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Abstract

Low back pain is the leading cause of disability worldwide, affecting mainly adults
but also children. Associations between chronic inflammatory conditions and low back
pain have been found frequently in older populations. However, the nature of these

relationships in younger populations is unknown.

The overall objective of this thesis was to investigate if early life illness factors such
as childhood illnesses are risk factors for back pain in adolescence or young adulthood.
Our plan involved three parts. Part 1: Literature reviews. Part 2: Analyses of longitudinal
data from the Raine Study. Part 3: Analyses of longitudinal data from the CHAMPS
Study-DK.

Through a two-part scoping review and a systematic review, we found that the most
likely risk factors for incident back pain in young people are female sex, older age,
psychological distress, and psychological features including emotional coping problems.
Based on the findings of the Raine Study analyses we found that children with
respiratory or atopic conditions such as asthma and allergic rhinitis, and those with
several chronic inflammatory conditions are at increased odds of impactful low back
pain in adolescence and young adulthood. Based on the findings of the CHAMPS Study-
DK we found there were limited associations between cardiovascular disease risk factors
and spinal pain in children and adolescents until the moderating role of health-related
physical activity was considered. Furthermore, within both these young cohorts there
did not appear to be any association between the inflammatory blood marker C-reactive

protein and back pain.

We concluded that there is some evidence that early life illness factors are risk
factors for back pain in young populations, but more evidence is needed to determine if
this involves a causal relationship. There appears to be an association between
cardiovascular disease risk factors and spinal pain, however this relationship is

dependent on sex, age, and health-related physical activity behaviour.
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Chapter One- Thesis introduction

Background

Back pain is a global problem affecting populations in both the developed and
developing world [1], with the disability and financial costs associated constituting a
large burden both to individuals and society [2]. For many, back pain begins in childhood
[3, 4]. While most cases of paediatric back pain are self-limiting and benign [5-7], back
pain can negatively impact on a child’s sport participation and school activities [8-13].
The prevalence of paediatric back pain has been increasing since the 1980s [14, 15].
Although many children (49-53%) have been found to report little to no low back pain,
some children have reported fluctuating low back pain (16-37%), and a small proportion
(<1-10%) report persistent low back pain [16]. Adolescents with back pain continue to
have lasting back pain into adulthood [17, 18]. This highlights the importance of
reducing this global financial burden by identifying children who are at risk of developing
back pain and the implementation of prevention programs. Recently, there was a call for
action on the global problem of low back pain [19]. Therefore, it is logical to start this
action when back pain can commence. Consequently, identifying clear early life risk

factors for back pain is important [20].
Does back pain in children occur in isolation to other conditions?

Back pain aetiology is complex and has many possible contributors, including social,
physical, and psychological factors, along with certain co-morbidities [21]. While some
abnormalities have been identified as causes of back pain, many remain unknown [21].
Numerous studies have attempted to explore risk factors of back pain in young
populations, including: family and genetic history of back pain, female sex, poor leg and
lumbar flexibility, physical fitness, puberty, part time work, and posture [3, 8, 22-30].
The intent being to identify early life factors that predispose young people to back pain
in later life, in order to inform future prevention strategies that reach into adulthood
[17]. There is now growing evidence to suggest that the risk of developing back pain is
not down to just a single factor but rather multifactorial, with risk factors in a spectrum

of domains, including biological, lifestyle, and psychosocial factors [20, 31-37].



Musculoskeletal conditions frequently co-occur with other chronic diseases
potentially as part of multimorbidity [38-41]. Multimorbidity refers to the co-occurrence
of two or more diseases within an individual with the assumption that none of the
diseases take precedence over the others [42-46]. Whereas, comorbidity is the co-
occurrence of diseases or conditions additional to the index disease (the primary disease

or disease of interest) [42, 47].

Comorbid or multimorbid conditions such as asthma, allergies, and depression are
reportedly associated with low back pain from adolescence to adulthood [48, 49]. A
systematic review and meta-analysis of cross-sectional twin studies found that young
people and adults were more likely to report low back pain if they had chronic
conditions such as asthma, diabetes, and headaches (pooled odds ratio (OR) range = 1.6
to 4.2) [50]. Respiratory and digestive disorders also show cross-sectional and
longitudinal associations with back pain in adulthood [51, 52]. In a large Canadian
National Population Health Survey adolescents and adults living with major depression
were almost three times more likely (OR [95% confidence intervals (Cl)] = 2.9 [1.2,7.0])

to report back pain two years later [53].

Similarly, a history of cardiovascular disease is associated with increased risk (men:
OR [95% CI] = 2.2 [1.3,3.5]; women: OR [95% Cl] = 2.3 [ 1.5,3.4]) of chronic low back pain
in adults [54]. Cardiovascular disease does not typically manifest in childhood; therefore,
it is not possible to investigate this in young people. However, it is possible to measure
risk factors for cardiovascular disease which do begin to develop in children [55-57]. It
has been found that cardiovascular disease risk factors contributing to metabolic
syndromes are more prevalent in adults reporting high-intensity chronic pain (OR [95%

Cl] 1.4 [1.2,1.6]) [58].

However, there is a paucity of literature on systemic illnesses as risk factors for back
pain, in particular whether early life illness factors predisposes an individual to back pain

as an adolescent or as a young adult [48].

Hypothesised biological plausibility
Systemic inflammation associated with chronic inflammatory conditions has been

hypothesised to lead to pain sensitization [59]. It is plausible that there is a biological



link between inflammatory conditions and back pain because of inflammation-
associated activation of the hypothalamic-pituitary-adrenal axis [49]. The presence of
inflammatory conditions, particularly in early life, may lead to changes in the
hypothalamic-pituitary-adrenal axis function through explicit action or by way of
epigenetics [60, 61]. Hypothalamic-pituitary-adrenal axis dysfunction may increase
susceptibility to pain and chronic pain disorders [62-64]. Early life stresses have been
found to influence future nociceptive processing [65]. These associations have been
found previously between early-life psychological stresses and increased incidence of
chronic pain in later life [66], as well as between early-life pain experiences and spinal
pain in pre-adolescence [67]. However, the association between hypothalamic-pituitary-
adrenal axis function and musculoskeletal pain remains uncertain particularly when
considering adolescents and young adults who are mostly healthy and highly sensitive to

stress [68].

Another theory postulates that back pain and its occasional multimorbidities such as
respiratory and digestive disorders may have common origins [51]. The potential link
being that a proportion of back pain and chronic conditions could be inflammatory in
nature. The inflammatory conditions and back pain could occur at any time during the
lifetime either concurrently or otherwise. It may be possible to confirm this if a common

inflammatory biomarker could be identified.

Could C-reactive protein be a possible factor?

C-reactive protein (CRP) is a biomarker of inflammation [69]. It is used as a
screening tool for the detection of many diseases [69]. The median concentration of CRP
in healthy adults is 0.8mg/L and generally levels remain stable except for transient
increases related to recent trauma or infections [69]. CRP is useful as a non-specific
biochemical marker of inflammation because it is not readily impacted on by other

factors (i.e. food) and production of CRP is only impaired by liver failure [69].

Sub-clinical elevations in CRP are linked with multiple factors for poor health
including increased cardiovascular disease risk, obesity, and insulin resistant diabetes
[69-80]. CRP is positively associated with components of metabolic syndrome including;

total cholesterol, glucose levels, measures of obesity, and insulin resistance [71, 74, 81-



86]. CRP also predicts future coronary events [69, 72, 78-80, 87]. In children, CRP is
associated with cardiovascular disease risk factors including: HDL-cholesterol, heart rate,
fibrinogen, systolic blood pressure, and to measures of adiposity [73, 76]. Physical
exercise can decrease CRP levels, which could explain the protective effect of exercise

for cardiovascular disease [88].

Preliminary evidence points to a link between CRP and spinal pain in adults. Two
recent systematic reviews found moderate level evidence of a positive association of
CRP with the presence and severity of low back pain [89, 90]. This is supported by other
studies [91, 92], that have found increased levels of CRP to be associated with higher

cold-pressor sensitivity, suggesting a link between inflammation and pain sensitivity.

There is cross-sectional evidence that inflammation may modify the experience of
spinal pain by modulating underlying sensitisations, this means that higher levels of
inflammation can increase pain sensitivity, leading to the development of chronic pain
[89, 91-93]. However, the longitudinal nature of the relationship between inflammation
and spinal pain is unclear. To better understand the co-development of inflammation
and pain it would be important to take a life course perspective. Trajectory modelling
demonstrating the time course of pain and inflammation could be useful to further
explore this complex longitudinal relationship, and the possible association between
chronic increased levels of CRP and the course of spinal pain. Trajectory modelling can
better demonstrate the recurrent and fluctuating nature of pain conditions compared to

methods that define outcomes at single time points [94].

Definitions

In order to establish a common understanding of this thesis the following definitions

are provided.
Risk factor

A risk factor is defined by Porta [95] as “a factor that is causally related to a change
in the risk of a relevant health process, outcome, or condition. The causal nature of the
relationship is established based on scientific evidence and causal inference.” In order to
identify a causal relationship, the risk factor should be present before the onset of the

disease [96]. If a factor occurs simultaneously with a disease then it can only be
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concluded there is an association and not necessarily a causal relationship [96].
However, causality cannot be inferred simply because one factor precedes another [97].
According to the Bradford Hill criteria of causation, there are many tenets required to
establish a causal link, namely strength of association, consistency, specificity,

temporality, biological gradient, plausibility, coherence, experiment, and analogy [97].

Back pain

Back pain is a symptom but can also be conceptualised as a disease, with the start of
the disease occurring when the first instance back pain is felt [96]. An episode of back
pain is an event of back pain, and a part of the relapsing and remitting nature of the

‘disease’, characterised by periods of back pain and pain-free periods [96].

Risk factor vs. trigger of back pain

A risk factor leads to the onset of back pain compared to a trigger, which could lead
to an episode. A risk for the disease of back pain could be different to a trigger that leads
to an episode. For example, those with a genetic predisposition could develop the
‘disease’ of back pain, then a trigger for an episode could be a particular movement into

an awkward position [96].

Limitations and gaps in the literature

The majority of the current studies are cross-sectional in nature, in order to
establish a causal relationship there should be at least a temporal relationship, in that
the risk factor should be present before the onset of the disease, this can only be
accomplished with longitudinal study designs [96]. Additionally, throughout the
evidence there are varying or unclear definitions of back pain; therefore, it is often
unclear if they included populations with incident, episodic, or ongoing back pain. As
there is a lack of standardised terminology it is challenging to compare studies [20]. It is
often unclear whether studies are considering risk factors for the onset of back pain or

triggers of back pain episodes [96].

There is also limited research considering early life illness factors as potential risk
factors for back pain. Adults are commonly included in studies that explore risk factors

and triggers of back pain, however within this population it can be challenging to locate



participants who have been completely free of back pain their whole life. Hence,
studying young populations brings the benefit of a higher likelihood of engaging

research participants before the onset of back pain.

Thesis aim

The overall aim of this thesis was to investigate if early life illness factors such as
childhood gastrointestinal, cardiovascular and respiratory illnesses, or cardiovascular
disease risk factors-as potential proxy measures of underlying systemic inflammation-

are risk factors for back pain in adolescence or young adulthood.

To this end, the thesis was constructed in three parts. Part 1: Reviews of the
relevant literature to inform the analyses of data from selected cohort studies. Part 2:
Analyses of longitudinal data from the Raine Study. Part 3: Analyses of longitudinal data

from the CHAMPS Study-DK.

Background on cohort study data sourced for this thesis

The Raine Study is a longitudinal cohort investigation on a discreet Western
Australian population with mothers recruited between May 1989 and Nov 1991. There
were 2868 live births recruited into the Raine Study. The children have been followed
from birth, until present (28 years), with data points at years 1, 2, 3, 5, 8, 10, 13, 16, 20,
23 and 27. Information has been collected on environmental, developmental, and health
information covering an extensive range of health related areas. There are 25 broad
areas of research including asthma and atopy, cardiovascular and metabolic health,
childhood development growth, dental health, diabetes, genetic epidemiology, gastro-
enterology, infection and immunity, mental health, musculoskeletal development and
pain, nutrition, physical activity, ophthalmology, pregnancy and birth, reproductive

health, sleep and risk-taking behaviour [98, 99].

The Childhood Health, Activity, and Motor Performance School Study Denmark
(CHAMPS Study-DK) is a quasi-experimental trial designed to estimate the effects of
physical education and other variables on cardiovascular disease risk factors,
musculoskeletal health, and motor performance in children from Svendborg, Denmark
[100]. Ten schools took part with 1218 children initially, with students in six schools

receiving an increased amount of physical activity (270 minutes per week) and four



schools receiving the usual amount of physical activity (90 minutes per week).
Participating children were enrolled into the study on a rolling basis starting from
October 2008 to January 2009 and comprised children from 6 years to 11 years of age at
the time of enrolment, and were followed until July 2014 [101, 102]. Cardiovascular
disease risk exposures were taken at baseline, 2010, and 2014 [103]. Many other
variables were measured at baseline and at regular intervals (at least once a year) with
guestionnaires, physical examinations and physical testing. Measurements included the
prevalence, incidence and tracking of indicators for life-style diseases such as type two
diabetes, metabolic syndrome and cardiovascular disease. This also included the
prevalence, incidence and tracking of musculoskeletal injuries and back problems [100].
Cardiovascular disease risk factors included fasting blood samples comprising serum
insulin, glucose, insulin resistance, triglycerides, and cholesterol, as well as systolic blood
pressure and body mass index [103]. In addition, spinal pain outcomes were measured
from baseline and then on a weekly basis over a five and a half-year period via SMS
(text) messaging [100, 101, 104]. Physical activity was measured objectively with

accelerometry [100, 105].

The Raine Study data allowed us to investigate a broad array of co-morbidities as
well as the longitudinal relationship between CRP and low back pain. The CHAMPS
Study-DK data allowed us to further understand the associations of cardiometabolic
health, health-related physical activity, CRP and spinal pain using objective measures of
cardiometabolic risk, health-related physical activity, and intensive measures of spinal

pain collected each week over the course of five and a half years.

Thesis structure

This thesis contains seven published or prepared for publication research
manuscripts that are arranged into eight chapters. One additional supplementary
manuscript has been submitted for publication (See Appendix One). Published papers
are included as formatted PDF files incorporated into this thesis along with additional
text, introductions and discussion sections at the beginning and end of each chapter, to
link the manuscripts. Reference lists of all the manuscripts are contained within the

respective chapters.



In Chapter One we have introduced the thesis and critically reviewed the relevant

literature.

Chapter Two identifies potential risk factors and potential triggers for back pain in
young people through a two-part scoping review. The scoping review part | focused on
studies that investigated risk factors and triggers for incident and episodic back pain.

Part Il includes all eligible studies with unclear or mixed definitions of back pain.

Chapter Three is a systematic review with meta-analysis of chronic physical
ilinesses, mental health disorders, and psychological features as potential risk factors or

triggers for back pain from childhood to young adulthood.

Chapter Four involved data from the Raine Study participants (1 to 22 years of age)
to investigate potential links between early life chronic or recurrent inflammatory
conditions and low back pain in adolescence and young adulthood. The specific
objectives of this chapter were 1) to investigate the longitudinal associations between
inflammatory conditions in childhood and impactful low back pain occurrence from
adolescence to young adulthood, 2) to investigate the cross-sectional associations
between inflammatory conditions from adolescence to young adulthood and impactful
low back pain occurrence, 3) to investigate potential dose-response relationships
between the number of chronic inflammatory conditions and the occurrence of

impactful low back pain.

Chapter Five also utilized data from the Raine Study participants (14 to 22 years of
age) to investigate the longitudinal associations between CRP levels and low back pain
from adolescence to early adulthood. First, as a preliminary study we identified
trajectories of CRP and investigated the longitudinal association between trajectories of
CRP and body mass index; this information is presented in Appendix One. Second, we
identified the trajectories of low back pain from early adolescence through to early
adulthood and investigated the associations between trajectories of CRP and low back

pain.

Chapter Six includes analyses conducted to investigate the prospective association

between childhood cardiovascular disease risk factors and spinal pain occurrences in



childhood and adolescence with the potential moderating role of health-related physical

activity using data from the CHAMPS Study-DK.

Chapter Seven entailed investigating the longitudinal associations between sub-
clinical elevations in CRP and spinal pain from childhood to adolescence based on
available CHAMPS Study-DK data. Specifically, we examined for differences in mean CRP

between spinal pain trajectory subgroups.

Chapter Eight provides an overview of the thesis including directions for future

research.






Chapter Two- Scoping review on potential risk
factors and triggers for back pain in children and

young adults. Parts | and II.

Numerous studies have attempted to investigate a range of different risk factors of
back pain in young populations [3, 8, 22-28]. Within this chapter we aimed to synthesize
the evidence to identify all investigated risk factors and triggers for back pain in young
people. Due to the considerable number of studies on “risk factors” for back pain, we
conducted a two-part scoping review to summarise the evidence. By conducting a
scoping review, we could also identity the gaps and major limitations within the

literature.

The purpose of this scoping review was to identify potential risk factors and
potential triggers for back pain in young people. The scoping review part | includes
studies that investigated risk factors (with an established temporal relationship) for
incident and episodic back pain. Part Il includes all other eligible studies with unclear or

mixed definitions of back pain.
This work underwent peer-review and is published as:

Beynon AM, Hebert JJ, Leboeuf-Yde C, Walker BF. Potential risk factors and triggers
for back pain in children and young adults. A scoping review, part |: incident and episodic

back pain. Chiropr Man Therap. 2019 Dec 1;27(1):58. DOI: 10.1186/s12998-019-0280-9

As of 24/02/2021: Article accesses: 1240. Citations: 3. Altmetric: 8

Beynon AM, Hebert JJ, Leboeuf-Yde C, Walker BF. Potential risk factors and triggers
for back pain in children and young adults. A scoping review, part Il: unclear or mixed
types of back pain. Chiropr Man Therap. 2019 Dec 1;27(1):61. DOI: 10.1186/s12998-019-
0281-8

As of 24/02/2021: Article accesses: 1446. Citations: 4. Altmetric: 10
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Abstract

Background: The one-month prevalence of back pain in children and adolescents has been reported at 33, 28 and
48% at ages 9, 13 and 15 respectively. There are many suspected risk factors and triggers of back pain in young
people.

Objective: The purpose of this scoping review was to identify potential risk factors and potential triggers for back
pain in young people. The purpose of part | was to identify potential risk factors for incident and episodic back pain
in young people. Part Il included all eligible studies with unclear or mixed types of back pain.

Methods: Due to the vast number of studies on "risk factors” for back pain, a two-part scoping review of the
literature was chosen as the best way to summarise the evidence. We adhered to the PRISMA-ScR guideline for
scoping reviews. General potential risk factors and triggers for back pain in children and young adults (£ 24 years)
were included, incorporating physical, environmental, and/or physiclogical factors. A search was conducted using
PubMed and Cochrane databases from inception to September 2018, limited to the English language. Within part |,
and because of their importance, only the results of the studies that investigated risk factors of incident back pain
and back pain episodes are presented.

Results: The search identified 7356 articles, of which 91 articles were eligible for this scoping review. The majority
of the eligible articles had an unclear definition of back pain (results presented in scoping review part Il). There
were 7 inception cohort studies included and 1 cohort study that met the criteria for part I. The most consistent
risk factors for incident and episodic back pain are female sex and older age.

Conclusion: Due to inconsistent ways of reporting on the type of back pain, no definitive risk factor for back pain
has been identified. In general, females often report more symptoms, also for other diseases, and older age is not a
useful risk factor as it merely indicates that the onset may not be in childhood. Clearly, the time has come to study
the causes of back pain from different angles.
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Background

In children, back pain was once thought to be rare.
However emerging evidence suggests that this is not the
case [1]. The 1 month prevalence of back pain in chil-
dren and adolescents has been reported at 33, 28 and
48% at ages 9, 13 and 15 respectively [2]. A recent sys-
tematic review found that there were three common pat-
terns of low back pain (LBP) in children and
adolescence. The majority of children (49-53%) reported
no or low probability of LBP, a second group reported
fluctuations of LBP (16-37%), and a minority (< 1-10%)
repeatedly reported LBP [3]. The consequences of back
pain included the taking of medication, missing class,
and seeking care [4]. Additionally, children who report
back pain have been found to have difficulty with certain
activities such as standing in a queue, sports activities,
and carrying a school bag [5]. There are many suspected
risk factors of back pain for children and young adults.

It is important to distinguish between a risk factor for
back pain and a factor associated with back pain [6]. A
risk factor is defined by Porta (7] as “a factor that is
causally related to a change in the risk of a relevant
health process, outcome, or condition. The causal nature
of the relationship is established on the basis of scientific
evidence and causal inference.” Therefore, to identify a
causal relationship rather than simply an association, the
risk factor should be present, as a minimum, prior to the
onset of the disease [6]. However, just because a factor
precedes another does not automatically indicate causal-
ity [8]. According to the Bradford Hill criteria there are
many tenets required to establish a causal link, namely:
strength of association, consistency, specificity, tempor-
ality, biological gradient, plausibility, coherence, experi-
ment, and analogy [8]. If a potential risk factor is
measured concurrently with a disease, then the temporal
association between the risk factor and the disease can-
not be established, unless it is certain that the potential
risk factor was there before the inception of the disease
[6]. Therefore, generally, a prospective study design is
needed to determine a risk factor [6].

If we define back pain as a ‘disease’, then the disease
onset is probably the first instance of back pain [6]. An
episode of back pain is an event of back pain, once this
‘disease’ has occurred, and it is a part of the relapsing
and remitting nature of the ‘disease’, characterised by
periods of back pain and pain-free periods. A risk factor
is one that causes the ‘disease’ of back pain (marked by
the first time back pain occurs) compared to a trigger,
which could lead to an episode of back pain. It is pos-
sible a risk factor could also be a trigger, but not neces-
sarily. For example, those with a genetic predisposition
could be prone to develop the ‘disease’ of back pain,
then a trigger for an episode could be a particular move-
ment into an awkward position [6].
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Thus to study the ‘disease’ of back pain and to identify
risk factors of incident back pain, with an established
temporal relationship, an inception cohort is needed [7].

Some systematic reviews have endeavoured to identify the
potential risk factors of back pain in children and young
adults [9-19]. Many of these located reviews focused on spe-
cific potential risk factors such as schoolbags [15], computer
use [13], puberty [14], weight status [17], smoking [18], and
physical activity [19]. The majority of the systematic reviews
did not consider the temporal relationship between back
pain and the risk factor, and combined cross-sectional stud-
ies with cohort studies and/or had unclear definitions of back
pain [9, 12, 13, 15-18]. A systematic review by Ardakani
et al. [6] attempted to determine if a sample of studies look-
ing into the causes of low back pain discriminated between
the back pain ‘disease’ and its episodes. They concluded that
the majority of the included studies had an unclear definition
of absence of low back pain at baseline and therefore cannot
differentiate between back pain as the ‘disease’ and its recur-
ring episodes [6]. Only one located systematic review by Hill
and Keating [10] planned to consider the first episode of low
back pain. They included only prospective studies, which
they stated studied the first episode of low back pain [10].
However, half of the included articles did not actually assess
the first episode of back pain and instead had unclear types
of back pain, providing information on studies including first
ever, episodic and ongoing back pain.

Due to the vast number of studies on risk factors for
back pain, we undertook a scoping review to summarise
current evidence.

The purpose of this scoping review was to identify po-
tential risk factors and potential triggers for back pain in
young people. Within this article (Part I) we included
only studies that investigated risk factors (with an estab-
lished temporal relationship) for incident back pain
(back pain defined as the ‘disease’) and back pain defined
as episodes. Part II includes all eligible studies with un-
clear or mixed definitions of back pain.

Methods

We conducted a scoping review based on established
guidelines [20]. A review protocol was not included in a
registry and, as this was a scoping review, we did not
formally rate quality including risk of bias of each article.
We began with the broad question of: what are the po-
tential risk factors and potential triggers for back pain in
childhood and young adulthood?

Eligibility criteria

Studies were included if they reported on any potential
risk factors for pain in the thoracic and/or lumbar spine
(back pain) with the majority of participants less than
25years old at baseline. General potential risk factors
and triggers for back pain in children, adolescents, and
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young adults up to the age of 24 years, including phys-
ical, environmental, and/or physiological factors were
considered. The age classification is based on the MeSH
definition of a young adult (19-24 years). Additionally,
the contemporary definitions of adolescence includes
young adulthood (10-24vyears) [21]. We identified ori-
ginal peer-reviewed studies in English from any country
of origin and included cohort studies, inception cohort
studies and retrospective studies. Within part I, only
studies that studied risk factors of incident back pain
(back pain the ‘disease’) and back pain episodes were in-
cluded. Therefore, for incident back pain a clear defin-
ition of the back pain that included a life-time absence
of back pain at baseline was required. For episodic back
pain, a clear definition of back pain with pain-free pe-
riods was required, to be able to capture recurrent back
pain.,

Search strategies
A search was conducted using PubMed and Cochrane
databases from inception to September 2018, limited to

Page 3 of 7

only English language peer-reviewed articles. In addition,
reference lists of included papers and located systematic
reviews were searched to identify other potentially suit-
able studies. There was no attempt to contact authors to
identify additional sources. The full search strategy is
listed in Additional file 1. Search results were imported
into bibliographic management software and duplicates
discarded. Results of the search were reported as per the
PRISMA flow diagram (Fig. 1).

Study selection, data charting and synthesis of results
Titles, abstracts, and full-text articles were screened by
one researcher (AB) twice, once in March 2018 and then
repeated in September 2018 against the inclusion criteria.
The second search identified four additional articles. An-
other researcher (BW) verified the study selection (titles,
abstracts, and full-text screen) for accuracy. One full-text
article was queried, justifications provided, and full con-
sensus was met through discussion.

Calibration of the data charting forms was conducted
by two researchers (AB and CLY). One researcher (AB)

Records identified
through searching
databases
(n=7537)

|

Identified articles Duplications removed
B
(n=7553) (n=197)
Title and abstract screen Recorde;i;;scluded
(n=7356) * Un=7U0)
l Full text articles excluded
(n=179)
Full-text articles assessed |

(n=270)

l

Articles included in
scoping review
(n=91)

4 N

Additional records
identified through
other sources
(n=16)

Not original research (n=3)
Majority adult population (n= 33)
Unable to retrieve article (n= 8)
Study type doesn’t meet
requirements (n=98)
Widespread pain assessed (n=25)
Only reported prevalence (n=12)

Articles included in part I:
(Clear type of back pain)
(n=8)

Articles included in part Il
(Unclear type of back pain)

(n=83)

Fig. 1 Final study selection flow diagram
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piloted the form on three studies and this was verified
by another researcher (CLY). This was an iterative
process in which there were many changes during each
round. Any disagreements were resolved by a third re-
searcher (BW).

One researcher (AB) independently charted the data
(data extraction in scoping reviews [22]) using the evi-
dence tables. Another researcher (BW) verified the data
charting for accuracy. The second reviewer had ten
queries which were resolved through discussion and
consensus leading to five minor changes; involvement of
a third reviewer was not needed. The results were sum-
marised reporting the number of times a risk factor was
investigated, the number of times it was found to be as-
sociated with back pain, and if there was an association,
the strength of this association. If a study had multiple
estimates for the same risk factor, the most adjusted es-
timate was extracted.

Clarity of definition of back pain was assessed in each
study with a summative score. Individual points were
given if there was a clear description of the area of back
pain, a clear reporting of the recall period, a clear defin-
ition of the type of back pain, and if there was an at-
tempt to collect valid data (maximum four points).
These scores are reported in additional files.

Data were synthesised by risk factors and further, by
study design. This includes inception cohort studies
reporting factors that were longitudinally associated with
back pain (risk factors of back pain) and cohort studies
reporting factors that were longitudinally associated with
back pain episodes.

Results

Study selection

The database searches identified 7537 articles and 16
additional articles were identified from searching of the
relevant references lists. A total of 91 articles were eli-
gible for inclusion in this review. In all, 83 studies were
excluded for part I as they did not have a clear definition
of back pain or document the absence of back pain
among participants at baseline. These studies were in-
cluded in part II of this review. Thus, data from 8 arti-
cles were included in the current review (Fig. 1).

Study characteristics and synthesis of results

There were 7 inception cohort studies reviewed [23-29].
These studies identified risk factors for the onset of the
first episode of back pain [23-29]. Risk factors included
sex, age, socioeconomic status, height, psychosocial fac-
tors, body mass index (BMI), muscle strength, physical
activity, and smoking. All study populations included
both males and females. The median ages of the study
populations ranged from 10 to 21years of age. Follow
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up periods ranged from 1 to 8 years. Charts of the sum-
mary of findings are seen in Additional file 2.

There was only one study on episodic/recurrent back
pain [30]. Charts of the summary of findings are seen in
Additional file 3.

Sex

Six inception cohort studies tested sex as a potential pre-
dictor of back pain [24-29], of which two reported that
females had an increased incidence of back pain [24, 29],
one reported a higher incidence in males [25], and three
studies found no association [26-28] (Table 1). One co-
hort study tested sex as a potential predictor of back
pain episodes and found females had an increased preva-
lence of back pain [30] (Table 2).

Age

Four inception cohorts tested age as a potential pre-
dictor of back pain [24-27], of which three found older
age had an increased risk of back pain [24, 25, 27], and
one found no association [26] (Table 1). One of these
studies found age as a risk factor for back pain in males
but it not in females [24], whereas another found the in-
cidence of back pain to increase more with age in males
than in females [25]. One cohort study tested age as a
potential predictor of back pain episodes and found
older age had an increased prevalence of back pain [30]
(Table 2).

Physical activity

Three inception cohort studies tested the relationship
between physical activity and back pain [23, 26, 27]. Of
these, two found that increased physical activity led to a
higher incidence of back pain [23, 27], whereas one
found no association [26] (Table 1). One of these studies
only found this relationship with a high level of vigorous
physical activity [23].

Psychosocial factors

Two inception cohorts tested psychosocial factors as po-
tential predictors of back pain [24, 26]. Both studies
found that those with certain psychosocial factors had
an increased incidence of back pain [24, 26]. Those fac-
tors included dysfunctional coping [24], anxiety sensitiv-
ity [24], somatosensory amplification [24], psychological
distress [26], and emotional disorders or behavioural dis-
orders [26] (Table 1).

Socioeconomic status

One inception cohort tested parental education as a po-
tential predictor of back pain and found lower parental
education led to an increased incidence of back pain
[26] (Table 1).
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Table 1 Inception cohorts: summary of risk factors for back pain the 'disease’

Number of studies:
increased risk

Number of
studies

Variable
decreased risk

Number of studies:

Number of studies
not significant

Strength of association (95%Cl)

Female sex 6 2 1

Older Age 4 3 0

Increased 3 2 0
physical activity

Psychosocial 2 2 0

Socioeconomic 1 1 0

Increased 1 1 0
growth

Muscle strength 1 1 0

Smoking 1 1 0
Increased BMI 2 0 0
lliness 1 0 0

3 Negative association:
OR 04 (03, 0.8) [25] (©)
Positive association:
OR15(13,1.7) [29] (¢
OR 1.8 (1.1, 3.1) [24]

1 OR 2.1 (1.2, 3.7) [25] (©
OR 1.2 (1.1, 1.3) (boys) [24]
OR 34 [27] (graph interpretation, c)

1 RR 14 (1.1,1.9) [23]
OR 2.3 [27] (graph interpretation, c)

0 Dysfunctional coping: OR 1.4 (1.1, 2.0)
(boys) [24]
Anxiety sensitivity: OR: 1.5 (1.1, 2.0) (boys)
[24]
Somatosensory amplification:
OR 1.8 (1.0,3.1) (girls) [24]
Psychological distress: OR 1.9 (1.1, 3.2) [26]
Emotional or behavioural disorders:
OCR 1.2 (1.0, 34) [26]

0 Lower parental education: OR 1.7 (1.1, 2.8)
[26]

0 Increased growth spurt one SD (4.3cm) 11—
14yr:
OR 13 (1.1,1.7) [28]

0 Increased back flexor strength OR 2.8 [27]
(graph interpretation, ¢

0 Heavy smoking: OR 1.9 (1.1, 3.1) [26]
2 NA
1 NA

OR Odds ratio, RR Relative risk (c): parameter measure calculated from the provided results within study i.e. percentages converted to odds ratios, NA Not

applicable (no significant results), BM/ Body mass index

Increased growth

One inception cohort tested increased growth as a po-
tential predictor of back pain and found that an in-
creased growth spurt by one standard deviation more
(4.3 cm) from 11 to 14 years of age led to an increased
incidence of back pain [28] (Table 1).

Muscle strength

One inception cohort tested muscle strength as a potential
predictor of back pain and found that those with an in-
creased back flexor strength had an increased incidence of

back pain. However, the study did not define what per-
centage of increased strength [27] (Table 1).

Smoking

One inception cohort tested smoking status as a poten-
tial predictor of back pain and found that heavy smokers
in young adulthood had an increased incidence of back
pain [26] (Table 1).

Anthropometric parameters (BMI)
Two inception cohorts tested increased BMI as a poten-
tial predictor of back pain and found no significant

Table 2 Cohort studies: summary of risk factors for back pain episodes

Variable Number — Number of Number of Number not

Strength of association

of studies  positive negative significant
Female 1 1 0 0 OR 2.1 (1.9, 2.5) [30]
sex
Older 1 1 0 0 OR: (index 9yr boy) 2.5 (1.5, 4.1) (13 yr boy), 3.2 (1.9, 5.3) (14 yr boy), 3.1 (1.8,8.2) (15yr
Age boy), 3.0 (1.8, 5.2) (16yr boy), 3.5 (19, 6.3) (17 yr boy), 2.4 (1.4, 41) (10yr girl), 3.4 (2.1,

5.7) (11 yr girl), 46 (2.8, 7.5) (12 yr girl), 5.6 (34, 9.2) (13 yr girl), 54 (3.3, 89) (14 yr girl),
6.7 (4.1,11.2) (15yr girl), 6.7 (40, 11.3) (16 yr girl), 7.5 4.2, 13.2) (17 yr girl) (30]

OR Odds ratio
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relationship with being in a higher BMI percentile and
back pain [26, 28] (Table 1).

Systemic/illnesses

One inception cohort tested having a chronic medical
condition as a potential predictor of back pain and
found no significant relationship. Chronic medical con-
ditions were collated together and were very varied, in-
cluding conditions such as: asthma, heart problems,
epilepsy, cancer, diabetes, missing fingers, blindness, and
“muteness” [26] (Table 1).

Discussion

Overall summary of risk factors or triggers for back pain
Considering the literature included in this review within
part I, the factors that were found to be the most com-
monly investigated potential risk factors for incident
back pain are female sex and older age. Based on the
one study that studied episodic back pain, the potential
triggers are also female sex and older age. Other factors
that were identified as potential risk factors are physical
activity and psychosocial factors. Consistently there was
no association or a weak association noted for body
mass index, height, muscle strength, smoking, and sys-
temic/illness factors.

Compared to previous literature

Previous systematic reviews have found similar results.
Female sex [12, 16, 31] and older age [9, 12, 31] are the
most frequently found risk factors for back pain during
childhood and adolescence. The findings that females
seem to be more at risk of back pain has been hypothe-
sized to be due to differences in pain modulation due to
oestrogen [32].

Limitations of the current literature

The major limitations of the current literature are that
the majority of studies did not adequately define back
pain (incident, episodic or ongoing backpain) and the
absence of back pain at baseline (Additional files 4 and
5). To identify a causal relationship, the risk factor
should be present prior to the onset of the disease [6].
When studying children, there is also the question of po-
tential memory decay, particularly when asking about
the prior presence of back pain.

Limitations of this review

This scoping review has some limitations. In accordance
with PRISMA-ScR guidelines one researcher independ-
ently screened and conducted data charting, with a sec-
ond researcher verifying the study selection and data
charting for accuracy. However, while this method com-
plies with the guidelines for scoping reviews it is not as
rigorous as methods required for systematic review.
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Also, as complying with the guidelines for scoping re-
views, there was no formal critical quality assessment of
the included articles. Finally, only two key databases
were searched, and articles were limited to the English
language.

Recommendations for future research

Future studies should follow the population from early
life and capture the proposed risk factors before the on-
set of back pain. They should also consider the sequence
of events in the causal pathway and test their hypotheses
with appropriately designed longitudinal studies and ap-
propriate analyses. They should also have a clear and
consistent definition of back pain, ideally measured
through a validated questionnaire. Finally, future re-
search should concentrate on potentially modifiable risk
factors.

Conclusion

Due to inconsistent ways of reporting on the type of
back pain, only a limited number of risk factors for back
pain in childhood and young adulthood have been iden-
tified. Risk factors identified were predominantly bio-
logical. The most commonly investigated risk factors for
back pain the ‘disease’ and back pain episodes are female
sex and older age towards adolescence and young adult-
hood. In general, females often report more symptoms,
also for other diseases, and older age is not a useful risk
factor as it merely indicates that the onset may not be in
childhood. Continued studies of similar approach seem
not to be useful. Clearly, the time has come to study the
causes of back pain from different angles.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512998-019-0280-9.

Additional file 1. Search strategies used for the literature search. The
full search strategy for PubMed and Cochrane databases.

Additional file 2. INCEPTION COHORT STUDIES reporting factors that
are longitudinally associated with back pain. Table summarising each
included inception cohort study.

Additional file 3. COHORT STUDIES reporting factors that are
longitudinally associated with back pain episodes. Table summarising
included cohort study.

Additional file 4. Clarity of definitions of Back pain: Inception Cohort
studies. Table summarising the clarity of the definitions of back pain in
included inception cohort studies.

Additional file 5. Clarity of definitions of Back pain: Cohort studies.
Table summarising the clarity of the definitions of back pain in included
cohort study.

Abbreviations

BMI: Body mass index; Cl: Confidence intervals; LBP: Low back pain;

N: Number of participants; NA: Not applicable; OR: Odds ratio; RR: Relative
risk
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pain in children and young adults. A
scoping review, part Il: unclear or mixed

types of back pain

Amber M Beynonv.“, Jeffrey Hebert'?, Charlotte Lebouef-Yde'? and Bruce F Walker'!

Abstract

Background: Back pain is a global problem in terms of disability and financially, with a large burden both to the
individual and to society. Back pain was previously believed to be uncommon in children. However, there is a
growing body of evidence that this is not the case.

Objective: Part | of this scoping review studied risk factors of incident and episodic back pain. In this part Il we
aimed to identify all risk factors and triggers with unclear or mixed type back pain in young people and to identify
any gaps in the literature.

Methods: A scoping review design was selected to summarise the evidence, as there are many studies on “risk
factors” for back pain. The scoping review followed the PRISMSA-ScR guidelines. We considered all studies that
tested potential risk factors and triggers for thoracic and/or lumbar spine pain, in children, adolescents, and young
adults (€ 24 years). PubMed and Cochrane databases were searched from inception to September 2018, to identify
relevant English language articles. The results regarding potential risk factors were separated into temporal
precursors and bidirectional risk factors and the studies were classified by study design.

Results: Our comprehensive search strategy identified 7356 articles, of which 83 articles were considered eligible
for this review (part Il). There were 53 cross-sectional studies and 30 cohort studies. Potential risk factors for back
pain were: female sex, older age, later pubertal status, positive family history of back pain, increased growth, and a
history of back pain, most of which are temporal precursor variables. There was limited research for the illness
factors, spinal posture, and muscle endurance in the development of back pain.

Conclusion: Many of the included studies approached risk factors in similar ways and found factors that were
associated with back pain but were not obvious risk factors as causality was uncertain. Future research should be
more rigorous and innovative in the way that risk factors are considered. This could be through statistical
approaches including cumulative exposures, or longitudinal approaches including multi-trajectory methods.
Additionally, data on proposed risk factors should be collected before the onset of back pain.
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Background

Back pain is a global problem in terms of disability and fi-
nancial costs, with a large burden both to the individual
and to society [1]. Back pain was once believed to be un-
common in young people. However there is evidence that
this is not the case [2, 3]. Back pain can start during child-
hood or adolescence [2, 3]. Therefore, it is important not
to ignore younger populations. Numerous studies have
attempted to investigate a myriad of potential risk factors
of back pain in children and young adults. Identifying
early life factors that predispose young people to back pain
in later life may help identify at-risk populations and in-
form future prevention strategies. Prevention of back pain
in adolescence could help the prevention of back pain into
adulthood [4].

Some potential risk factors definitely occur before
the inception of the disease; we define these variables
as temporal precursors. Temporal precursors are vari-
ables known to have a definite preceding temporal re-
lationship with a disease (e.g., sex, age, pubertal status,
family history, family socioeconomic factors, and
height). Conversely, other factors studied may not
have occurred prior to the onset of the disease, and
they can have a bidirectional relationship with the dis-
ease of interest. If such potential risk factor is mea-
sured concurrently with back pain, then we cannot
know if the potential risk factor preceded the back
pain or not. Examples include body mass index (BMI),
muscle endurance and flexibility, posture, physical ac-
tivity behaviour, work, screen time, inadequate sleep,
smoking, illnesses, and psychosocial factors.

Due to the vast number of studies on “risk factors” for
back pain a two part scoping review of the literature was
chosen as the best way to summarise the evidence. Part
I of this scoping review (Potential risk factors and trig-
gers for back pain in children and young adults. A scop-
ing review, part I incident and episodic back pain)
studied risk factors of incident and episodic back pain.
In Part I we aimed to identify all risk factors and trig-
gers for back pain (unclear or mixed types of back pain)
in young people and to identify any gaps in the litera-
ture. Moreover, in this second part, all eligible studies
(unclear or mixed types of back pain) that tested poten-
tial risk factors of back pain and triggers of its further
episodes were included.

Methods

The full methods are reported elsewhere (Potential risk
factors and triggers for back pain in children and young
adults. A scoping review, part I: incident and episodic back
pain). However, a summary of the methods is provided
below. We undertook a scoping review in accordance with
reporting guidelines (PRISMA-ScR) [5]. A review protocol
was not included in a registry as PROSPERO does not
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currently accept registrations for scoping reviews. The
broad question of interest was what are the potential risk
factors and potential triggers for back pain in childhood
and young adulthood? ‘Back pain’ was defined as pain
within the thoracic and/or lumbar areas. A search was
conducted using the PubMed and Cochrane databases
from inception to September 2018. The full search strat-
egy is listed in Additional file 1. Results of the search were
reported as per the PRISMA flow diagram (Fig. 1).

Eligibility criteria

We included studies that reported on potential risk fac-
tors or triggers for pain in the thoracic and/or lumbar
spine (a risk factor is the cause of ‘disease’ of back pain
defined as the first time they have back pain compared
to a trigger, which could lead to an episode of back
pain when the disorder of back pain is already estab-
lished). The majority of the participants were to be less
than 25 years old at baseline. The age classification is
based on the MeSH definition of a young adult (19-24
years). Additionally, the contemporary definitions of
adolescence includes young adulthood (10-24 years)
[6]. Original peer-reviewed studies in the English lan-
guage from any country of origin were included and
study designs comprised retrospective, cross-sectional,
and prospective observational studies. Cross-sectional
studies were only included if the potential risk factors
met Bradford Hill’s tenet of temporality for the study of
risk factors or triggers (i.e., if the exposure was classi-
fied as a temporal precursor e.g. age) [7].

Study selection, data charting and synthesis of results
Titles, abstracts, and full-text articles were screened by one
researcher (AB) twice (March 2018 and then September
2018) against the inclusion criteria. The second search
identified four additional articles due to the passage of time.
Another researcher (BW) verified the study selection for ac-
curacy (titles, abstracts, and full-text screen) and full con-
sensus was met through discussion.

Calibration of the data charting forms was conducted by
two researchers (AB and CLY). One researcher (AB) piloted
the form on three studies. This process was verified by an-
other researcher (CLY). This was an iterative process in
which there were many changes during each round. Any
disagreements were resolved by a third researcher (BW).

Charting of data (data extraction in scoping reviews [8])
was completed by one researcher (AB) using the evidence
tables. This information was checked for errors several
times with an audit of all data entered with at least a week
between each audit. Potential risk factors or triggers were
separated into temporal precursors or potentially bidirec-
tional risk factors. Results for the cross-sectional and pro-
spective studies are reported together for potential risk
factors that are inherently present before the back pain
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Records identified
through searching
databases
(n=7537)

(n=270)

i

Articles included in
scoping review
(n=91)

e

\.

Identified articles Duplications removed
—_
(n=7553) (n=197)
Title and abstract screen Recordf;l;;;:!uded
(n=7356) (A=7088)
l Full text articles excluded
(n=179)
Full-text articles assessed |

Additional records
identified through
other sources
(n=16)

Not original research (n=3)
Majority adult population (n= 33)
Unable to retrieve article (n=8)
Study type doesn’t meet
requirements (n= 98)
Widespread pain assessed (n=25)
Only reported prevalence (n=12)

Articles included in part I:
(Clear type of back pain)
(n=8)

Articles included in part II:
(Unclear type of back pain)

(n=83)

Fig. 1 Final study selection flow diagram

(temporal precursors). If a study had multiple estimates for
the same risk factor the most adjusted estimate of associ-
ation was extracted. Clarity of definition of back pain was
assessed in each study with a summative score provided. In-
dividual points were given if there was a clear description
of the area of back pain, a clear reporting of the recall
period, a clear definition of the type of back pain, and if
there was an attempt to collect valid data (maximum four
points).

Results

Study selection

Our database searches identified 7537 articles and a sub-
sequent search of the relevant references lists resulted in

an additional 16 articles. In all, 91 articles were consid-
ered eligible for this review. Eight studies appeared to
have studied risk factors of incident back pain and back
pain episodes (reported in part I). Within part II, 83
studies were included, as these failed to clearly identify
whether they studied inception events or ongoing/epi-
sodes of back pain (Fig. 1).

Study characteristics and synthesis of results

Of the 83 articles included in this review, 30 (36%) were
prospective cohort studies [4, 9-37]. The majority of co-
hort studies did not have a clear description of back pain
or captured a mixture of back pain types. Thus, many
studies appear to have dealt with either back pain epi-
sodes or the incidence of back pain. They only
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considered a limited time frame and did not report de-
tails of the previous pain-free period. Therefore, these
studies could reflect a mixture of first time, recurrent,
and ongoing back pain episodes.

The included studies included temporal precursor
variables such as sex, age, pubertal status, family his-
tory, socioeconomic status, and height. Potential bi-
directional variables included BMI, muscle endurance
and flexibility, posture, physical activity and work,
screen time, inadequate sleep, carrying bags, smoking,
illnesses, and psychosocial factors. Charts of the sum-
mary of findings are reported in Additional file 2.

There were 53 cross-sectional studies included in this
review [38-90]. These studies reported factors that
could potentially be associated with back pain such as
sex, age, pubertal status, family history, and socioeco-
nomic status. Charts of the summary of findings are seen
in Additional file 3.

Temporal precursor variables

Sex

In the 53 studies reporting on sex and back pain, 32
studies found a positive association with female sex and
back pain, three studies found a higher prevalence of
back pain in males, and 18 studies found no association
with sex (Table 1). There was generally a positive associ-
ation between female sex and back pain.

Age

In the 34 studies reporting on age and back pain (Table 1),
there was generally a higher prevalence of back pain with
advancing age in children towards adolescence and young
adulthood.

Family history

In the 19 studies reporting on family history and back
pain (Table 1), there was by and large a higher preva-
lence in those with a positive family history of back pain.

Socioeconomic status

In 15 studies there were inconsistent estimates of asso-
ciation for the relationship between socioeconomic fac-
tors and back pain. Seven studies reported positive
associations between certain socioeconomic factors and
back pain, whereas eight studies reported no associ-
ation (Table 1).

Increased height or increased growth spurt

In the 12 studies on height or increased growth there
were inconsistent estimates of association for the rela-
tionship between these and back pain (Table 1). Overall
height does not appear to be a risk factor for back pain.
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However, the occurrence of ‘growth spurts’ has been
found to be positively associated with back pain.

Pubertal status

As demonstrated in Table 1, in the six studies that re-
ported on pubertal status and back pain, there was an
association with back pain typically seen in those with
an advanced pubertal status.

History of back pain

Three studies reported on history of back pain and risk
of further back pain (Table 1). All studies found a posi-
tive association with odds ratios >2.7.

Bidirectional variables

Physical activity and work

Ten studies considered physical activity and/or work as
a potential risk factor of back pain. Six studies reported
that with certain types of physical activity or work there
was an increased prevalence of back pain, whereas four
studies found no association (Table 2). It appears certain
types of work such as white-collar work or manual work,
and vigorous or high levels of physical activity may be
associated with back pain.

Psychosocial factors

In the seven studies that tested psychosocial factors as
risk factors of back pain, four studies found an increased
risk of back pain, while three studies found no associ-
ation (Table 2). Some psychosocial factors (depression,
anxiety and ‘peer problems’) were associated with back
pain while internalising, anxiety sensitivity, dysfunctional
coping, and catastrophizing were not associated with fu-
ture back pain.

Body mass index

In the eight studies that reported on BMI and back pain
(Table 2), three studies reported an increased prevalence
and five studies found no association (Table 2). There
were inconsistent estimates of association, with insuffi-
cient evidence to conclude that there is a relationship
between BMI and back pain.

Smoking

In the six studies that reported on smoking and back
pain (Table 2), all found a positive association between
the two. It does appear that smoking has some relation-
ship with back pain.

Systemic factors /illnesses

Four studies tested systemic factors or illnesses as poten-
tial risk factors of back pain. Three studies found posi-
tive associations whereas one found none (Table 2).
Associations with back pain were stronger with certain
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Variable Number of Number of studies: Number of studies: Number of studies Strength of association

studies Increased risk i not significant (95% CI)

Female sex 53 32 18 Positive association: OR 1.1 (1.1, 1.2) [59]
R 1.9 (14, 20) (c) [10] OR 1.9 (1.7, 22) [64]
R1.9(14, 24) (c) [16] OR 2.1 (16, 2.7) [66]

OR 24 (1.9,3.1) (LBP), OR PR 1.1 (1.1, 1.2) [69]
2.2 (1.6, 29)(MBP) (c) 171 PR 1.2(1.1,1.3) [70]
R 1.6 (1.2, 2.0) [26] OR 1.6 (1.3, 2.1) [74]
1.7 (14, 2.1) (c) [28] OR 18 (1.2, 27) (c) [76]
1.6 (1.4, 2.0) (c) [29] OR 46 (18, 11.7) [78]
OR77(4? 126)) [34] OR 22 (16,29 [77]
1.7 (1.5, 20) [39] OR 24 (1.9,32) [79]
OR 3(14,33) [42] OR 16 (1.3, 20) (0 [81]
OR 1.5 (1.2, 1.8) [43] OR 1.8 (1.3, 24) (o) [83]
OR 22 (14, 33) [44] OR 27 (1.2, 6.1) [84]
OR 1.5 (1.1, 1.9) [45] Females: 28%, Males
OR 1.5 (1.1, 1.9) [47] 19% [85]
CR 24 (1.7,33) [51] OR 1.9 (1.3, 3.0) [89]
OR 1.5 (1.0, 2.1) [53] Negative association:
OR 2.1 (1.6, 2.9) [54] Males: HR 3.2 (2.7, 3.7)
OR14(1.0,21) (0 [58]  [27]
OR 06 (04, 08) [50]
OR 03 (0.2, 05) (c) [68]
Older Age 34 19 13 Positive association:
OR 2.9 (2.6, 3.3) () [32]
R 1.5 (1.1, 2.3) [35]
OR (17 index), 21 yr 2.2
(1.2,42),23yr 32 (17, 6.2),
24yr 28 (15, 5.3) [42]
OR (10-11 index), 12-14 yr:
1.1 (1.1, 1.3) [47]
R 1.1(1.1,1.2) [51]
(15 index) 16/17yr OR 1.7
(12,23),18/19yr:. OR 1.8
(1.2, 2.8) [53]
14 to 15yr: 64% increase [54]
OR 1.2 [58]
r0.2[61]
(17/18 index), 21+ yr: OR
16 (1.2, 2.1) [65]
(10-12 index), 13-16yr: OR
1.5 (1.2, 2.0) [66]
(per year): OR 1.2 (1.1, 14) [72]
R 1.2 (1.1, 1.3) [74]
Older 25.1%, younger
adolescents 12.4% [75]
(12 index), 14yrs: OR 1.3
(1.1, 1.7) [80]
Younger age: OR 1.5 (males),
OR 14 (females) (81]
11yr 18%, 14yr 34% (girls)
11yr 14%, 14 yr 25%
(boys) [85]
R 1.3 (1.1, 1.7) [88]
OR 13 (1.2-14) [89]
Negative association:
Younger age: OR 0.2
(0.1, 0.6) [46]
OR 0.5 (04, 06) [67]

Positive family history 19 15 4 OR 36 (1.3,10.2) [11] OR 1.7 [58]

OR 2.1 (14, 3.1) [35] OR 1.8 (15, 20) [64]

OR 2.0 (1.1,4.0) [36] PR 1.2 (1.2, 1.3) [69]

OR 26 (14, 59) [38] PR 1.2 (1.1, 1.3) [70]

OR 2.1 [40] OR 20(1.2,33) [72]

OR 3.8 (2.9, 59) [41] OR 23 (1.2,47) [89]
R 1.8 (1.4, 24) [43] OR 26 (1.9, 36) [90]

OR: 1.5 (1.1, 1.9) () (48]

Socioeconomic factors 15 7 8 Higher Socioeconomic index:
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Table 1 Summary of temporal precursor variables: crass-sectional and prospective studies (Continued)

Variable Number of Number of studies:

studies Increased risk Decreased risk

Number of studies:

Number of studies Strength of association
not significant (95% ()

Increased height or 12 4 1
increased growth spurt

Later pubertal status 6 4 1

History of back pain 3 3 0

OR 0.8 (0.7, 1.0) [34]

Higher social class: OR: 0.9

0.8, 0.9) [55]

Parental low level of education:
OR 1.8 (1.1, 20) [62]

Ethnicity: (Index white)

Asian PR: 1.2 (1.1, 14),
indigenous PR: 1.4 (1.3, 1.5) [70]
Non-white: PR 14 (1.0, 1.9) [71]
Location (index peripheral center)
Urban centre: OR 3.1 [73]
Residence: 52% (city), 43%
(village) [83]

7 High growth spurt: OR 3.1
(15,60) [4]
linear growth: IRR 1.2
(1.2,1.2) (18]
Shorter than median height
(158.cm): RR 2.1 (1.2, 3.8) [23]
Height: OR 1.2 (1.0-1.5) [31]
Taller: t test — 3.3 [58]

1 Positive association
IRR 1.5 (1.2, 2.0) (Tanner stage 2),
IRR 2.1 (15, 3.0) (Tanner stage 3)
\RR 33 (2.1, 5.0) (Tanner stage 4/5) [18]
6 (1.3, 20) (USA), OR 1.3
(1.1 1.6) (Dutch) [22]
OR 2.0 (girls), OR 1.9 (boys) [63]
Stage 4: OR 2.0 (1.3, 3.5), stage 5:
OR 2.1 (1.1, 1.4) [86]
Negative association:
HR 0.6 (0.5, 0.8) (males) [27]

0 BP in adolescence for BP in
adulthood: OR 4.3 (35, 54) [21]
History of BP: OR 2.7 (1.1, 7.1)
(ever), OR 9.1 (3.0, 27.2) (> 7 days) [33]
History of BP: OR 7.7 (4.7-12.6)
(girls) [34]

OR odds ratio, PR prevalence ratio, HR hazard ratio, RR relative risk, /RR incidence rate ratio, LBP low back pain, MBP mid back pain, BP back pain, (c): parameter
measure calculated from the provided results within study i.e. percentages converted to odds ratios

systemic diseases such as having asthma, headaches, ab-
dominal pain, and colds/minor illnesses. These may be
co-morbidities to back pain, meaning that one could be
a precursor to the other or they could have a common
cause.

Spinal posture and sitting posture

Four studies reported on certain aspects of posture and
back pain (Table 2). All four studies indicated that from
a preliminary viewpoint abnormal spinal posture and
certain sitting positions were associated with back pain.

Sleep

As seen in Table 2, in the three studies that reported on
sleep and back pain, there was a positive association be-
tween back pain and insufficient sleep.
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Flexibility

Three studies tested muscle flexibility as a risk factor for
back pain (Table 2). Two studies found a positive associ-
ation with decreased flexibility of hamstrings or quadri-
ceps, and back pain, while one study found no association.

Screen time

Three studies reported inconsistent estimates of associa-
tions between screen time and back pain. One study re-
ported a higher prevalence of back pain with increased
television time, whereas two reported none (Table 2).

Backpack factors

In three studies, there were inconsistent estimates of as-
sociation between backpack factors and back pain. One
study of these three reported a higher prevalence of back
pain with a heavier school satchel (Table 2).
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Table 2 Summary of bidirectional variables
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Variable Number — Number of Number of studies: Number of studies Strength of association (95% Cl)
of studies  studies: Increased  Decreased risk not significant
risk
Physical 10 6 0 4 Playing sport OR 9.5 (1.9, 48.2) [11]
activity/work White collar work OR 4.9 (1.7, 14.2) [13]
Vigorous intensity physical activity: OR 1.2 (1.0-14)
(diagnostic spinal pain) OR 1.3 (1.0-1.5) (traumatic) [15]
High level sports activity RR 1.6 (1.1, 2.3) [24], Part-time
work RR 1.5 (1.1, 2.1) [24]
Provoked by manual work: OR 9.2 (2.9, 28.8) [33]
Increased physical activity OR 1.9 (1.2, 2.8) [34]
Psychological 7 4 0 3 High level of peer problems: RR 2.3 (1.3, 4.2) [23]
factors High level of psychological factors: RR 1.6 (1.1, 2.3) [24]
Externalising behaviour: RR 1.5 (1.3, 1.7) (boys), RR 1.4
(1.3, 1.5) (girls), RR 3.6 (1.5, 8.5) (girls 18) [28]
High levels of aggressive behaviour OR 1.4 ( 6) [34]
High level of somatic complaints OR 1.3 (1.1 ) [34]
Higher BMI 8 3 0 5 OR 13 (1.0, 15) [11]
RR 1.1 (1.0, 1.2) (girls), RR 1.1 (1.0, 1.3) (boys) [29]
OR 29 (1.7, 5.1) (9yn), 22 (14, 3.5) (10yn), 16 (1.2, 2.1)
(13yr) [32]
Smoking 6 6 0 0 OR 2.2 (14, 35) [4]
OR24 (13,60 [1 4]
OR 3.1 (1.1,92) (MB), 1.8 (1.2, 2.8) (BP) [17]
R 1.7 (14, 2.1) [19]
R16(1.4,1.9) [27]
OR 2.5 (1.4, 45) (females) [30]
lllness 4 3 0 1 Asthma OR 1.4 ( 7) (female) [20]
Headache OR 1 6 ( , 2.1) (female), OR 2.4 (1.2, 4.7)
(male) [20]
Abdominal pain RR 1.8 (1.1, 3.0) [24]
Headache OR 24 (1.8, 3.1) [26]
Posture/ 4 4 0 0 No LB support: OR 1.7 (1.2, 2.6), OR 2.9 (1.1, 3.5)
sitting (persistent LBP) [25]
position Provoked by sitting OR 3.8 (1.3, 11.3) [33]
Non-neutral standing posture OR 2.2 (1.3, 3.6) [34]
Uncomfortable school desk OR 6.0 (3.7, 9.7) [35]
Insufficient 3 3 0 0 OR 2.8 (1.7, 5.2) (girls), OR 24 (1.3, 4.5)(boys) [10]
sleep OR 2.2 (1.7, 3.8) [35]
OR 1.2 (1.1, 1.4) [36]
Flexibility 3 2 0 1 Decreased flexibility: hamstrings OR 1.1 (1.0, 1.1) [4]
Decreased flexibility: quad muscles: OR 1.7 (1.1, 2.8) [25]
Screen time 3 1 0 2 Increased TV time OR 2.0 (1.4, 2.9) [35]
Backpack 3 1 0 2 Heavy schoaol satchel OR 2.2 (1.0, 48) [36]
factors
Muscle 1 1 0 0 Poor back muscle endurance OR 1.9 (1.2, 3.0) [34]
endurance

OR odds ratio, RR relative risk, HR hazard ratio, (c) parameter measure calculated from the provided results within study i.e. percentages converted to odds ratios

Muscle endurance

In the one study that tested muscle endurance as a risk
factor of back pain, it was found that those with poor
back muscle endurance had a positive association with
back pain (Table 2).

Discussion

Overall summary of potential risk factors from all studies
Considering the existing literature, the factors found
to be likely risk factors or triggers for back pain are
female sex, older age, advanced pubertal status, high

growth rate, positive family history of back pain, a
history of back pain, smoking, and insufficient sleep.
Most of these factors are temporal precursor. Further,
they are mostly biological and non-modifiable, making
them ineligible targets for preventative interventions.
No association or weak associations were noted with
increased screen time and work. There were mixed
results for muscle flexibility, socioeconomic status,
backpack-related factors, anthropometric measures in-
cluding height and weight, and physical activity.
There was limited research for systemic/illness
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factors, muscle endurance, spinal posture, and sitting
position (Table 3).

Implications of results
Previous systematic reviews found the most likely risk fac-
tors for back pain in young people to be female sex [91—
93], older age [91, 92, 94], advanced pubertal status [95],
positive family history of back pain [96], and a previous
history of back pain [93, 97]. We advanced this knowledge
by further considering the temporal relationship between
the risk factors and back pain and we concluded that the
most likely risk factors or triggers for back pain are pre-
dominantly biological. For example, the genetic compo-
nent of back pain is potentially large [98]. A systematic
review found that estimates of heritability effects ranged
from 21 to 67% [99]. However, environmental exposures
also have an effect, so the question arises; how large is this
effect? This question could be addressed through further
twin control studies. Twin studies have an advantage of
reducing confounding due to genetics and can be utilised
to explore the potential causal pathway between environ-
mental factors, co-morbidities and back pain [99].
Considering the strength of associations, some fac-
tors were statistically linked to back pain, but the
next question arises, are they important on a clinical
or individual level?

Table 3 Summary of Potential Risk factors
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Another issue to consider is that individual associa-
tions may well be relatively weak, but it is possible that
combination of factors or the addition of factors could
increase the risk of back pain rather than individual fac-
tors. This idea has been proposed previously through a
dynamic multifactorial and recursive model of aetiology
[100]. This model emphasizes the importance of investi-
gating intrinsic predisposing factors along with the ex-
trinsic factors that interact together to make an
individual vulnerable to injury [100]. Certain predictive
risk factors could predispose individuals to back pain,
and then in combination with other potentially causal
risk factors, the individual could develop back pain. For
example, girls (factor 1) with advanced pubertal status
(factor 2) could be susceptible to back pain that is subse-
quently caused by vigorous physical activity (factor 3).
Therefore, from a clinical perspective, it might be im-
portant to consider the person as a whole.

Limitations of the current literature

The foremost limitations of the current literature are
that the majority of studies are cross-sectional, or if lon-
gitudinal, most do not start data collection before the
onset of back pain. To investigate temporality, one cri-
terion to establish causal relationships, risk factors
should be captured before the inception of the disease
[101]. Therefore, the conclusions of this scoping review

Potential risk factor Likely
Female sex

Older age/ advanced pubertal status
Positive family history of back pain
Increased growth spurt

History of back pain

Smoking

> X X X X X

Insufficient sleep
Increased screen time X
Work X
Psychosocial factors

Muscle flexibility

Socioeconomic status

Backpack related factors

Height and weight

Physical activity

Spinal posture

Sitting position

Systemic/illness factors

Muscle endurance

Weak/no significance

Mixed results/ inconsistent Limited research

> X X X X X

> X X X
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are limited to demonstrating association and not caus-
ation. Additionally, the definitions of ‘back pain’ vary
from study to study (Additional files 4 and 5), this
means it is not clear whether authors are considering
back pain as a disease or an episode [101], or whether
they are asking about back pain currently, for the past
week, for the past month, or for the past year. Although
the purpose of this review was to include risk factors or
triggers for pain the thoracic and/or lumbar spine, some
of the included studies included spinal pain in general
[9, 15, 16, 18, 35, 39, 86—-89]. While other studies in-
cluded back pain without a clear definition of location
[22, 26, 49, 50, 56, 61, 63, 69, 70, 74, 81], and there-
fore it is unclear what they were looking at. As the
definitions on back pain are not always clear or in-
consistent it is difficult to make clear definitive
statements.

Limitations of this review

A potential limitation of the validity of data collected
in this scoping review is that only one researcher
screened and conducted data charting. Nevertheless,
articles were screened twice, by the same reviewer,
and a second researcher verified the process, which is
consistent with the PRISMA-ScR guidelines. Only two
key databases were searched, and articles were limited
to English language. Consequently, we may have
missed some articles. Nevertheless, this type of litera-
ture is quite stereotyped, for which reason it is un-
likely that any missing articles would be of
significance.

There were some contradictory findings in our re-
sult tables. Contradictory findings often result from
differences in study populations, definitions of the
outcome or independent variables, and differences in
data quality. However, due to the nature of scoping
reviews, which lack the critical approach of system-
atic reviews, such contradictions cannot be inter-
preted. Due to the nature of conflicting data the
summary of potential risk factors is indicative but
not unequivocal.

Recommendations for future research
Future studies should collect data from the inception
of back pain by following the population from earlier
life, if searching for causes of the ‘disease’ back pain.
They should additionally collect data on proposed
risk factors before the onset of back pain. If studies
are attempting to identify triggers of future events,
back pain episodes must be separated by non-
episodes.

As highlighted within this scoping review (Add-
itional files 4 and 5), future research should ensure
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that data are collected with a clear definition of back
pain and ideally measured through a validated ques-
tionnaire. Additionally, future research should be
more innovative in the way that risk factors are con-
sidered. This could be through statistical approaches
including cumulative exposures, or longitudinal ap-
proaches such as multi-trajectory methods and
through the use of twin studies.

Conclusion

Many of the included studies approached identifying risk
factors in similar ways and found factors that were asso-
ciated with back pain but were not obvious risk factors
as causality was uncertain. Obviously, the time has come
to approach this problem in other ways. It is our opinion
that future research should be more rigorous and in-
novative in the way that risk factors for back pain are
considered.

Supplementary information
Supplementary information accompanies this paper at https://dol.org/10.
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Summary of Chapter Two (Parts | and Il) and link to next chapter

Based on the evidence contained within part | of this scoping review, the risk factors
most consistently reported as being associated with incident back pain in the reviewed
studies were female sex and older age. When we consider all the literature (including
studies that have unclear or mixed definitions of back pain- part Il) the most likely risk
factors or triggers are female sex, older age, later pubertal status, high growth rate,
positive family history of back pain, and a prior history of back pain. Limited research
was identified for systemic/illness factors, muscle endurance, spinal posture, and sitting

position.

Most of the included studies were found not to provide an adequate definition of
back pain; therefore, it was unclear if they included populations with incident, episodic,
or ongoing back pain. This lack of clarity with respect to definitions for back pain
resulted in an inability to directly compare studies and reach more definitive
conclusions. Many studies were cross-sectional, or if longitudinal, were not inception
cohorts. Therefore, the results are mainly restricted to associations and we were unable

to determine the existence of causal relationships.

Notably, based on the results from this scoping review, we saw the importance of
considering sex and age as covariates in our future analyses. Further, we determined
that it was important to consider physical illnesses and psychological factors as potential

risk factors for back pain. This was accomplished using a systematic review.
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Chapter Three- Systematic review: Chronic physical
illnesses, mental health disorders, and
psychological features as potential risk factors for

back pain from childhood to young adulthood

After taking a broad look at the literature within the scoping review, we focussed on
chronic physical ilinesses, mental health disorders, and psychological features as
potential risk factors for back pain from childhood to young adulthood using systematic

review methodology.

This work underwent peer-review and is published as:

Beynon AM, Hebert JJ, Hodgetts CJ. Boulos LM, Walker BF. Chronic physical
ilinesses, mental health disorders, and psychological features as potential risk factors for
back pain from childhood to young adulthood: a systematic review with meta-analysis.

Eur Spine J 29, 480-496 (2020). DOI: 10.1007/s00586-019-06278-6

As of 24/02/2021: Article accesses: 591. Citations: 3. Altmetric: 18
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Abstract

Purpose To report evidence of chronic physical illnesses, mental health disorders, and psychological features as potential
risk factors for back pain in children, adolescents, and young adults.

Methods This systematic review and meta-analysis included cohort and inception cohort studies that investigated potential
risk factors for back pain in young people. Potential risk factors of interest were chronic physical illnesses, mental health
disorders (e.g. depression, anxiety), and other psychological features (e.g. coping, resistance). Searches were conducted in
MEDLINE, Embase, CINAHL, and Scopus from inception to July 2019.

Results Nineteen of 2167 screened articles were included in the qualitative synthesis, and data from 12 articles were included
in the meta-analysis. Evidence from inception cohort studies demonstrated psychological distress, emotional coping problems,
and somatosensory amplification to be likely risk factors for back pain. Evidence from non-inception cohort studies cannot
distinguish between risk factors or back pain triggers. However, we identified several additional factors that were associated
with back pain. Specifically, asthma, headaches, abdominal pain, depression, anxiety, conduct problems, somatization, and
‘feeling tense’ are potential risk factors or triggers for back pain. Results from the meta-analyses demonstrated the most
likely risk factors for back pain in young people are psychological distress and emotional coping problems.

Conclusion Psychological features are the most likely risk factors for back pain in young people. Several other factors were
associated with back pain, but their potential as risk factors was unclear due to risk of bias. Additional high-quality research
is needed to better elucidate these relationships.

Graphic abstract
These slides can be retrieved under Electronic Supplementary Material.
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CI Confidence intervals
N Number of participants
SD Standard deviation
NR Not reported

NA Not applicable

BP Back pain

LBP Low back pain

MBP Mid-back pain

s Beta

BMI Body mass index
Introduction

Low back pain is the leading cause of years lived with
disability worldwide [1] and affects people of all ages,
including children [2, 3]. Low back pain etiology is com-
plex and has many contributors, including social factors,
physical factors, psychological factors, and certain comor-
bidities [4].

Asthma, allergies, and depression are reportedly asso-
ciated with low back pain from adolescence to adulthood
[5, 6]. A systematic review and meta-analysis of cross-sec-
tional twin studies found that young people and adults with
chronic conditions such as asthma, diabetes, and headaches
were more likely to report low back pain (pooled OR range
1.6-4.2) [7]. Respiratory and digestive disorders also dem-
onstrate cross-sectional and longitudinal associations with
back pain in adults [8, 9]. Similarly, a history of cardiovas-
cular disease is associated with increased risk of chronic low
back pain in adults [10]. A large Canadian National Popu-
lation Health Survey reported that adolescents and adults
living with major depression were almost three times more
likely to report back pain 2 years later [11].

Some etiological studies report risk factors for back pain,
while others report factors that are associated with back pain.
Risk factors are variables that are causally related to a change
in the risk of a health process, outcome, or condition [12].
In back pain research, it is important to distinguish between
potential risk factors that cause the initial onset of pain and
triggers that may precipitate an episode of pain [13]. Studies
investigating potential risk factors and triggers of back pain
have often included adult populations in which it is difficult
to identify disease-free (i.e. no history of back pain) cohorts.
It would, therefore, be of value to consider young popula-
tions, ideally before the onset of back pain, to determine
whether chronic illnesses and mental health conditions are
in fact risk factors for back pain rather than comorbidities.

The purpose of this systematic review was to investigate
whether chronic physical illnesses, mental health disorders,
and psychological features are potential triggers or risk fac-
tors for back pain in children, adolescents, and young adults.

Methods

The study protocol was prospectively registered with Pros-
pero (CRD42019119226). This systematic review and meta-
analysis adhere to the Preferred Reporting Items for System-
atic Review and Meta-Analysis [14] and to the Meta-analyses
Of Observational Studies in Epidemiology guidelines [15].

Eligibility criteria

We included original peer-reviewed cohort or inception
cohort studies that investigated potential risk factors for pain
in the thoracic and/or lumbar spine (i.e. back pain) in chil-
dren, adolescents, and young adults. Potential risk factors
of interest were chronic physical illnesses such as cardio-
vascular disease, respiratory tract disease, digestive system
disease, endocrine disease, or immune system disease, as
well as mental health disorders (e.g. depression, anxiety), or
other psychological features (e.g. coping, resistance). Back
pain outcomes were either self-reported or clinically evalu-
ated. We excluded studies when the mean baseline age was
greater than 24 years of age. We did not exclude studies
based on the language of publication.

Search strategies

Systematic searches were conducted in MEDLINE (Ovid
MEDLINE and Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Daily and Versions), Embase,
CINAHL with Full Text, and Scopus from inception to 30
July 2019. Reference lists of included papers were searched
to identify other potentially suitable studies.

The search was conducted by a health librarian (LB),
using a back pain filter developed for the Cochrane Back and
Neck Group. Due to the large recall of the search, scope was
limited to risk factors by employing the causation (etiology)
best balance filter developed by the McMaster Hedges Team
[16]. We applied a modified age filter to identify paediatric
studies [17]. A study-type filter was adapted from the SIGN
Observational Studies filter; cross-sectional study queries
were removed [18]. The full search strategies for each data-
base are listed in Online Resource 1.

Search results were imported into bibliographic manage-
ment software (EndNote X9.2) and duplicates discarded.

Study selection, data extraction, and risk of bias
Titles and abstracts were screened by two researchers (AB
and CD or CH) against the eligibility criteria. The full text

of possibly relevant papers was obtained and again assessed
against the same criteria (AB and CH). Disagreements were
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resolved through consensus between the reviewers and con-
sultation with a third review author when necessary.

Data from included studies were extracted by two review
authors (AB and CH) using a data collection form based
on the Checklist for critical Appraisal and data extraction
for systematic Reviews of prediction Modelling Studies
(CHARMS) guideline [19]. Data collection forms were
piloted on four studies prior to full data extraction. The pilot-
ing process did not result in changes to the form. Disagree-
ments were resolved through consensus or consultation with
a third review author.

Included articles were assessed for risk of bias by two
review authors (AB and CH) with the Quality In Prognos-
tic Studies (QUIPS) tool [20, 21] (Online Resource 2). We
made minor modifications to the QUIPS tool by adopting
risk factor language, rather than prognostic factor language,
by changing the word prognostic to risk. Six domains were
assessed for risk of bias including study participation, study
attrition, risk factor measurement, outcome measurement,
study confounding, and statistical analysis and reporting. A
study with a low overall risk of bias required the majority
of the six domains to be scored as a low risk. A study with
moderate risk of bias overall would have some items rated as
moderate risk of bias within the study. A study with overall
high risk of bias would have significant flaws with an associ-
ated risk of bias in relation to some of the six domains [20].

Summary of findings and synthesis of results

The characteristics of included studies were tabulated for
comparison. Potential risk factors were assessed by the num-
ber of times investigated, number of times the factor was
found to be associated with the outcome of interest, and the
strength of the associations.

Meta-analysis of reported odds ratios (OR) and risk
ratios (RR) with 95% confidence intervals [95% CI] were
performed using Comprehensive Meta-Analysis v3 software
(Biostat, Inc., USA). Data from studies reporting multiple
potential risk factors within the same domain (e.g. ‘emo-
tional coping problems’ and ‘feeling tense or stressed’) were
first combined with fixed effect models to account for the
lack of independence between study outcomes [22]. We
then applied random effects models to pool data between
studies [22]. Where possible, odds ratios were converted to
risk ratios as RR=0R/(1 — P,+ (P, x OR), where P, is the
baseline risk or the incidence of the outcome of interest in
the non-exposed group [23, 24]. Studies were assessed for
statistical heterogeneity using I* [22, 25]. Although there is
no agreement on I” interpretation, we applied the follow-
ing criteria: 0-40% represented low heterogeneity, 30-60%
represented moderate heterogeneity, 50-90% represented
substantial heterogeneity, and 75-100% represented consid-
erable heterogeneity [25]. Meta-analysis was not considered
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unsuitable purely due to high /% values, given that the indi-
vidual study estimates were within a reasonable range [26,
27].

Potential risk factors were included in the meta-analysis
when data were available from two or more studies. Physi-
cal illness and mental health risk factors were considered
individually. However, when studies reported on many dif-
ferent psychological features, we further categorized these
factors into seven domains: peer problems, emotional coping
problems, conduct problems, hyperactivity, somatosensory
amplification, feeling tense or stressed, and fatigue/tiredness.

Results
Study selection

We identified 3097 articles through searching databases and
one additional record through searching the relevant refer-
ences lists. After duplications were removed and records
screened, 19 articles (N=34,279 participants) met the
selection criteria and were included in the qualitative syn-
thesis. From these, 12 articles (N=25,372 participants) were
included in the meta-analysis (Fig. 1). Seven studies were
excluded from the meta-analysis owing to methodological
or clinical heterogeneity.

Study characteristics

Of the 19 included studies, 16 were prospective cohort
studies [5, 28-42] and three were inception cohort studies
[43-45]. Study populations were from Australia [30, 33, 41],
Canada [32, 42, 44], England [35, 36], Finland [34, 39], UK
[40, 45], China [29], Denmark [5], Germany [43], Norway
[38], Sweden [28], Thailand [37], and USA [31]. The char-
acteristics of all included studies are reported in Table 1.

Risk of bias assessment

Risk of bias results are presented in Table 2. Two studies
were rated as low risk of bias, 12 studies were at moderate
risk of bias, and five studies were at high risk of bias. Com-
mon sources of bias included study attrition, study partici-
pation, and outcome measurement. Study attrition concerns
comprised either a high attrition rate or when reasons for
drop out were not reported. Regarding study participation,
the source population and/or the inclusion and exclusion
criteria were often poorly described. The back pain meas-
ures were often unclear; many studies did not use validated
questions and/or did not clearly specify the type of back pain
(e.g. ongoing, episodic or first time). Many studies did not
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Records identified through database searching
N=3097

(Medline N=1210, Embase N=1335,
CINAHL N=504, Scopus N=48)

Additional records identified
through other sources

(N=1)

(N=2167)

Records after duplicates removed

v

Records screened
(N=2167)

Records excluded
(Irrelevant from title N=1512)
(Irrelevant from abstract N=546)

v

A

for eligibility
(N=109)

Full-text articles assessed

Full-text articles excluded,
with reasons
Exclude: N=90

A

Reasons:

Studies included in

(N=19)

qualitative synthesis

Adult population: N=18
Prevalence study: N=2
Not relevant risk factors: N=41
Widespread pain: N=9

A

Cross-sectional: N=10
Review article/Commentary: N=3

Studies included in

(meta-analysis)
(N=12)

quantitative synthesis

Conference Proceedings: N=7

Fig. 1 Study selection flow diagram

report a clear delineation of the area of the back under study,
such as with pain diagrams.

Summary of findings

Five prospective cohort studies [5, 29, 35, 36, 40] and one
inception cohort study [44] investigated physical illnesses,
eight prospective cohort studies investigated mental health
disorders [29-33, 38, 41, 42], and 15 studies considered
different psychological features as potential risk factors for
back pain [28, 29, 31, 33-37, 39-45], of which three were
inception cohort studies [43—45]. An overview of the results
from all included studies is reported in Table 3.

Physical illnesses

Four cohort studies reported on headaches as a potential
risk factor for back pain [5, 29, 35, 36], with two studies
reporting no association [35, 36], and two studies report-
ing increased odds of back pain (OR [95% CI]=2.5 [1.6,
4.1]1 (n=6554) [5], OR [95% CI)=4.5[1.8, 11.5] (n=212)
[29]). Abdominal pain was evaluated in three cohort stud-
ies [35, 36, 40]; two studies reported an increased risk of
back pain (RR [95% CI]=1.8 [1.1, 3.0] (n=933) [36], RR
[95% CI]=1.8 [1.3,2.4] (n=3271) [40]) among participants
with previous abdominal pain, and one study reported no
association [35]. One inception cohort study [44] and one
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cohort study [40] reported no association between any ill-
ness or medical condition and back pain [40, 44]. In one of
these studies, all chronic medical conditions were combined
including: arthritis, asthma, missing fingers, blindness, and
speech problems [44]. The other study included any ‘serious
illnesses’ from O to 15 years of age [40]. One cohort study
reported no association between atopic disease and subse-
quent back pain [5]; however, children and young adults with
asthma demonstrated increased odds of back pain (OR [95%
CI]=1.3[1.1, 1.6] (n=6554) [5]).

Mental health disorders

Five cohort studies considered overall mental health status
as a potential risk factor for back pain [30, 32, 38, 41, 42],
three of these studies found positive associations [30, 38, 42]
with increased odds in one study (OR [95% CI]=1.6 [1.1,
2.4] (boys), OR [95% CI]=1.5 [1.1, 1.9] (girls) (n=3316)
[38]). Two studies reported no association between over-
all mental health status and back pain [32, 41]. Regarding
depression, two cohort studies found positive associations
[31, 33] with increased odds of back pain in one study (OR
[95% CI]=1.05[1.02, 1.08] (n=1291) [33]); however, this
study only reported an association between depression and
mid-back pain, but not with low back pain [33]. Only one
cohort study considered anxiety as a potential risk factor and
found increased odds of back pain (OR [95% CI]=4.6 1.9,
11.1] (n=212) [29]).

Psychological features

Many different psychological features have been consid-
ered as potential risk factors for back pain. Six studies
considered overall psychological state [34-37, 44, 45], of
which three found no association [34, 35, 37], two incep-
tion cohorts reported increased odds of back pain (OR
[95% CI]=1.8 [1.1,3.2] (n=1928) [44], OR [95% CI]=2.5
[1.6, 3.9] (n=5781) [45]), and one cohort study found an
increased risk of back pain (RR [95% CI]=1.6 [1.1, 2.3]
(n=933) [36]). Individual psychological features reported
to be associated with back pain from cohort studies include
conduct problems (RR [95% CI]=2.5[1.7, 3.7] (n=933)
[36], RR [95% CI]=2.1[1.3, 3.4] (n=3271) [40]), soma-
tization (OR [95% CI]=1.3[1.1, 1.5] (n=1088) [41]), and
peer problems (RR [95% CI] 2.3 [1.2, 4.2] (n=178) [35]).
Individual psychological features reported as risk factors
with back pain from inception cohort studies include emo-
tional or behavioural disorders (OR [95% CI]=1.87 [1.02,
3.41] (n=1928) [44]), dysfunctional coping (OR [95%
CIl=1.41T1.1, 2.0] (boys) (n=2040) [43]), anxiety sensi-
tivity (OR [95% CI]=1.5 [1.1, 2.0] (boys) (n=2040) [43],
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Table 2 Risk of bias assessment: modified QUIPS

Study Study participation Study attrition Risk factor ~ Outcome Study confounding Statistical analy- Overall rating
measure- measure- sis and reporting
ment ment

Barke (2014) High High High High Moderate Low High
Brattberg (1994) Moderate High High Moderate ~ High High High
Cheung (2010) Low High Moderate Low Low Low Moderate
Coenen (2016) Moderate High Low Low Low Low Moderate
Dunn (2011) Low Moderate Low High High Moderate High
Feldman (2001) Low Low Low Moderate Low Low Low

Gill (2014) Moderate Moderate Low Moderate Moderate Low Moderate
Gustafsson (2018) Moderate Moderate Low Moderate Low Moderate Moderate
Hestbaek (2006) Moderate Moderate Moderate Low Low Low Moderate
Jones (2009) Moderate High Moderate Moderate Low Low Moderate
Jones (2003) Moderate Moderate Moderate Moderate Low Low Moderate
Kanchanomai (2015) Low High Low Moderate  High Moderate High
Lien (2011) Low High Low High Low Low High
Mikkonen (2016) Moderate High Low Moderate Low Low Moderate
Mustard (2005) Moderate High Low Low Low Low Moderate
Muthuri (2018) Low Moderate Low Moderate Low Low Moderate
Power (2001) Moderate High Low Moderate Low Low Moderate
Smith (2017) Low High Low Low Low Low Low
Stanford (2008) Low Low Low Moderate Low Low Moderate

and somatosensory amplification (OR [95% CI]=1.8 [1.0,
3.1] (girls) (n=2040) [43]).

Meta-analysis
Physical illnesses

Only one study reported on asthma and atopic disease
[5]; therefore, these factors were not included in a meta-
analysis. Two studies considered any illness or medical
condition as a potential risk factor for back pain [40, 44];
however, the conditions were too varied to combine in
a meaningful way. We synthesized data from four stud-
ies investigating two types of physical illness [5, 35, 36,
40]. Overall, there was a positive association between
headaches at 11-22 years of age and experiencing back
pain 1-8 years later (pooled RR [95% CI]=1.9 [1.4, 2.6];
n=7665; I’=0.00) (Fig. 2) [5, 35, 36]. Similarly, data
combined from three studies [35, 36, 40] demonstrated
a positive association between abdominal pain at ages
11-14 years and back pain 1-3 years later (pooled RR
[95% CI1=1.7 [1.3, 2.2]; n=4382; I=0.00) (Fig. 2).

Mental health disorders

Mental health disorders including depression, and mental
health status overall could not be included in a meta-anal-
ysis due to the large methodological and statistical het-
erogeneity between the studies. Anxiety was investigated
as a potential risk factor for back pain in only one study.

Psychological features

Eleven studies considering psychological features as poten-
tial risk factors for back pain were included in the meta-
analysis [28, 29, 33, 35, 36, 3941, 43-45]. Of the included
studies, four studies reported risk ratios [35, 36, 39, 40], and
seven studies reported odds ratios [28, 29, 33, 41, 43-45],
odds ratios could not be converted to risk ratios from the
information provided within these studies. Two inception
cohort studies evaluated the role of psychological distress
overall [44, 45]. Participants with psychological distress
had increased odds of back pain (pooled OR [95% CI]=2.2
[1.6,3.1]; n=7709; >=0.00) (Fig. 3). Based on two cohort
studies, psychosocial difficulties were not associated with
increased risk of back pain (pooled RR [95% CI]=1.4 [0.96,
1.97]; n=1111; P=28.56) (Fig. 3) [35, 36].

Emotional coping problems were associated with
increased odds of back pain (pooled OR [95% CI]=1.4[1.1,
1.8]; 3968: I*=0.00) based on two inception cohorts [43, 44]
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(Fig. 3) and (pooled OR [95% CI]=1.4[1.0, 1.8]; n=3062;
I>=186.99) based on four cohort studies (Fig. 3) [28, 29, 33,
41]. There was no association between emotional coping
problems and back pain (pooled RR [95% C1]=1.0 [0.8,
1.3]; n=600; I*=31.45) (Fig. 3) based on data from four
other cohort studies [35, 36, 39, 40]. Having a high level of
‘peer problems’ was not associated with back pain (pooled
RR [95% CI]=1.6 [0.9, 2.8]; n=1111; ?=57.46) (Fig. 4)
[35, 36]. Conduct problems were associated with increased
risk of back pain (pooled RR [95% CI]=1.8 [1.1, 2.9];
n=4382; ’=72.08) (Fig. 4) [35, 36, 40]. Both studies that
considered feeling ‘tense’ or ‘stressed’ or ‘nervous’ found
increased odds of back pain (pooled OR [95% CI|=2.7[1.4,
52]:n=682; I =42.74) (Fig. 4) [28, 29]. Hyperactivity was
not associated with increased risk of back pain (pooled RR
[95% C1]=1.2 [0.9,1.7]; n=1111; 11.31) (Fig. 4) [35, 36].

Discussion
Summary of evidence

This systematic review identified evidence from inception
cohort studies that demonstrated the most likely risk factors
for back pain are psychological distress, as well as psycho-
logical features including emotional coping problems and
somatosensory amplification. Evidence from non-inception
cohort studies cannot distinguish between potential risk fac-
tors or triggers for back pain. However, we identified several

Fig.3 Forest plot of psychological features as potential triggers or »
risk factors for back pain. a Psychological distress overall (incep-
tion cohorts), b psychological difficulties overall, ¢ emotional coping
problems (inception cohorts), d emotional coping problems (OR), e
emotional coping problems (RR) [outcome/subgroup results com-
bined: studies reporting multiple outcomes or subgroups were first
combined (through fixed effect models), accounting for lack of inde-
pendence within study]

additional factors that are associated with back pain. Specifi-
cally, asthma, headaches, abdominal pain, depression, anxi-
ety, conduct problems, somatization, and ‘feeling tense” are
potential risk factors or triggers for back pain. Results from
the meta-analyses demonstrated the most likely risk factors
for back pain in young people are psychological distress
and emotional coping problems. Other factors identified in
the meta-analyses as potential risk factors or triggers are
headaches, abdominal pain, conduct problems, and ‘feeling
tense’,

The current results accord with related systematic
reviews. A previous systematic review and meta-analysis
reported negative emotional symptoms to be a potential
risk factor for musculoskeletal pain during childhood and
adolescence (pooled OR [95% CI] 1.54 (1.06, 2.24) [46].
Another systematic review found good evidence that psy-
chological distress and psychosocial factors increase the risk
of back pain in children [3]. Regarding physical illnesses, a
systematic review and meta-analysis of cross-sectional twin
studies reported that young people and adults with chronic
conditions such as asthma, diabetes, and headaches were

a Headaches
Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Jones 2009 1300 0.506 3.340 0.545 0.586 10.33
Jones 2003 1.600 0942 2718 1.738 0.082 g 32.72
Hestbaek 2006 2.280 1.526 3.407 4.021 0.000 i— 56.95
1916 1415 2595 4204 0.000
2 01 02 05 1 2 5 10
N=7665 I'=0.00 Negative Association Positive Association
Hestbaek 2006: odds ratio converted to risk ratio
b Abdominal pain
Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative R
ratio limit limit Z-Value p-Value weight
Jones 2009 1.500 0.661 3.402 0.971 0.332 9.81
Jones 2003 1.800 1.090 2973 2296 0.022 ® 26.14
Muthuri 2018 1.760 1.277 2425  3.457 0.001 i 64.04
1.743 1.349 2252 4245 0.000
s 01 02 05 1 2 5 10
N=43821=0.00 Negative Association Positive Association

Fig.2 Forest plots of physical illnesses as potential triggers or risk factors for back pain. a Headaches and b abdominal pain
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a Psychological distress overall (inception cohorts)
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative R
ratio limit limit Z-Value p-Value weight
Mustard 2005 1.850 1.101 3.108 2.324 0.020 40.15
Power 2001 2.520 1.648 3.854 4.263 0.000 59.85
2226 1.602 3.092 4.771 0.000
0102 05 1 2 5 10
N= 7709 1°=0.00 Negative Association  Positive Association
b Psychological difficulties overall
Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Jones 2009 1.100 0.668 1.812 0.374 0.708 39.50
Jones 2003 1.600 1.107 2.314 2498 0.012 60.50
1.380 0.964 1976 1.758 0.079
5 01 02 05 1 2 5 10
N=11111"=28.56 Negative A iati Positive A i
c Emotional coping problems (inception cohorts)
Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper Relative R
ratio limit limit Z-Valuep-Value weight
Barke 2014 1.351 1.037 1.760 2.229 0.026 83.89
Mustard 2005 1.870 1.023 3.419 2.033 0.042 16.11
1.424 1117 1.814 2.858 0.004 >
0102 05 1 2 5 10
N= 3968 1°=0.00 gative Association  Positive Association
Outcome and subgroup results combined: Barke 2014
d Emotional coping problems
Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper Relative R
ratio limit limit Z-Valuep-Value weight
Brattberg 1994 1.630 1.006 2.640 1.985 0.047 — 19.24
Cheung 2010 3.120 1.312 7.420 2.574 0.010 — 9.20
Gill 2014 1.010 1.004 1.017 3.032 0.002 37.72
Smith 2017  1.370 1.1569 1.619 3.695 0.000 L J 33.83
1.362 1.007 1.843 2.004 0.045
N= 3062 1’=86.99 0102 051 2 5 10
Negative Association Positive Association
Subgroup results combined: Gill 2014
e Emotional coping problems
Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Jones 2003 1.200 0.800 1.800 0.881 0.378 10— 27.35
Jones 2009 1.500 0.883 2.550 1498 0.134 b 18.64
Mikkonen 2016 0.840 0.558 1.265 -0.835 0.404 27.01
Muthuri 2018 0.840 0.558 1.265 -0.835 0.404 27.00
1.032 0.794 1340 0.234 0.815
N= 600 1’=31.45 0;1 A RN

Subgroup results combined: Mikkonen 2016
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f High level of peer problems
Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Jones 2009 2.300 1.229 4.303 2.606 0.009 —_—1 39.89
Jones 2003 1.300 0.895 1.889 1.376 0.169 60.11
1632 0944 2822 1.754 0.079
0102 05 1 2 5 10
N=1111 |2=57.46 Negative Association  Positive Association
g Conduct problems
Study name Statistics for each study Risk ratio and 95% CI
Risk Lower Upper Relative R
ratio limit limit Z-Valuep-Value weight
Jones 2009 1.100 0.686 1.764 0.396 0.692 32.29
Jones 2003 2.500 1.695 3.688 4.618 0.000 35.78
Muthuri 2018 2.070 1.280 3.349 2.964 0.003 31.93
1.806 1.109 2.940 2376 0.018
2 0102 05 1 2 5 10
N=4382 1'=72.08 Negative Association Positive Association
h Tense or stressed or nervousness
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Brattberg 1994 2.100 1.270 3.471 2.893 0.004 65.28
Cheung 2010 4.236 1.70310.537 3.105 0.002 34.72
2679 1.392 5157 2950 0.003
01 02 05 1 2 5 10
N= 683 |2=42-74 Negative Association  Positive Association
Outcome results combined: Cheung 2010
i Hyperactivity
Study name Statistics for each study Risk ratio and 95% ClI
Risk Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Jones 2009 1.000 0.612 1.633 0.000 1.000 39.04
Jones 2003 1.400 0.956 2.049 1.731 0.084 60.96
1.228 0.890 1.694 1.249 0.211
01 02 05 1 2 5 10

N=1111 1°=11.31

Negative Association Positive Association

Fig.4 Forest plot of psychological features as a potential predictor of
back pain continued. f High level of peer problems, g conduct prob-
lems, h tense or stressed or nervousness, i hyperactivity [outcome/

subgroup results combined: studies reporting multiple outcomes
or subgroups were first combined (through fixed effect models),
accounting for the lack of independence within study]
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more likely to report low back pain (pooled OR range=1.6
to 4.2) [7].

Methodological considerations for included studies

The majority of the included studies were not inception
cohorts, meaning that back pain and potential risk factor
data were collected concurrently, making the temporal rela-
tionship difficult to establish [13]. Many studies reported
high attrition rates, and reasons for loss to follow-up were
often unreported. Other common limitations were that the
source population and/or the selection criteria were not
well described. The outcome measurement (back pain) was
often unclear. Many studies did not specify the temporal
nature of the back pain (ongoing, episodic, or first time).
While some studies applied a clear identification of the
area of the back under study, such as through the use of
pain diagrams, many other studies did not. We intended
to convert odds ratios to risk ratios; however, this was not
always possible owing to insufficient reporting (e.g. lack
of information on back pain incidence or prevalence in the
non-exposed participants).

Methodological considerations for this review

There are no established risk of bias tools for risk factor
studies. We assessed risk of bias with a modified QUIPS
tool that was originally designed for studies of prognosis.
Due to methodological heterogeneity and that there were
many different potential risk factors studied, few studies
could be included together in the respective meta-analy-
ses. Therefore, the syntheses are based on small numbers
of studies and this lends itself to problems estimating
between-studies variance [22]. Future studies are likely to
change these estimates. Furthermore, we were unable to
undertake sensitivity analyses or consider study subgroups
(e.g. low risk of bias studies). Three meta-analyses demon-
strated substantial-to-considerable statistical heterogeneity.

Recommendations for future research

Additional research is needed to understand the etiology of
back pain. Future studies should better delineate between
risk factors responsible for incident back pain cases and
other factors that may be triggers for back pain episodes.
Future research should also apply validated questionnaires
and clearly identify and define the type of back pain under
study (e.g. ongoing, episodic, or first time).

@ Springer
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Conclusion

The most likely risk factors for back pain are psychological
distress, as well as psychological features including emo-
tional coping problems and somatosensory amplification.
Due to the limitations of the literature, the role of some
physical illnesses, mental health disorders, and psychologi-
cal features as potential comorbidities, triggers, or risk fac-
tors for back pain remains unclear. Additional high-quality
research is needed to better elucidate these relationships.
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Summary of Chapter Three and link to next chapter

Using data from inception cohort studies, this systematic review and meta-analysis
identified that the most likely risk factors for back pain in young people were
psychological distress as well as psychological features including emotional coping
problems. Non-inception cohort studies provided evidence that failed to differentiate
between risk factors or triggers. Additional factors that were associated with back pain,
based on the evidence of cohort studies, included asthma, headaches, abdominal pain,
depression, anxiety, conduct problems, somatization, and ‘feeling tense’. We considered

these as potential triggers or risk factors for back pain.

Since most of the included studies were not inception cohorts and because in many
studies the outcome measure for (back pain) was unclear, we concluded that it is not
possible to definitively say if the identified factors were comorbidities, triggers, or risk
factors for back pain. Consequently, the relationship between some physical illnesses,
mental health disorders, and psychological features with back pain remains unclear. To

better understand these relationships, additional high-quality research is needed.

Based on the limitations of the current studies, we decided to utilise methods in line
with current conceptualisation of back pain by using repeated measures of back pain
with clear definitions. There were limited studies that considered physical illnesses as
potential risk factors for back pain in young people, therefore, in the next study we

continued to focus on chronic physical illnesses as potential risk factors for back pain.
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Chapter Four- Early life chronic inflammatory
conditions predict low back pain in adolescence and

young adulthood

There was limited research on physical illnesses as potential risk factors for back
pain in young populations. A plausible biological link between certain illnesses and back
pain is that there is an inflammatory-associated activation of the hypothalamic-pituitary-
adrenal-axis [49]. Alternatively, inflammatory conditions and back pain may share a
common aetiology [51]. Therefore, we investigated for associations between early life
chronic or recurrent inflammatory conditions and low back pain by analysing data from

the Raine Study.
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Abstract

Background: Associations between inflammatory conditions and low back pain
(LBP) have been found frequently in older populations. However, the nature of these
relationships in younger populations is unknown. This study aimed to investigate
the associations between early life chronic or recurrent inflammatory conditions and
impactful LBP in adolescence and young adulthood.

Methods: In this longitudinal study, we used data from the Raine Study Gen?2 par-
ticipants at the 1, 2, 3, 5, 8, 10, 14, 17, 20 and 22-year follow-ups (N = 2,868). Data
were collected on inflammatory conditions from 1 to 22 years of age and occurrences
of impactful LBP from 14 to 22 years of age. Longitudinal and cross-sectional as-
sociations between inflammatory conditions and impactful LBP occurrence were ex-
amined. Potential dose—response relationships between the number of inflammatory
conditions and impactful LBP were also assessed. Logistic regression models were
used in the analysis.

Results: Participants with respiratory or atopic conditions during childhood had in-
creased odds of future impactful LBP in adolescence and young adulthood (odds
ratio (OR) [95% confidence interval (CI)] = 1.29 [1.07, 1.54] and 1.23 [1.02, 1.49],
respectively). There were cross-sectional associations between inflammatory con-
ditions including respiratory, skin, musculoskeletal, autoimmune and atopic condi-
tions, with impactful LBP. Participants with two illnesses and three or more illnesses
had an increased odds (OR [95% CI] =1.68 [1.30, 2.18] and OR [95% CI] =2.12
[1.54, 2.89], respectively) of reporting impactful LBP.

Conclusions: Overall, longitudinal and cross-sectional associations of respiratory
and atopic conditions with impactful LBP in adolescence and young adulthood were
identified. More evidence is needed to determine whether there is a causal relation-
ship between chronic inflammatory conditions and impactful LBP.

Significance: Low back pain (LBP) is a prominent and significant health problem
and associations between inflammatory conditions and LBP have been found fre-
quently in older populations. We found that children with respiratory or atopic condi-
tions and those with several chronic inflammatory conditions are at increased odds
of impactful LBP in adolescence and young adulthood. In clinical practice and future

research, there is a need to consider comorbidities also in younger populations.

Eur J Pain. 2020;00:1-8.
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E)P
1 | INTRODUCTION

Low back pain (LBP) is a prominent and significant health prob-
lem. From early adolescence, LBP is ranked within the top 10
causes of years lived with disability (GBD, 2017 Disease, &
Injury Incidence & Prevalence Collaborators, 2018). The LBP
prevalence increases in adulthood when it becomes the leading
cause of years lived with disability globally (GBD, 2017 Disease,
& Injury Incidence & Prevalence Collaborators, 2018). Low back
pain in adolescence is linked with LBP in adulthood (Hestbaek
et al., 2006a). Many other chronic or recurrent inflammatory con-
ditions commonly commence during childhood including respira-
tory disease, endocrine disorders and digestive system disorders.
In addition, adults with both respiratory and digestive disorders
have an increased prevalence of LBP compared to adults without
respiratory and digestive disorders (Holmberg et al., 2005).

There are a couple of potential mechanisms in which inflam-
matory conditions could be associated with LBP. If we consider
a temporal relationship, an inflammation-associated activation
of the hypothalamic—pituitary—adrenal axis is a plausible biolog-
ical link between chronic or recurrent inflammatory conditions
and LBP (Hurwitz & Morgenstern, 1999). Early inflammatory
conditions may alter hypothalamic—pituitary—adrenal axis func-
tion through direct action or via epigenetics (Polli et al., 2019;
Shanmugam & Sethi, 2013), facilitating further mechanical or
psychosocial stressors and overall hypersensitivity and pain.
Early life is a critical period of development, and early life
stresses can influence future nociceptive processing (Waller
et al., 2020). These associations have been found previously be-
tween early life psychological stresses and increased incidence
of chronic pain in later life (Burke et al., 2017), as well as be-
tween early life pain experiences and spinal pain in pre-adoles-
cence (Joergensen et al., 2019).

Alternately, there may be another potential mechanism
where comorbid inflammatory conditions and LBP could
have a shared/common origin (Holmberg et al., 2005). A
significant proportion of LBP itself could be an inflamma-
tory condition. Hypothetically, the inflammatory conditions
as well as LBP could therefore occur at any time during the
lifetime and share a common cause.

Associations between chronic or recurrent inflammatory
conditions and LBP have been found frequently in older
populations (Helidvaara et al., 1991; Holmberg et al., 2005;
Smith et al., 2009). However, the nature of these relationships
in younger populations is unknown. Therefore, the overall
aim of this study was to investigate the associations between
early life chronic or recurrent inflammatory conditions with
LBP in adolescence and young adulthood.

The specific objectives were (1) to investigate the longitudi-
nal association between inflammatory conditions in childhood
and impactful LBP occurrence from adolescence to young adult-
hood, (2) to investigate the cross-sectional association between
inflammatory conditions from adolescence to young adulthood

and impactful LBP occurrence and (3) to investigate potential
dose—response relationships between the number of chronic in-
flammatory conditions and the occurrence of impactful LBP.

2 | METHODS
2.1 | Study design and ethics permissions

Data were used from the Raine Study Gen2 participants at
the 1, 2, 3, 5, 8, 10, 14, 17, 20, and 22-year follow-ups. The
Raine Study commenced as a Western Australian Pregnancy
Cohort, with mothers recruited between May 1989 and
Nov 1991 at King Edward Memorial Hospital for Women.
There were 2,868 children recruited into the Raine Study
Cohort. The children (Gen2) have been assessed at regular
time points from birth, until present (27 years) (McKnight
et al., 2012; Straker et al., 2017). The cohort at inception was
predominantly Caucasian (93%).

All aspects of the Raine Study were approved by the
Human Ethics Committees at King Edward Memorial
Hospital, Princess Margaret Hospital, University of Western
Australia and/or Curtin University. The adolescents/young
adults and/or their parents or guardian provided written in-
formed consent for data collection. Ethics approval for the
current study was approved by Murdoch University Human
Research Ethics Committee (Approval number: 2018/226).

2.2 | Exposure variables: Chronic or
recurrent inflammatory conditions

Information on chronic inflammatory conditions was obtained
atage 1, 2, 3, 5, 8, 10, 14, 17, 20 and 22 years regarding any
self-reported diagnosed conditions (by parents in early years and
participants in later years) and, where possible, verified through
medical records, medication use, hospital admissions, as well as
ICD-9 codes. We included chronic or recurrent inflammatory
conditions. Exclusion criteria included the following: neoplasms,
blood conditions if not autoimmune or atopic, acute conditions or
if unknown if acute or chronic, mental and neurological condi-
tions caused by birth trauma or congenital defects, or if it was
unknown to be an inflammatory condition due to insufficient in-
formation (e.g. hypothyroidism with unknown cause).

First, we categorized chronic inflammatory conditions using
ICD-9 categories including the following: (1) endocrine system,
(2) respiratory system, (3) digestive system, (4) skin and subcuta-
neous tissues (including the eye) and (5) musculoskeletal system
and connective tissues. Second, additional categories (not mutu-
ally exclusive to the first five categories) included autoimmune
and atopic conditions. These categories were utilized to determine
the exposures to chronic inflammatory conditions within specific
systems (e.g. endocrine, respiratory), as well as inflammatory
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conditions of the same type (e.g. autoimmune, atopic). Third,
all chronic inflammatory illnesses were included together in a
final exposure category of ‘any inflammatory condition’. The
Appendix shows each of the exposure categories.

For objective one, we included inflammatory conditions
from 1 to 10 years of age to capture inflammatory conditions
in childhood that were likely to precede the onset of back
pain (Smith et al., 2017). For objective two, inflammatory
conditions from 14 to 22 years were included to investigate
the cross-sectional association between inflammatory con-
ditions and LBP from adolescence to young adulthood. For
objective three, we included inflammatory conditions from
1 to 22 years, as this considers inflammatory conditions at
any point from childhood to young adulthood. Participants
were considered to have a condition if they reported that they
were diagnosed with that condition at least once within the
respective timeframe, that is, for objective one (1-10 years).

2.3 | Low back pain outcomes

The occurrence of LBP was assessed at 14, 17, 20 and
22 years of age. Participants self-reported LBP occurrences
within the last month, including the impact of LBP on care-
seeking and activity participation. At each time point, par-
ticipants answered five questions: ‘Has your low back been
painful at any time in the last month?’, ‘Have you missed
work or school due to low back pain?’, ‘Has low back pain
interfered with your normal activities?’, ‘Has low back pain
interfered with recreational physical activities?’, ‘Have you
sought professional advice or treatment for low back pain?’,
‘Have you taken medication to relieve low back pain?’ At
the 14-year follow-up, questions were asked about any ‘back
pain’ rather than specifically ‘low back pain’.

The outcome variable of low back pain for our analysis
was ‘impactful LBP’, which we defined as having LBP plus
answering affirmatively to at least one of the LBP impact
questions (i.e. questions 2-5) (Coenen et al., 2017) at least
once at 14, 17, 20 or 22 years of age. Merely having back pain
in adolescence may be a normal life experience and poten-
tially of benign nature with no long-term problems (Burton
etal., 1996). Impactful LBP was used as the outcome variable
of LBP in an attempt to exclude trivial occurrences of LBP.

24 | Potential confounders

Potential confounders included sex, body mass index and puber-
tal status. The trend in the literature shows a higher prevalence
of back pain with advancing age, more advanced pubertal status
and female sex (Beynon et al., 2019a, 2019b). There are mixed
results in the literature regarding the relationship between body
mass index and back pain (Beynon et al., 2019a, 2019b).
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Pubertal status was assessed at 14 and 17 years of age using
the Tanner stages (Tanner, 1962). Tanner stages were reported
on a scale of 1-5, with higher scores representing later pubertal
status, based on self-assessments of pubic hair development in
boys and breast development in girls (Marshall & Tanner, 1969,
1970). Height was measured with a Holtain Stadiometer (near-
est 0.1 cm); body weight was measured using a Wedderburn
Chair Scale (nearest 100g). Body mass index was calculated
by taking weight (kg)/height (m)’. Age and sex-specific body
mass index categories for normal weight, overweight and obe-
sity were calculated for all participants (Vidmar et al., 2013).

2.5 | Statistical analysis

Demographic data were reported descriptively. We con-
ducted analyses to determine the associations between
chronic or recurrent inflammatory conditions and impactful
LBP, using univariate and adjusted logistic regression mod-
els with robust standard errors. Covariates were introduced
into the model and kept within the model if it was associated
with back pain, or if it made significant changes to the associ-
ation between the exposure variable and back pain. For each
exposure variable, a minimum of 10 cases (people with the
condition of interest) were needed to run the model. The ef-
fects of risk factors were summarized using odds ratios (OR)
with 95% confidence intervals [95% CI] and p values. Data
were analysed using Stata S/E version 15 (StataCorp, TX).

3 | RESULTS

The demographic characteristics of participants at each
follow-up are presented in Table 1. From the ages of 14 to
22 years, 1,152 participants (59%) reported at least one epi-
sode of impactful LBP. Pubertal status and body mass index
were not univariately associated with LBP and therefore not
included in the models. Sex was found to be a significant
covariate; therefore, all models are adjusted for sex.

3.1 | Objective 1: Longitudinal
association between inflammatory
conditions in childhood and impactful low
back pain occurrence from adolescence to
young adulthood

Figure 1 demonstrates the relationship between participants
with chronic or recurrent inflammatory conditions from 1 to
10 years of age and subsequently whether impactful LBP mani-
fests in adolescence or young adulthood. There were only eight
and five participants with endocrine and musculoskeletal condi-
tions (1-10 years of age), respectively; therefore, these models
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TABLE 1 Number of participants with data

Total Age (years): Female: n
Follow-up participants: n mean (SD) (%)
1 2,430 1.2 (0.1) 1,193 (49.1)
2 1974 2.1(0.1) 945 (47.9)
3 2,260 3.1 (0.1) 1,110 (49.1)
5 2,236 5.9 (0.2) 1,082 (48.4)
8 2,142 8.1 (0.3) 1,042 (48.6)
10 2048 10.6 (9.8) 989 (48.3)
14 1865 14.1 (0.2) 906 (48.6)
163 1693 17.1 (0.3) 849 (50.2)
20 1577 20.0 (0.5) 787 (49.9)
22 1,235 22.2 (0.8) 640 (51.8)

SD: standard deviation

could not be created. The odds ratios with 95% confidence in-
tervals to develop future LBP for participants with respiratory
conditions, atopic conditions, and any inflammatory condition,
respectively, were (1.29 [1.07, 1.54]), (1.23 [1.02, 1.49]) and
(1.25 [1.03, 1.52]). No associations were found between diges-
tive, skin or autoimmune conditions and LBP (Figure 1).

3.2 | Objective 2: Cross-sectional
associations between inflammatory
conditions and impactful low back
pain occurrence from adolescence to
young adulthood

Participants with respiratory, skin, musculoskeletal, autoimmune
or atopic conditions at 14-22 years of age had an increased odds

Exposure variable

of impactful LBP (Figure 2). Furthermore, participants with any
inflammatory condition compared to those with no inflamma-
tory condition had increased odds of LBP (OR [95% CI] = 1.45
[1.20, 1.76]). There was no association found between endocrine
and digestive conditions, and LBP (Figure 2).

3.3 | Objective 3: Dose-response
relationship between number of chronic
inflammatory conditions and impactful low
back pain

Participants with a greater number of chronic inflammatory
conditions from 1 to 22 years had increased odds of impact-
ful LBP at 14-22 years (Figure 3). Participants with two
illnesses and three or more illnesses had an increased odds
(OR [95% CI] = 1.68 [1.30, 2.18]) and (OR [95% CI] = 2.12
[1.54, 2.89], respectively) of reporting LBP (Figure 3). The
increased odds ratios demonstrate evidence of a potential
dose-response relationship.

4 | DISCUSSION

In longitudinal analysis, participants with respiratory or at-
opic conditions during childhood had increased odds of future
impactful LBP in adolescence/young adulthood. However,
there were no associations found between digestive, skin
or autoimmune conditions during childhood and LBP in
adolescence and young adulthood (objective 1). There were
cross-sectional associations between chronic inflammatory
conditions including respiratory, skin, musculoskeletal, au-
toimmune and atopic conditions, and LBP in adolescence to

(1-10 years) N OR (95% CI1) P-Value
Respiratory e 1391 1.29(1.07,1.54) 0.007
Digestive ‘ L 116 1.34(0.87,2.07) 0.184
Skin e 871 1.01(0.84,1.23) 0.843
Atopic —e—— 1648 1.23(1.02,1.49) 0.035
Autoimmune ‘ * 30 1.10(0.48,2.50) 0.827
ANY —— 1708 1.25(1.03,1.52) 0.025

0 0.5 1 1.5 2 2.5 3
0Odds ratios (95% Cl)
FIGURE 1 Longitudinal association between chronic inflammatory conditions from 1 to 10 years and impactful low back pain occurrences 14

to 22 years. Abbreviations: N: number of participants with the condition, OR: odds ratio, 95% CI: 95% confidence intervals, Any: any inflammatory

condition. Note: All models adjusted for sex
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Exposure variable

(18-22 years) N OR (95% ClI) P-value
Musculoskeletal o—> 18 5.36 (1.19, 24.06) 0.028
Respiratory - 1247  146(1.21,1.75) <0.001
Skin —— 492 1.34(1.08, 1.66)  0.008
Endocrine ' L 19 1.79 (0.62, 5.15) 0.279
Digestive e 28 1.10(0.49, 2.43) 0.822
Autoimmune ® 63 1.92 (1.06, 3.46) 0.030
Atopic et 1328 1.45(1.20,1.75) <0.001
ANY —a— 1373 1.45(1.20,1.76) <0.001

0 o5 1 15 2 25 3 35 4 45 5 555 6

Odds Ratios (95% Cl)

FIGURE 2 Cross-sectional association between inflammatory conditions and low back pain occurrences from 14 to 22 years. Abbreviations:

N: number of participants with the condition, OR: odds ratio, 95% CI: 95% confidence intervals, Any: any inflammatory condition. Note: All

models adjusted for sex

Exposure variable N  OR(95%Cl)  P-value
. -t @
One illness 685 1.18(0.94,1.47) 0.149
Two illnesses —— 419 1.68(1.30,2.18) <0.001
Three or more illnesses o 268 2.12(1.54,2.89) <0.001
0 0.5 1 1.5 2 2.5 3

Odds ratio (95% Cl)

FIGURE 3 Dose-response relationship between number of chronic inflammatory conditions and impactful low back pain. Abbreviations: N:

number of participants with the condition/s, OR: odds ratio, 95% CI: 95% confidence intervals. Note: All models adjusted for sex

young adulthood (objective 2). Participants with a greater
number of chronic inflammatory conditions had increased
odds of LBP in adolescence and young adulthood (objective
3). Use of the Raine Study data has enabled a comprehensive
look at comorbidity of chronic inflammatory conditions and
impactful LBP over a long period of time.

4.1 | Potential mechanisms

In objective one, we investigated whether there was a temporal
relationship between early inflammatory conditions and later
impactful LBP, in children not reporting LBP at the time of
having reported other inflammatory conditions. Such a finding
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could support the theory that early life inflammation, of any
type of inflammatory condition, could explain why LBP is
likely to occur through a change of the hypothalamic—pituitary—
adrenal axis (Hurwitz & Morgenstern, 1999; Polli et al., 2019;
Shanmugam & Sethi, 2013).

In objective two, we investigated the cross-sectional asso-
ciation between inflammatory conditions and LBP. Such co-
morbidity could indicate a shared underlying (inflammatory)
mechanism for both the comorbidity and L.LBP, thus indicating
that LBP would be an inflammatory condition. Association be-
tween inflammatory conditions and impactful LBP was more
consistent in the cross-sectional analysis than in the longitudi-
nal analysis, suggesting that when the inflammatory condition
is active, LBP may be yet another of its manifestations.
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We cannot infer causation based on these analyses but rather
consider whether chronic inflammatory conditions could pre-
dict LBP in adolescence and young adulthood. The associ-
ation between respiratory conditions and LBP is consistent
with the broader literature. Cross-sectional studies have shown
that adults with breathing difficulties (Smith et al., 2006), re-
spiratory diseases including asthma (Heliovaara et al., 1991;
Hurwitz & Morgenstern, 1999; Wright et al., 1995) or al-
lergies (Hurwitz & Morgenstern, 1999) had higher odds of
having back pain compared to those without the condition.
Additionally, asthma in adolescence has been found to be as-
sociated with future LBP (Hestbaek et al., 2006b). Our anal-
ysis supports these findings and expands them using both
cross-sectional and longitudinal analyses.

In considering temporality, we considered childhood
chronic illnesses diagnosed in early childhood in LBP-free
individuals and subsequently whether LBP manifests in ad-
olescence or young adulthood (objective 1). Back pain with
impact generally does not originate until around pubertal or
after puberty. In considering this longitudinal association,
only respiratory or atopic conditions had increased odds of
future LBP.

The dose-response relationship was examined in ob-
jective three. Participants with a greater number of chronic
inflammatory conditions had increased odds of LBP in
adolescence and young adulthood. This dose-response
relationship has also been consistently seen within the pre-
vious literature. Adults with both respiratory and digestive
(Holmberg et al., 2005), or respiratory and gastrointestinal
disorders (Smith et al., 2009) had an increased risk of devel-
oping back pain as compared to those without the conditions.

More evidence is needed to elucidate if there is a causal
relationship, but there is an association between some chronic
inflammatory conditions and LBP. The associations found in
this study suggest further investigations related to causality
are a reasonable thing to do.

4.2 | Research and clinical implications

The results from this study show the need to consider comor-
bidities in clinical practice and future research. Clinicians and
researchers tend to work in clinical silos. Musculoskeletal
clinicians and researchers should consider other conditions
that are potentially having a role in the musculoskeletal com-
plaint. Musculoskeletal clinicians may ask about past and
current medical history, but they should also consider this
medical history within the treatment plan potentially through
interprofessional collaborations.

Low back pain is known to be complex and multifactorial
(Hartvigsen et al., 2018). For example, in the Raine Study
participants, exposure to pain, physical factors, psychologi-
cal factors, social factors and lifestyle factors at 14 years of

age have been shown to be associated with the reporting of
LLBP at 17 (Smith et al., 2017). The results should be inter-
preted within the broader understanding of LBP as a complex
disorder.

4.3 | Strengths and limitations

The population is a community-dwelling sample, rather than
just a clinical population which increases the external valid-
ity. Merely having back pain in adolescence may be a nor-
mal life experience and potentially of benign nature with no
long-term problems (Burton et al., 1996). Impactful LBP was
considered in this study. This definition captures the popula-
tion that could be associated with an increasing health and
societal burden from LBP.

At 14 years of age, questions were asked about back
pain rather than specifically LBP. Back pain covers a big-
ger part of the spine potentially leading to a larger preva-
lence estimate at the 14-year time point. Additionally, the
severity and duration of LBP were unknown. In consid-
ering inflammatory conditions during childhood, certain
conditions had a low prevalence. For example, there were
only 30 participants diagnosed with chronic autoimmune
inflammatory conditions from 1 to 10 years of age when
compared with 1,391 participants diagnosed with chronic
respiratory inflammatory conditions from 1 to 10 years of
age. The low prevalence of certain conditions could lead to
a type two error, failing to reject the null hypothesis. For
objective one, we included inflammatory conditions from
1 to 10 years of age to capture inflammatory conditions
in childhood that were likely to precede the onset of back
pain. However, it is possible that different, or stronger, re-
sults might be found if a longer period of childhood was
considered. Additionally, the chronic inflammatory con-
ditions were self-reported and, where possible, verified
through medical records. No information was included on
the duration of the condition, age at the time of diagnosis
or severity of conditions. Therefore, there could have been
a difference between participants with the same diagnosis
as well as under- or over-diagnosis based on self-reported
data. While we did attempt to control for confounding by
including covariates in our models, we were unable to ac-
count for every possible source of confounding. Therefore,
there is a potential for residual confounding.

5 | CONCLUSION

Overall, longitudinal and cross-sectional associations of
respiratory and atopic conditions, with impactful LBP in
adolescence and young adulthood were identified. More
evidence is needed to determine whether there is a causal
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relationship between chronic inflammatory conditions and
impactful LBP, or if there is a common origin for these
conditions.
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APPENDIX

Exposure categories of chronic or recurrent
inflammatory conditions with included
conditions (conditions reported by
participants)

1. Endocrine system:
e Diabetes mellitus type 1
e Addison's disease
e Hashimoto's disease
e Autoimmune lymphoproliferative syndrome

2. Respiratory system:
e Chronic or allergic rhinitis
e Chronic sinusitis

e Chronic tonsillitis

e Simple chronic bronchitis
e Bronchiectasis
e Asthma

3. Digestive system:
e Oesophageal reflux
o Gastritis
e Crohn's disease
e Eosinophilic gastroenteritis
e Chronic pancreatitis
e Celiac disease

4. Skin and subcutanecous tissues(including the eye):
e Atopic dermatitis
e Psoriasis
e Chronic conjunctivitis
e Eczematous dermatitis — eyelid

5. Musculoskeletal system and connective tissues:
e Systemic lupus erythematosus
e Juvenile rheumatoid arthritis
e Ankylosing spondylitis
e Polymyalgia rheumatica

6. Autoimmune conditions:
Diabetes mellitus type 1
Addison's disease

Hashimoto's disease

Autoimmune lymphoproliferative syndrome
Immune thrombocytopenic purpura
Wegener's granulomatosis

Celiac disease

Psoriatic arthropathy

Psoriasis

Systemic lupus erythematosus

Juvenile rheumatoid arthritis

Ankylosing spondylitis

7. Atopic conditions:
e Atopic dermatitis
e Chronic conjunctivitis

e Eczematous dermatitis — eyelid
e Chronic or allergic rhinitis
e Asthma

8. Any:
e Includes any of the above conditions
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Summary or Chapter Four and link to next chapter

Through this Raine Study analysis, we found longitudinal and cross-sectional
associations of respiratory and atopic conditions, with impactful low back pain in
adolescence and young adulthood. There was also a dose-response relationship

between the number of chronic inflammatory conditions and impactful low back pain.

Through the analysis of longitudinal data we considered if there was a temporal
relationship between chronic inflammatory conditions during childhood and future
impactful low back pain during adolescence and young adulthood. We found that
participants with respiratory, atopic, or any chronic inflammatory condition in childhood
(1-10 years of age) had increased odds of low back pain during adolescence and young

adulthood.

Through the cross-sectional analysis, we examined the associations between chronic
inflammatory conditions and impactful low back pain during adolescence and young
adulthood. We found that the presence of any chronic inflammatory condition albeit
musculoskeletal, respiratory, skin, autoimmune, or atopic in nature resulted in increased
odds of impactful low back pain during the years in question. This concurrent association
may indicate that the conditions could be comorbid with a shared underlying origin or

mechanism [51], with low back pain itself being an inflammatory condition.

Based on these results we do not know if there is a causal relationship between
chronic inflammatory conditions and impactful low back pain, or if there is a common
origin for these conditions. Nevertheless, we found cross-sectional and longitudinal
evidence of associations between some chronic inflammatory conditions and low back

pain.

From the findings of this study, we further investigated the potential link between
chronic inflammatory conditions and low back pain by considering the relationship

between CRP and low back pain within this same population.
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Chapter Five- Multi-trajectory analysis of C-reactive
protein and low back pain from adolescence to

early adulthood

We identified a link between inflammatory conditions and low back pain. However,
the reasons behind this link are still unknown. Individuals with certain pathological
conditions may secrete greater amounts of pro-inflammatory cytokines. C-reactive
protein (CRP) is a sensitive biomarker of inflammation [69]. Previous cross-sectional
studies have reported associations between CRP and low back pain in adult populations

[89, 90]. However, this relationship is unclear in younger populations.

Trajectory modelling is useful for developing an understanding of complex
longitudinal relationships and can assist when exploring the relationships between
exposures and outcomes that develop over time. Trajectory modelling can also

demonstrate the recurrent and fluctuating nature of pain conditions [94].

First, as a preliminary study we identified trajectories of CRP and investigated the
longitudinal association between trajectories of CRP and body mass index (Appendix
One). Secondly, we identified the trajectories of low back pain from early adolescence
through to early adulthood and investigated the associations between trajectories of

CRP and low back pain.

This work underwent peer-review and is published as:

Beynon AM, Hebert JJ, Beales DJ, Jacques A, Walker BF. Multi-trajectory analysis of
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As of 24/02/2021: Article accesses: 93. Citations: 0. Altmetric: 2

63



European Spine Journal
https://doi.org/10.1007/500586-020-06677-0

ORIGINAL ARTICLE l@)

Check for
updates

Multi-trajectory analysis of C-reactive protein and low back pain
from adolescence to early adulthood

Amber M Beynon'® . Jeffrey J Hebert' - Darren J Beales® - Angela Jacques® - Bruce F Walker'

Received: 16 July 2020 / Revised: 5 October 2020 / Accepted: 22 November 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Purpose To identify low back pain (LBP) trajectories from early adolescence through to early adulthood and to investigate
whether sustained levels of elevated subclinical C-reactive protein (CRP) are linked with these LBP trajectories.

Methods We analysed longitudinal data from 1513 participants who were enrolled in the Raine Study cohort. Data on LBP
with impact on daily living and CRP were collected at the ages of 14, 17, 20, and 22. We constructed group-based trajectory
models to identify discrete trajectories of LBP with impact. We then evaluated how the CRP trajectories and the LBP with
impact trajectories evolved jointly over time using a multi-trajectory analysis.

Results The model identified three LBP trajectories. One subgroup included almost half the participants (46.1%) who had
a consistently low probability of LBP. Another subgroup comprising 43.5% of participants had an increasing probability of
LBP, while one in ten participants (10.4%) had a decreasing probability of LBP. There were no associations between elevated
CRP and LBP trajectory subgroup membership.

Conclusion Although young people follow distinct trajectories of LBP, CRP trajectories do not appear to be a distinguishing
factor of the LBP trajectories. Previously reported associations between CRP and LBP may be explained by comorbidity or
other factors. Future studies undertaking trajectory analysis should consider comorbidity clusters.

Level of Evidence | Diagnostic: individual cross-sectional studies with the consistently applied reference standard and blinding

Keywords “Low Back Pain” - “C-reaction protein” - Trajectories - Adolescence - “Early adulthood”

Introduction [4], are reportedly associated with LBP from adolescence

to adulthood.

Low back pain (LBP) is the leading cause of disability
worldwide affecting people of all ages [1]. Low back pain
has many potential contributors, including psychosocial,
physical, and genetic factors [2]. Further, some comorbidi-
ties [2], including asthma [3, 4], allergies [4], and depression
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A plausible biological link between these comorbid disor-
ders may be that those with certain conditions secrete greater
amounts of pro-inflammatory cytokines than those without
the condition [4]. Potentially, this leads to inflammation-
associated activation of the hypothalamic—pituitary—adrenal
axis [4]. Such activation can lead to axis dysregulation and
hyperresponsiveness to mechanical or psychosocial stressors
that may contribute to pain [4].

C-reactive protein (CRP) is a sensitive but nonspecific
inflammatory biomarker [5]. Healthy adults usually have
stable CRP levels (median concentration of 0.8 mg/l),
except for infrequent elevations related to minor infections,
inflammation, or trauma [5]. Preliminary evidence points to
a potential link between CRP and LBP. Recent systematic
reviews investigating the relationship between pro-inflam-
matory biomarkers and LBP found moderate-quality evi-
dence for a positive association of CRP with the presence
and severity of LBP [6, 7]. A cross-sectional analysis of a
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population-based sample (N = 15,322) reported high CRP
levels to be associated with increased odds of reporting
LBP, particularly in participants living with obesity (odds
ratio [95% CI|=2.86 [1.18-6.96]) [8]. Other studies [9, 10]
have reported higher CRP to be associated with higher cold-
pressor sensitivity, suggesting a link between pain sensitivity
and inflammation.

Taken together, these findings show that increased
inflammation may alter the experience of LBP by modulat-
ing underlying sensitisations. However, this hypothesis is
based on cross-sectional evidence [6, 8—10]. The longitudi-
nal nature of the relationship between inflammation and LBP
is unclear. Trajectory modelling is useful for understanding
complex longitudinal relationships and may help to elucidate
the potential relationship between chronic, subclinical levels
of CRP and the course of LBP.

The aim of this study was to investigate the longitudi-
nal associations between CRP levels and LBP from ado-
lescence to early adulthood. Specifically, we (1) identified
the trajectories of LBP from early adolescence through to
early adulthood, (2) examined for differences in mean CRP
between LBP trajectory subgroups, and (3) investigated the
associations between trajectories of CRP and trajectories
of LBP from early adolescence through to early adulthood.

Methods
Study design and participants

This longitudinal study used data from the Raine Study
Gen?2 participants at 14-, 17-, 20-, and 22-year follow-ups.
The Raine Study is a multi-generation, longitudinal cohort
study from Western Australia. It commenced as a preg-
nancy cohort with mothers recruited between May 1989
and November 1991 from King Edward Memorial Hospital
for Women and from surrounding private practice clinics.
There were 2868 children recruited into the Raine Study
cohort. These child participants (Gen2) have been followed
at regular time points from birth to the present day (i.e. for
27 years) [11]. This study adheres to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) Statement guidelines [12].

C-reactive protein

High-sensitivity CRP was measured from blood samples
by PathWest at 14, 17, 20, and 22 years of age, using an
immunoturbidimetric method on an Architect ¢16000
Analyser. This method correlates well with representative
immunonephelometric assays [13]. The immunoassays for
CRP are reproducible, robust, and well standardised [5].

@_ Springer

High-sensitivity CRP (hs-CRP) refers to the lower detec-
tion limit of the assay. Data points with hs-CRP> 10 mg/L
were excluded because this was assumed to indicate acute
inflammation or current infection [14].

Low back pain

Questionnaire items of the Raine Study assessed back pain
at 14, 17, 20, and 22 years of age. Data were collected on
participants’ self-reported occurrences of LBP within the
last month along with the impact of back pain, including
any treatment or interference with daily activities. Specific
questions were as follows: “Has your low back been painful
at any time in the last month?”, “Have you missed work or
school due to low back pain?”, “Has low back pain interfered
with your normal activities?”, “Has low back pain interfered
with recreational physical activities?”, “Have you sought
professional advice or treatment for low back pain?”, and
“Have you taken medication to relieve low back pain?” At
age 14, the questions were asked about any “back pain”
rather than specifically “low back pain”.

We constructed a "LBP with impact" variable defined as
reporting back pain and answering affirmatively to at least
one of the LBP impact questions (questions 2-5).

Statistical analysis

Demographic data were reported descriptively. All analyses
were performed using Stata S/E version 15 (StataCorp, TX).

To address objective 1, the identification of LBP trajecto-
ries from early adolescence through to early adulthood, we
constructed a group-based trajectory model [15] to identify
latent classes of LBP with impact. Group-based trajectory
modelling is a special application of finite mixture mod-
elling used to estimate discrete trajectory subgroups with
maximum likelihood [16, 17]. Group-based trajectory mod-
elling is a person-centred approach aiming to identify groups
of individuals who share certain attributes, as compared to
variable-centred analyses which aim to describe associa-
tions between variables [18]. Unlike latent class analysis
or growth-mixture modelling, covariates are not required as
unspecified group-based trajectory models are not prone to
bias [16, 17].

We included participants with two or more assessments
of LBP over the four time points. This model accounts for
missing data at random with robust maximum likelihood
estimation methods resulting in asymptotically unbiased
parameter estimates [17]. Model selection decisions were
made using the Bayesian Information Criterion (BIC) sta-
tistic. In building the model, we first decided on the number
of groups and then determined the shape of the polynomial
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trajectories (zero-order, linear, or quadratic). We started with
the simplest solution (two groups) and increased the number
of groups and complexity of polynomial shapes until the
BIC plateaued, and with a minimum subgroup size of 30
participants [16, 17].

Accordingly, the decision of the number of groups was
directed by the goal of analysis and confirmation based on
posterior probability diagnostics. We applied five a priori
diagnostic criteria to determine model fit: (1) mean poste-
rior probability > 70% for each group, (2) odds of correct
classification > 5 for each group, (3) meaningful distinction
between the groups, (4) close correspondence between the
estimated group proportions and the assigned membership
proportions, and (5) reasonably narrow confidence intervals
around estimated values [16, 17].

For objective 2, to examine for differences in mean hs-
CRP between LBP trajectory subgroups, multinomial logis-
tic regression was used. We reported the mean and standard
deviation of hs-CRP at each time point and the relative risk
ratios with 95% confidence intervals. The LBP trajectory 1
(consistently low probability of LBP) was used as the refer-
ence category. Sex, pubertal status, and body mass index
were found not significant as covariates; therefore, no covar-
iates were added to the model.

To address objective 3, to investigate the associations
between trajectories of CRP and trajectories of LBP from
early adolescence through to early adulthood, we constructed
group-based multi-trajectory models to evaluate the co-
development of hs-CRP and the LBP trajectories over time.
Multi-trajectory modelling identifies the concurrent develop-
ment of multiple outcomes of interest simultaneously [19].
As multi-trajectory models assess the co-development of
multiple outcomes as a function of age, the model may differ
from the univariate trajectory model. We included partici-
pants with two or more assessments of hs-CRP (<10 mg/L)
and LBP over the four time points. The same criteria of the
best model fit were used as above. Sensitivity analyses were
completed for both the univariate LBP trajectory model and
the multi-trajectory model including stratified sex-specific
analyses, only including the 17-22 year time points, and
only including participants with all four time points.

Table 1 Number of participants with data

Results

The demographic characteristics and descriptive LBP and
hs-CRP data for all four follow-up time points are presented
in Table 1. Data from 1513 participants with at least two
LBP measurements were included in the trajectory model.
In total, 942 participants had two or more measures of hs-
CRP (<10 mg/L) and LBP, and they were included in the
multi-trajectory model (Fig. 1).

Low back pain with impact trajectories

The three-group trajectory model demonstrated the optimal
fit and met all a priori diagnostic criteria (Online Resource
1). There were three distinct LBP trajectory subgroups
from ages 14-22 years. Trajectory groups were categorised
according to their probability of LBP and labelled as fol-
lows: “consistently low” (46.1%,n=746), “decreasing”
(10.4%,n=151), and “increasing” (43.5%,n=616) (Fig. 2).
All sensitivity analyses yielded similar results (Online
Resource 2).

Low back pain with impact trajectories
and mean C-reactive protein levels

As demonstrated by the multinomial logistic regression anal-
ysis, there were no differences in the mean hs-CRP between
LBP trajectory subgroups (Table 2).

Multi-trajectory model of C-reactive protein
and low back pain with impact

Multi-trajectory modelling assessed the potential interrela-
tionship between the co-development of hs-CRP trajectories
and the LBP trajectories. The three-group trajectory model
demonstrated the optimal fit and met all a priori diagnos-
tic criteria (Online Resource 1). Figure 3 demonstrates the

Age: mean (SD) Total Participants:n ~ Back pain data: n (%) Reported having LBP Valid hs-CRP Mean hs-CRP
(% female) with impact n (%) (<10 mg/L)*: n (%) (mg/L): mean
(SD)
14.1 (0.2) 1865 (49) 1596 (85.6) 479 (30.0) 1355 (72.6) 0.8 (1.3)
17.1 (0.3) 1693 (50) 1289 (76.1) 321 (24.9) 1239 (73.2) 1.3(1.9)
20.0(0.5) 1577(50) 1241 (78.7) 395 (31.8) 1118 (70.9) 1.6 (2.0)
22.2(0.8) 1235 (52) 1115 (90.3) 468 (42.0) 938 (75.9) 1.6 (1.9)

SD: standard deviation, LBP: low back pain, hs-CRP: High-sensitivity C-reactive protein, hs-CRP (<10 mg/L)*: those with hs-CRP (<10 mg
/L), as this could indicate acute inflammation rather than chronic inflammation state
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Fig.2 Trajectories of the probability of low back pain with impact
from 14 to 22 years with 95% confidence intervals

multi-trajectory analysis of hs-CRP and LBP from 14 to
22 years with 95% confidence intervals. Group 1 (“low
CRP, low LBP” 52.4%) had stable-low hs-CRP and a
consistently low probability of LBP. Group 2 (“low CRP,
increasing LBP” 39.9%) had again stable-low hs-CRP
but an increasing probability of LBP over time. Group 3
(“increasing CRP, moderate LBP” 7.7%) had an increasing
level of hs-CRP over time and a moderate probability of
LBP. The multi-trajectory model revealed no obvious asso-
ciation between hs-CRP and LBP from adolescence to early
adulthood. All sensitivity analyses yielded similar results
(Online Resource 2).

Table2 Low back pain with impact trajectories and the mean hs-CRP at each time point

hs-CRP at LBP Trajectory 1 LBP trajectory 2 (“Decreasing™) LBP trajectory 3 (“Increasing”)
ages (“Consistently low™)

REFERENCE

mean (SD) mean (SD) RRR (95% CI) mean (SD) RRR (95% CI)
Age 13 0.85 (1.51) 0.66 (0.98) 0.89 (0.70, 1.12) 0.70 (1.03) 0.89 (0.70, 1.12)
Age 16 1.39 (1.87) 1.16 (1.68) 0.93 (0.78, 1.09) 1.22 (1.71) 0.95 (0.86, 1.05)
Age 20 1.73 (2.05) 1.67 (1.89) 0.98 (0.86, 1.12) 1.58 (1.98) 0.96 (0.88, 1.05)
Age 23 1.65 (1.90) 1.70 (2.03) 1.01 (0.87, 1.17) 1.72 (2.93) 1.01 (0.93, 1.11)
hs-CRP: high-sensitivity C-reactive protein, LBP: low back pain, SD: standard deviation, RRR: relative risk ratio, 95% CI: 95% confidence inter-
val
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Fig.3 Multi-trajectory analysis of hs-CRP and low back pain with impact from 14 to 22 years with 95% confidence intervals

Discussion

We identified three LBP trajectories from 14 to 22 years
of age. One group of participants had a “consistently low”
probability of LBP with impact (46.1%), another group had
an “increasing” probability of LBP with impact (43.5%),
and the final group had a “decreasing” probability of LBP
with impact (10.4%). There were no differences in the mean
hs-CRP between LBP trajectory subgroups. Additionally,
the multi-trajectory model revealed that elevated hs-CRP
over time is not associated with LBP. Taken together, these
results indicate a lack of a relationship between the patterns
of hs-CRP and LBP development over time. In other words,
CRP does not appear to play a role in the development of
impactful LBP in adolescents and young adults.

Comparison to the literature

Similar longitudinal LBP clusters have been previously
created within the Raine Study Gen2 participants from 17
to 22 years using repeated measures latent class analysis
that clustered multiple LBP indicator variables [20]. How-
ever, Coenen et al. [20] identified four clusters: low (53%),
increasing (22%), decreasing (15%), and high (10%) preva-
lence of LBP and its impact [20]. This reflects two different
statistical and methodological ways of dealing with similar
data. The difference in age and type of modelling accounted
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for the different results. The low trajectory/cluster was simi-
lar across both studies, as was the decreasing trajectory/clus-
ter. When combining the increasing and high cluster within
the previous study [20], it represented approximately 30% of
the cohort, approximating this current study. While there are
differences in terms of the type of analysis and the number
of trajectory classes reported in these studies, the results
seem complementary and confirmatory.

A recent systematic review synthesised the results of four
trajectory studies, including Coenen et al. [20], and found
that there were three common patterns of LBP in chil-
dren and adolescence. The majority of children (49-53%)
reported no or low probability of LBP, the second pattern
in children and adolescents reported fluctuations of LBP
(16-37%), and a minority of children and adolescents repeat-
edly reported LBP (< 1-10%) [21]. This again shows com-
plementary results within not only the same study popula-
tion but also different study populations.

This study found that elevated levels of hs-CRP over time
were not directly related to LBP. This finding conflicts with
the results of a cross-sectional study by Briggs et al. [8]
who found that high hs-CRP levels increased the odds of
reporting LBP, particularly in individuals who were obese.
However, their sample population included a mixture of
ages including adolescents and older adults. It may be that a
direct relationship between CRP and LBP emerges after the
age of 22. Therefore, it could be of value to continue to track
populations further into adulthood. The link is potentially
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more about comorbidities rather than just back pain and
inflammation. In younger people perhaps, the relationship
between CRP and comorbidity, with LBP being a feature of
a cluster of poor health conditions, might be more meaning-
ful than when taken in isolation. Future research could con-
sider comorbidity clusters rather than just LBP in isolation.

Another future direction may be to consider pain sensi-
tivity in conjunction with the pain itself. Mechanistic links
have been proposed between inflammatory mediators and
pain sensitivity [9, 10]. Potentially underlying inflamma-
tion may contribute to a pro-nociceptive state [22], without
directly influencing the report of pain and disability itself
which might be driven by other factors [23].

Strengths and limitations

We considered LBP and its impact in this study. Merely hav-
ing nonspecific LBP (without disc herniation or other abnor-
mal findings on MR or CT) in adolescence is potentially of a
benign nature and a normal life experience [24]. Therefore,
our augmented definition captures the population of young
people with LBP with the potential to increase the societal
burden of LBP. Another strength was that the population is a
community-dwelling sample. Having measures of both back
pain and CRP at up to four time points across adolescence
into early adulthood seem to be a unique data set.

There were some limitations in the way the LBP meas-
urement was undertaken. At 14 years, questions were asked
about back pain rather than specifically LBP, as back pain
potentially covers a bigger part of the spine; this may have
led to a larger prevalence estimate at the 14-year time point.
This difference in back pain reporting could have played a
role in the "decreasing” LBP trajectory where there was a
decreased back pain probability from 14 to 17 years. How-
ever, this "decreasing" trajectory could also be consistent
with the evidence of pubertal development and growth as
potential risk factors for spinal pain [25]. Only four time
points with two to three years between measurements
were used to assess LBP and hs-CRP. This may not have
the accuracy of truly representing the potential recurrent
nature of LBP that would be achieved by having more fre-
quent time points. Low back pain measured in this may
oversimplify participants’ pain experience. Low back pain
is dynamic and difficult to capture with dichotomous out-
comes. To better understand the trajectories of LBP, more
frequent measurements should be undertaken and this may
yield different results. Additionally, the severity and dura-
tion of LBP were unknown.

@ Springer

Conclusion

In young people, surveyed four times between the ages
of 14 and 22, three trajectories of LBP with impact were
identified. Almost half had a “consistently low” probabil-
ity of LBP with impact. Another 43% had an “increasing”
probability of LBP with impact, whereas a small percent-
age had a “decreasing” probability of LBP with impact.
There was no association between the LBP trajectories
and the mean hs-CRP level at each time point nor with the
hs-CRP trajectories. Future research in adolescents and
young adults might focus on inflammation in pain-related
comorbidity groups, or as a contributor to a pro-nocicep-
tive state that moderates the pain experience rather than
directly affecting the pain experience itself.
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Summary of Chapter Five and link to next chapter

We identified three distinct trajectories of low back pain with impact from 14 to 22
years of age. One subgroup had a consistently low probability of low back pain (46.1%),
another subgroup had an increasing probability of low back pain (43.5%), and the final
subgroup had a decreasing probability of low back pain (10.4%). There was no
association between CRP and the low back pain trajectories. This finding conflicts with
the results of a large cross-sectional study of a general population by Briggs et al. [93]
who found that elevated levels of CRP increased odds of reporting low back pain,
particularly in individuals who were obese. The relationship between CRP and back pain
could develop in older populations and may not be apparent in young populations.
Additionally, this link could be more about comorbidities rather than just back pain and

inflammation.

Within this study there was potential bias due to the study attrition. There were
2868 children (at birth) recruited into the Raine Study, follow-up data were collected for
approximately 50% of participants at 14 through 22 years. Low back pain trajectories
were based on data from 53% of the original sample, and multi-trajectory modelling was
based on data from 33% of the original sample. When first recruited into the Raine
Study it was the parents who were recruited, as time went on and the children became
teenagers and young adults, it is understandable that there would be a certain degree of
missing data and dropouts. While, we cannot provide information about distribution of
risk and/or prognostic factors in participants with and without complete follow-up data,

we do acknowledge the potential bias that this high attrition rate may bring.

Cardiovascular disease does not typically manifest in childhood, as these conditions
generally present in later life, therefore it is useful to consider cardiovascular disease
risk factors during childhood. Clustering of cardiovascular disease risk factors can
manifest in children and then continues into adulthood [55-57]. It has been reported
that cardiovascular disease risk factors in children predict metabolic syndromes later in
life [106, 107]. This leads to our next study where we sought to investigate the

association between cardiovascular disease risk factors and spinal pain in young people.
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Chapter Six- Association between cardiovascular
disease risk factors and future spinal pain with the
potential moderating role of health-related physical

activity (CHAMPS Study-DK)

In adults, cardiovascular disease has been shown to be significantly associated with
back pain [54, 108]. In children it is important to consider cardiovascular disease risk

factors that can lead to metabolic syndromes later in life [106, 107].

This next study aimed to 1) investigate the prospective associations between
childhood cardiovascular disease risk factors and spinal pain occurrences, and 2)
examine for the potential moderating role of health-related physical activity in this
relationship. We hypothesized that children with greater cardiovascular disease risk

factors would have an increased risk of developing spinal pain.

This manuscript has been prepared for publication and formatted for publication in

the European Journal of Pain.

Beynon AM, Wedderkopp N, Walker BF, Leboeuf-Yde C, Hartvigsen J, Hebert JJ.
Association between cardiovascular disease risk factors and future spinal pain with the

potential moderating role of health-related physical activity (CHAMPS Study-DK)
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What'’s already known about this topic?

e Spinal pain is a significant public health problem.

e Spinal pain has been previously linked with cardiovascular disease risk factors in
children.

What does this study add?

e There may be an association between cardiovascular disease risk factors and
future spinal pain, however this relationship is dependent on sex, age, and
health-related physical activity behaviour.

e Further research is needed to better understand the reasons for and implications

of these relationships.
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Abstract

Background: Spinal pain is a significant public health problem. Spinal pain has been
previously linked with cardiovascular disease risk factors in children. This study aimed to
investigate any prospective associations between childhood cardiovascular disease risk
factors and spinal pain occurrences, and to examine for a moderating role of health-
related physical activity in these relationships.

Methods: In this prospective study, we used data from the Childhood Health, Activity,
and Motor Performance School Study Denmark (CHAMPS Study-DK) participants. The
exposure variables were clustered cardiovascular risk score and homeostasis assessment
model-estimated insulin resistance (HOMA-IR) score collected in 2008 and 2010. The
spinal pain outcome comprised the number of weeks of non-traumatic spinal pain from
2008-2010 and 2010-2012. Mixed negative binominal regression models were created to
investigate the prospective associations of cardiovascular disease risk factors and non-
traumatic spinal pain, along with the potential moderating role of health-related
physical activity in these relationships.

Results: Girls with low HOMA-IR scores and boys with low clustered cardiovascular
disease risk score who engaged in higher levels of moderate-to-vigorous physical activity
reported more weeks of spinal pain. Also, boys with higher clustered cardiovascular
disease risk who had less time in moderate-to-vigorous physical activity reported more
weeks of spinal pain.

Conclusion: Our results suggest that there may be an association between cardiovascular
disease risk factors and future spinal pain. However, this relationship is dependent on
sex, age, and health-related physical activity behaviour. Further research is needed to

better understand the reasons for and implications of these relationships.
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Background

Spinal pain is a significant public health problem. Even during adolescence low back pain
is ranked as one of the top ten causes of years lived with disability (GBD 2017 Disease
and Injury Incidence and Prevalence Collaborators, 2018) and adolescents with low back
pain have a higher risk of reporting low back pain in adulthood (Hestbaek et al., 2006).
Musculoskeletal conditions commonly co-occur with other chronic diseases as part of
multimorbidity (van der Zee-Neuen et al., 2016; Williams et al., 2018). Multimorbidity is
the co-existence of two or more diseases within an individual with the assumption that
none of the diseases are more central or take precedence over the others (Fortin et al.,
2004; Lefevre et al., 2014; Orueta et al., 2013; van den Akker et al., 1996; van den Akker

et al., 2001).

One such multimorbidity is cardiovascular disease, which has been shown to be
associated with low back pain in adults (Ha et al., 2014) and cardiovascular disease risk
factors contributing to metabolic syndromes are more prevalent in those reporting high-
intensity chronic pain (Goodson et al., 2013). Spinal pain has been longitudinally linked
with cardiovascular disease risk factors in children (Hebert et al., 2019) and a causal
relationship between cardiovascular disease and musculoskeletal conditions has been
suggested (Williams et al., 2018). Clustering of cardiovascular disease risk factors begins
to manifest in childhood and continues into adulthood (Khoury et al., 1980; Strong et al.,
1992; Webber et al., 1979). Childhood could, therefore, be the time to reduce
modifiable cardiovascular disease risk factors not only to reduce risk of cardiovascular

disease but, if a causal link exists, potentially also other conditions such as spinal pain.
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This study aimed to 1) investigate any prospective associations between childhood
cardiovascular disease risk factors and spinal pain occurrences, and 2) examine for a
moderating role of health-related physical activity in these relationships. We
hypothesized that children with greater cardiovascular disease risk factors would be at
increased risk of developing spinal pain and that health-related physical activity would

moderate this relationship.

Methods

Study design and Ethics Permissions

In this prospective cohort study, we used data from the participants of the Childhood
Health, Activity, and Motor Performance School Study Denmark (CHAMPS study-DK)
(Wedderkopp et al., 2012). Participating children from ten schools were enrolled into
the study on a rolling basis starting from October 2008. The sample comprised children
from 6 years to 11 years of age at the time of enrolment who were followed until June

2014 (Franz et al., 2014; Fuglkjzer et al., 2017).

This current analysis was conducted in two phases (including the same participants in
both phases). Phase one included cardiovascular disease risk factors sampled in
September — October 2008 and spinal pain data collected from November 2008 to
November 2010. Phase two included cardiovascular disease risk factors sampled in
September — October 2010 and spinal pain data collected from November 2010 to

November 2012.

Ethics approval was obtained from the Regional Scientific Committee of Southern

Denmark for the CHAMPS study-DK (ID S20080047) and the study was registered with
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the Danish Data protection Agency, as stipulated by Danish law J.nr 2008-41-2240.
Written informed consent was obtained from parents. Every child and parent also gave
verbal consent for all clinical examinations. Ethics approval for the current analysis was
also given by Murdoch University Human Research Ethics Committee (Approval number:

2019/012).

Cardiovascular disease risk factors

Blood samples and other measurements of cardiovascular disease risk were taken in
2008 and 2010, including fasting blood samples and systolic blood pressure. Fasting
blood samples were obtained between 8.00 — 10.30 AM, stored on ice, and transported
to the laboratory within four hours, where they were pipetted, centrifuged, and stored
at -80 degrees Celsius (Hebert et al., 2017). Biochemical serum markers included: total
cholesterol, high-density lipoprotein cholesterol (HDL-C), total cholesterol: HDL-C ratio,
triglycerides, glucose, and insulin (Hebert et al., 2017). The homeostasis assessment
model-estimated insulin resistance (HOMA-IR) score was calculated as insulin (uU/ ml) x
glucose (mmol/1)/22.5 (Hebert et al., 2017; Matthews et al., 1985). The HOMA-IR
assessment has been found to be reliable and valid within a population of children and

adolescents with obesity (Conwell et al., 2004; Keskin et al., 2005).

Systolic blood pressure was measured with an automated blood pressure monitor
[Welch Allyn® (New York, USA) vital signs monitor 300 series with FlexiPort™]. Blood
pressure was taken seated after the participants had rested for five minutes and were
recorded at 1-minute intervals until three stable measurements or five total
measurements were obtained. The mean of the final three measurements was used for

analysis (Hebert et al., 2017).
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The primary exposure variable was a clustered cardiovascular risk score, which has been
reported as a better measure of cardiovascular health in children than a single risk factor
(Andersen et al., 2003). The clustered cardiovascular risk score was calculated by
summing the standardized values of systolic blood pressure, total cholesterol: HDL-C
ratio, log triglycerides, and log HOMA-IR (Klakk et al., 2014). All scores were then
converted to positive values, with larger scores representing higher levels of
cardiovascular disease risk (Hebert et al., 2017). The secondary exposure variable was
the HOMA-IR score. We calculated tertiles for each exposure variable to be able to

distinguish between the group of children with low and high-risk values.

Spinal pain outcome

Spinal pain was defined as any pain during the past week in either the neck, mid-back,
and/or low back. Spinal pain data were collected through an automated text message
each Sunday over 5.5 years. The average weekly response rate was 96.5% (Franz et al.,
2014). When pain was reported, the parents were called by phone the following day. If
pain persisted at that time, the child had an examination with a clinician (Franz et al.,
2014). ICD codes were used to classify the spinal pain diagnosis at the time of
examination and occurrences were classified as traumatic or non-traumatic (Franz et al.,
2017). Additionally, research staff examined linked medical records for additional

information.

In the current analyses, we excluded all occurrences of diagnosed spinal pain arising
from a traumatic aetiology (e.g., fracture, sprain, contusion). Therefore, the spinal pain
outcome comprised the number of weeks of non-traumatic spinal pain occurring in each

of the two study phases. To be included in the analysis, participants needed to have at
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least 60% valid reporting of spinal pain data during the respective two-year phase. For
example, to be included in phase one, participants needed at least 60% valid reporting
of spinal pain data in phase one, irrespective of reporting in phase two. We divided the
analysis into two phases because the collection of the cardiovascular disease risk factors

were collected at two timepoints, two years apart.

Covariates

Demographic information was collected through a questionnaire at baseline. Potential
moderators and confounders included age, sex, and time spent in moderate-to-vigorous
intensity physical activity. Physical activity was measured objectively every second year
using Actigraph GTX3 accelerometers (Hebert et al., 2015; Wedderkopp et al., 2012).
Participants wore the accelerometer at the right hip, using a customised elastic belt, for
seven consecutive days during waking hours (except when swimming or bathing). Data
on physical activity were included if the participant accumulated at least ten hours of
wear time on four or more days. Physical activity was measured as counts per minute
and minutes spent in different intensities (sedentary, light, moderate, and vigorous) of
physical activity, which gave an estimate of the overall mean physical activity for an
average day. We applied standard cut-points to identify moderate and vigorous physical
activity intensities, and isolated the proportion of the day in moderate-to-vigorous
intensity physical activity (Hebert et al., 2015; Wedderkopp et al., 2012). These
covariates were chosen due to their potential associations with back pain (Beynon et al.,
2019a; Beynon et al., 2019b) and cardiovascular disease risk factors (Andersen et al.,

2006).

Statistical analysis
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Demographic data were reported descriptively including mean and standard deviation
(SD), or median and interquartile range (IQR) depending on the nature of the variable

distribution. We log-transformed exposure variables with non-normal distributions.

In the first analysis (phase one), we used the baseline cardiovascular disease risk factors
sampled in September — October 2008 as predictors for the number of weeks with at
least some non-traumatic spinal pain from November 2008 to November 2010. In the
second analysis (phase two), we used the cardiovascular disease risk factors variables
sampled in September — October 2010 as predictors for the number of weeks with at

least some non-traumatic spinal pain from November 2010 to November 2012.

To examine prospective associations between childhood cardiovascular disease risk
factors and spinal pain occurrences (aim one), we constructed separate, mixed negative
binominal regression models to investigate the prospective associations of
cardiovascular disease risk factors and non-traumatic spinal pain for each risk factor at
each of the two study phases. Negative binomial models are well suited for zero-inflated
count data (weeks with spinal pain) (Hardin and Hilbe, 2014). To account for the
hierarchical nature of this school-based study, we included each child’s school class
identifier as a random effect in all models. Age was added as a covariate and sex as a
potential modifier by adding an interaction term with the cardiovascular disease risk
factor. Model results were reported with unstandardized beta coefficients (B) and 95%
confidence intervals (Cl), stratified by sex. The lowest tertile groups (i.e., tertile one) was
used as the reference for the HOMA-IR and clustered cardiovascular disease risk factor

exposure groups.
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To examine the potential moderating role of health-related physical activity in the
relationship between cardiovascular disease risk factors and spinal pain (aim two), we
repeated the same modelling procedure and included a three-way interaction between
clustered risk, sex, and moderate-to-vigorous physical activity. We examined the nature
of these interactions by stratifying model results on sex, estimating the predicted

margins, and plotting these results graphically.

Data were analysed using and Stata/SE version 15 (StataCorp, TX). P values <0.05 were

considered statistically significant.

Results

Overall, 1630 participants (52% female) participated in the study. In the first study
phase, the study sample consisted of 1099 children (52% female) with a mean (SD) age
of 8.4 (1.4) years and the second phase included 1129 children (52% female) with a

mean (SD) age of 10.4 (1.4) years (Table 1).

The prevalence of any kind non-traumatic spinal pain was very similar between phase
one and two. However, there was a higher mean duration for weeks with spinal pain in
phase two compared to phase one. In phase one, 62% of the 1104 children reported no
non-traumatic spinal pain, 19% reported one week with at least some spinal pain, 6%
reported two weeks, 4% reported three weeks, and 9% reported four or more weeks
with spinal pain. In phase two, 60% of the 1291 children reported no non-traumatic
spinal pain, 15% reported one week, 5% reported two weeks, 4% reported three weeks,

and 15% reported non-traumatic spinal pain in four weeks or more (Table 2).

Cardiovascular disease risk factors and future spinal pain
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In phase one, when children had a mean age of 8-10 years, we found that girls with
moderate log HOMA-IR scores (tertile two) were less likely to experience non-traumatic
spinal pain compared to girls with low log HOMA-IR scores (tertile one) (B [95% Cl]= -
0.83 [-1.57, -0.08]). In phase two, when children had a mean age of 10-12 years, girls
with high log HOMA-IR scores (tertile three) were less likely to experience non-traumatic
spinal pain than girls with low log HOMA-IR scores (tertile one) (B [Cl]=-1.57 [-2.63, -
0.51]). There were no other associations between the cardiovascular disease risk factors

and spinal pain (please see Appendix A for reporting of all estimates).

Cardiovascular disease risk factors, future spinal pain, and the moderating role of

physical activity

In phase one, there were no associations between the cardiovascular disease risk factors
and non-traumatic spinal pain when accounting for the moderating role of health-

related physical activity (Figure 1).

In phase two, there was a significant three-way interaction with log-HOMA-IR,
moderate-to-vigorous physical activity, and sex (p= 0.009). Overall, girls with low HOMA-
IR scores who engaged in higher levels of moderate-to-vigorous physical activity
reported more weeks of spinal pain. Also, boys with lower clustered cardiovascular
disease risk and more time in moderate-to-vigorous physical activity reported more
weeks with spinal pain. Further, boys with higher clustered cardiovascular risk who had
less time in moderate -to-vigorous physical activity reported more weeks of spinal pain

(Figure 2).

Specifically, girls with low (tertile one) log HOMA-IR risk scores and more moderate-to-
vigorous physical activity had a higher likelihood of non-traumatic spinal pain than girls
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with moderate (tertile two) and high (tertile three) log HOMA-IR scores (significant two-
way interaction p= 0.009 and 0.001 for tertile two and three respectively) (Figure 2, Al).
Boys with low (tertile one) log HOMA-IR scores and more time in moderate-to-vigorous
physical activity had a higher likelihood of non-traumatic spinal pain than boys with
moderate (tertile two) log HOMA-IR scores (significant two-way interaction p=0.033)

(Figure 2, A2).

Boys with low (tertile one) clustered cardiovascular disease risk scores and more time in
moderate-to-vigorous physical activity reported more weeks with non-traumatic spinal
pain than boys with high (tertile three) cardiovascular disease risk scores (significant
two-way interaction p=0.024) (Figure 2, B2). Furthermore, boys with a high (tertile
three) clustered cardiovascular disease risk score and less moderate-to-vigorous physical
activity were more likely to experience non-traumatic spinal pain than boys with low
(tertile one) clustered cardiovascular disease risk score (significant two-way interaction

p=0.024) (Figure 2, B2), this association was not found in girls (Figure 2, B1).

Discussion

Girls with low HOMA-IR scores and boys with low clustered cardiovascular risk score
who engaged in higher levels of moderate-to-vigorous physical activity reported more
weeks of spinal pain. Also, boys with higher clustered cardiovascular risk who had less
time in moderate-to-vigorous physical activity reported more weeks of spinal pain. We
only observed the moderating effect in the oldest cohort (phase two). Thus, our results
suggest that there may be an association between cardiovascular risk factors and future
spinal pain, however this relationship is dependent on sex, age, and health-related

physical activity behaviour.
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Comparisons to previous literature

We are unaware of studies that have investigated the moderating role of health-related
physical activity in the relationship between cardiovascular disease risk factors and
spinal pain. However, several studies have evaluated these relationships separately.
Previous research found that girls with spinal pain had greater clustered cardiovascular
risk compared to girls without spinal pain, independently of health-related physical
activity (Hebert et al., 2019). Similarly, adults with higher levels of cardiovascular risk
factors or a history of cardiovascular disease reported more low back pain (Ha et al.,
2014; Leino-Arjas et al., 2006). Considering other illnesses within comparable young
populations, previous associations have been identified between early life chronic
ilinesses and back pain in young populations, with individuals with chronic inflammatory
conditions reporting more back pain in adolescence and young adulthood compared to

those without the condition (Beynon et al., 2020a; Beynon et al., 2020b).

There is inconsistent evidence regarding the nature of the relationship between spinal
pain and physical activity (Beynon et al., 2019a; Beynon et al., 2019b; Heneweer et al.,
2011). It has been suggested that the association between physical activity and low back
pain should be considered on a continuum, a ‘U-shape distribution’ (Campello et al.,
1996). This has been supported by results from a population-based study which found
cross-sectional associations between extremes of physical activity (too much or too
little) with chronic low back pain, particularly in women (Heneweer et al., 2009).
However, this was contradicted by Heuch et al. (2016) who reported no evidence of a U-
shaped relationship between physical activity and low back pain. Schiltenwolf and

Schneider (2009) called for longitudinal studies to consider this relationship between
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low back pain and physical activity, and in our longitudinal analyses we found that
physical activity moderates the association of cardiovascular disease risk factors and
spinal pain in older children. This finding supports the idea that depending on an
individual’s cardiovascular disease risk score, age and sex, too much or too little exercise

may be associated with increased spinal pain.

Methodological considerations

Strengths of the current study include its longitudinal design and large, representative
cohort of children. We used uniquely robust measurements of spinal pain,
cardiovascular disease risk factors, and physical activity. Spinal pain data were collected
with weekly text messaging which likely reduced recall bias with high levels of

participant engagement and clinical examinations.

Although models were adjusted for some potential modification and confounding there
might have been other factors not included, as a source of confounding. Consequently,
there is potential for residual confounding. The severity of the spinal pain was also

unknown.

Our study was an exploratory hypothesis generating study that requires confirmation
before considering clinical or policy-related implications. Thus, we cannot make
confident judgements about causation, as the temporality has not been established.
However, as spinal pain is uncommon in very young children (Franz et al., 2014), we
expect that relatively few children had established spinal pain prior to enrolment in the
study. Nevertheless, additional evidence is needed to judge the causal nature of these
relationships between cardiovascular disease risk factors, physical activity, and spinal
pain.
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Conclusion

This study considered the prospective associations between cardiovascular disease risk
factors with future non-traumatic spinal pain, and the moderating role of health-related
physical activity. Girls with low insulin resistance and boys with low clustered
cardiovascular risk score at baseline, when children were approximately 10-12 years of
age, and who spent high amounts of time doing moderate-to-vigorous physical activity
reported more weeks with spinal pain during the two year follow up. Boys with higher
clustered cardiovascular risk who had low amounts of time doing moderate-to-vigorous
physical activity also reported more weeks with spinal pain. Thus, there appears to be a
relationship between insulin resistance, cardiovascular risk factors and future spinal pain
in older children and this relationship might be moderated by physical activity. Further
research is needed to better understand the reasons for and implications of these

relationships.
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Table 1: Baseline descriptive demographics and cardiovascular risk variables for each study

phase.
Variable 2008 (phase 1) 2010 (phase 2)
(n) Mean (SD) (n) Mean (SD)
Age (yr.) Girls (572) 8.3(1.4) Girls (588) 10.3(1.4)
Boys (527) 8.4 (1.4) Boys (541) 10.4 (1.4)
Body mass index (kg/m?) Girls (571) 16.4 (2.1) Girls (588) 17.5(2.5)
Boys (522) 16.3 (2.0) Boys (540) 17.1(2.3)
Insulin (LU/mL) Girls (479) 3.9(2.9) Girls (447) 5.1(2.9)
Boys (447) 3.4(2.1) Boys (429) 5.0 (6.6)
Glucose (mmol/L) Girls (478) 4.5 (0.4) Girls (447) 4.7 (0.3)
Boys (447) 4.7 (0.8) Boys (429) 4.9 (0.8)
HOMA-IR Girls (478) 0.8 (0.6) Girls (447) 1.1(0.7)
Boys (447) 0.7 (0.6) Boys (429) 1.3 (4.5)
Systolic BP (mm Hg) Girls (555) 101.1(8.1) Girls (588) 102.0(8.2)
Boys (510) 101.5 (8.7) Boys (541) 102.3 (8.1)
Total Cholesterol (mg/dL) Girls (478) 174.5(28.8) | Girls (447) 167.8 (26.2)
Boys (447) 167 (25.7) Boys (429) 163.2 (25.3)
HDL Cholesterol (mg/dL) Girls (478) 63.0 (13.7) Girls (447) 62.1(12.8)
Boys (447)  66.1(13.3) | Boys (429) 64.3 (14.1)
Total:HDL-C (mg/dL) Girls (478) 2.9(0.7) Girls (447) 2.8(0.7)
Boys (447) 2.6 (0.6) Boys (429) 2.6 (0.6)
LDL Cholesterol (mg/dL) Girls (478) 99.3 (26.7) Girls (447) 93.5(23.8)
Boys (447) 90.6 (23.7) Boys (428) 87.4 (22.4)
Triglycerides (mg/dL) Girls (478) 60.8 (23.7) Girls (447) 59.0 (26.6)
Boys (447)  52.1(20.9) | Boys (428) 54.4 (27.6)
Clustered CV risk score Girls (467) 12.8(2.6) Girls (447) 16.1(2.6)
Boys (433) 11.8(2.5) Boys (428) 15.4 (2.9)
MVPA (% of day) Girls (591) 7.4(2.3) Girls (608) 7.2(2.6)
Boys (519) 9.0 (2.5) Boys (532) 9.6 (3.1)

HOMA-IR: homeostasis assessment model-estimated insulin resistance, BP: blood pressure, HDL-C: high-
density lipoprotein cholesterol, LDL-Cholesterol: low-density lipoprotein cholesterol, CV: cardiovascular,
MVPA: moderate-to-vigorous physical activity.

Table 2: Number of weeks of reported non-traumatic spinal pain for each study phase.

Phase 1 (Nov 2008-Nov 2010)

spinal pain

Mean (SD) Median IQR Range n (%)
2 1-week with pain
Number of weeks Girls (587) 1.7 (5.4) 0 1 Oto 62 241 (41)
with non-traumatic Boys (517) 1.3(5.9) 0 1 0to 75 179 (35)
spinal pain
Phase 2 (Nov 2010-Nov 2012)
Mean (SD) Median IQR Range n (%)
2 1-week with pain
Number of weeks Girls (676) 3.1(8.5) 0 2 Oto91 284 (42)
with non-traumatic Boys (615) 1.9 (6.8) 0 1 0to 90 230 (37)
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Summary of Chapter Six and link to next chapter

This CHAMPS Study-DK analysis found that girls with low insulin resistance score
(HOMA-IR) and had a high amount of time doing moderate-to-vigorous physical activity
reported more weeks with spinal pain. Additionally, boys with low clustered
cardiovascular disease risk who had high amounts of time doing moderate to vigorous
physical activity and higher clustered cardiovascular disease risk who had low amounts
of time doing moderate to vigorous physical activity reported more weeks with spinal

pain.

As far as we know, no other study in any other study population has considered the
moderating role of health-related physical activity in the relationship between
cardiovascular disease risk factors and spinal pain. Therefore, this was an exploratory
study about hypothesis generation. To better understand the relationship between

these factors the results require replication in different populations.

We then moved on to consider the potential relationship between CRP and spinal

pain within this cohort.
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Chapter Seven- No association between sub-clinical
elevation of C-reactive protein levels and spinal

pain trajectories in children (CHAMPS Study-DK).

The aim of this study was to investigate the associations between sub-clinical
elevation of CRP levels and spinal pain from childhood to adolescence. Specifically, we

examined for differences in mean CRP levels between spinal pain trajectory subgroups.

This manuscript has been prepared for publication and formatted for publication in

the Pediatrics.

Beynon AM, Wedderkopp N, Walker BF, Leboeuf-Yde C, Hartvigsen J, Hebert JJ. No
association between sub-clinical elevation of C-reactive protein levels and spinal pain

trajectories in children (CHAMPS Study-DK).
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Article Summary: Through group-based trajectory modelling, this study identified
distinct trajectory of spinal pain in children and investigated the association between CRP

and spinal pain trajectories.

What’s Known on This Subject: Spinal pain is the leading cause of disability and can
affect children. Preliminary evidence points to a link between CRP and spinal pain.
Prospective data are needed to study the relationship between CRP levels and spinal pain

in young populations.
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Abstract:

Background and Objectives: Spinal pain is the leading cause of disability worldwide and

can affect children. Preliminary evidence points to a link between C-reactive protein
(CRP) and spinal pain. The aim of this study was to investigate the associations between
sub-clinical elevation of CRP and different trajectories of spinal pain frequency from
childhood to adolescence.

Methods: We used data from the Childhood Health, Activity, and Motor Performance
School Study Denmark (CHAMPS study-DK). High-sensitivity CRP (hs-CRP) was
measured from blood samples. The outcome variable was the number of weeks of non-
traumatic spinal pain. Group-based spinal pain trajectories were generated using group-
based trajectory modelling. The association between hs-CRP and spinal pain trajectory
subgroup membership was investigated with multinominal logistic regression.

Results: Based on data from 1556 participants, there were five distinct spinal pain
trajectory subgroups from 6 to 17 years of age: “no pain” (55.3%), “rare” (20.3%), “rare,
increasing” (10.9%), “moderate, increasing” (6.0%), and “early onset, decreasing”
(1.3%). There were no differences in mean hs-CRP at baseline between spinal pain
trajectory subgroups.

Conclusions: Whilst there were some fluctuations in of spinal pain frequency between the
trajectory groups, most children reported spinal pain rarely or not at all. There was no
significant association between the hs-CRP levels and the spinal pain trajectories. Future
studies should consider including follow-up of children into adulthood, assessments of
other inflammatory markers, and measurements of outcome based on other types and

definitions of spinal pain.
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Introduction

Globally, spinal pain is the leading cause of disability' and affects people across their life-
course including children and adolescents.?? Spinal pain is complex and has been found
to have many possible contributors, including genetic, physical, and psychosocial
factors,* and follow different trajectories in sufferers.’”’” Low-grade persistent
inflammation has been proposed as a biological mechanism for an array of health
conditions®® and there is some evidence that points to a link between elevated levels of
pro-inflammatory biomarkers and spinal pain.!®!!

C-reactive protein (CRP) is a sensitive marker of inflammation in the human body. Adults
generally have relatively stable levels of CRP with a median concentration of 0.8mg/l,
with occasional increased levels usually linked to infections or trauma.'? CRP levels
greater than 10 mg/L (clinical levels) are likely to indicate current infection and acute
inflammation.'? Sub-clinical levels of CRP, between 1-3 and 10mg/L, have been
associated with multiple factors for poor health,’ such as metabolic syndromes,'*13
coronary heart disease,'%"!” and diabetes.?*?! In children, CRP has been correlated with
cardiovascular risk factors such as fibrinogen, HDL-cholesterol, heart rate and systolic

blood pressure, as well as measures of adiposity.?>??

There is also preliminary evidence that points to a potential link between CRP and spinal
pain. For example, there is moderate quality evidence showing positive associations
between CRP and the presence and severity of low back pain in adult populations,'®!! and
authors of a large cross-sectional population-based study (N=15,322) reported that
participants with obesity and high CRP levels had an almost three-fold increased odds of
reporting low back pain (odds ratio [95% CI] = 2.86 [1.18 to 6.96]).%* Data from cross-
sectional studies in older or mixed general populations indicate that increased

inflammation may alter the experience of spinal pain by altering underlying

103



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

sensitisations.'%?*2® However, longitudinal data are needed to study the relationship

between CRP levels and spinal pain over time in particular in children and adolescents.

Thus, the aim of this study was to investigate any associations between sub-clinical CRP
levels and different courses of spinal pain from childhood to adolescence. Specifically,
we examined for differences in mean CRP levels at baseline between spinal pain

trajectory subgroups.
Methods

Study design and FEthics Permissions

We analysed data from the Childhood Health, Activity, and Motor Performance School
Study Denmark (CHAMPS study-DK).?’ Participating children from ten schools were
enrolled into the study on a rolling basis starting from October 2008, and comprised

children from 6 to 11 years of age at the time of enrolment, and were followed until

2014.2%%

Ethics approval was obtained by the Regional Scientific Committee of Southern Denmark
for the CHAMPS Study-DK (ID S20080047) and the study was also registered with the
Danish Data protection Agency, as stipulated by Danish law J.nr 2008-41-2240. Written
informed consent was obtained from every parent. Every child and parent also gave
verbal consent for all clinical examinations. Ethics approval for the current analysis was
also approved by Murdoch University Human Research Ethics Committee (Approval

number: 2019/012).

C-reactive protein

High-sensitivity CRP was measured from blood samples obtained at baseline. Fasting

blood samples were obtained in the morning (8.00 — 10.30 AM), stored on ice and
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transported within 4 hours to a laboratory, where they were pipetted, centrifuged, and
stored at -80 degrees Celsius.>® High-sensitivity CRP (hs-CRP) refers to the lower
detection limit of the assay compared to CRP. The immunoassays for CRP have been
shown to be well-standardized, robust, and reproducible.'? Data points with hs-CRP > 10
mg/L were excluded because this is likely to indicate current infection or acute

inflammation rather than chronic inflammation.'?

Spinal pain outcome

Spinal pain was defined as pain in the neck, mid-back and/or lower back. Spinal pain data
were reported by parents each week over five and a half years (November 2008 to June
2014) via text messaging. Specifically asking the parent: “Has [NAME OF CHILD]
during the last week has any pain in: 1. Neck, mid back and/or lower back, 2. Shoulder,
arm or hand, 3. Hip, leg or foot and 4. No my child has not had any pain.” Additionally,
diagnosed spinal pain was identified through clinical examination and audit of linked
medical records. Diagnosed spinal pain was classified as traumatic or non-traumatic in

origin.’!

We excluded all incidents of diagnosed spinal pain occurring from a traumatic aetiology
(e.g., contusions, sprains, strains, fracture). The outcome variable of non-traumatic spinal
pain comprised the number of weeks of spinal pain excluding spinal pain with a traumatic
diagnosis. The follow-up data were grouped into 6-month timepoints starting from
baseline. The number of weeks with reported spinal pain per 11 half years were used to
create 11 timepoints on which we modelled the non-traumatic spinal pain trajectories. For
spinal data to be included at a particular timepoint, participants needed to report at least
60% valid data during that six-month period (i.e. they had to respond to the weekly text

message at least 60% of the time).
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Covariates

Potential moderators and confounders included: sex, pubertal status, body mass index,
and health-related physical activity (proportion of waking time in moderate-to-vigorous
intensity physical activity [MVPA]). Demographic information was collected through a
questionnaire at baseline. Puberty status was assessed at baseline and once a year through
a self-reported Tanner stage in structured interviews. Tanner stages were reported on a
scale of 1 to 5, with higher scores representing later pubertal status, based on self-
assessments of pubic hair development in boys and breast development in girls.3>33
Anthropometric measurements were taken at baseline and twice a year for five years.
Height was measured with a portable stadiometer (SECA 214, Seca Corporation,
Hanover, MD, USA) to the nearest .5 cm, and body weight was measured using a
calibrated Tanita BWB-800S digital scale (Tanita Corporation, Tokyo, Japan) to the
nearest 100g. Age- and sex-specific BMI categories for underweight, normal weight,
overweight, and obese were calculated for all participants according to the International
Obesity Task Force criteria.** Physical activity was measured objectively every second
year using Actigraph GTX3 accelerometers and we applied standard cut-points to identify
moderate and vigorous physical activity intensities, and isolated the proportion of the day

in MVPA 2735

31,36,37 and

These covariates were chosen due to their associations with spinal pain
CRP.?>34 Previous research demonstrates a higher prevalence of spinal pain in females
and with advanced pubertal status.’®3” There are mixed results regarding the relationship
between body mass index and spinal pain.*®*” Physical activity has been found within the
CHAMPS Study-DK cohort to be associated with future spinal pain.’! Physical exercise
has been shown to reduce CRP levels in adults, which could in turn lower the risk of

coronary heart disease by moderating inflammation.*’ There are mixed results regarding
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sex differences but females have been found to overall have higher levels of CRP in a

38,39

general population, additionally in children girls have also been found to have higher

levels of CRP than boys.??

Statistical analysis

Demographic data were reported descriptively including mean and standard deviation

(SD) of hs-CRP. Data were analysed using Stata S/E version 15 (StataCorp, TX).

Missing data on spinal pain were imputed by multiple imputation using random hot deck
imputation. Random hot deck imputation is a logic-based approach in which a pool of
‘donors’ with similar characteristics are identified and used to impute the missing value.
This method allows for the uncertainty of imputation to be accounted for. Five imputed
datasets of spinal pain were created and used within the analyses to create the spinal pain

trajectories.*!

Group-based spinal pain trajectories were first generated using group-based trajectory
modelling to identify trajectory subgroups for spinal pain. Spinal pain was modelled as a
function of age. Compared to variable-centered analyses that endeavour to find
associations between variables (e.g., regression), person-centered approaches such as
group-based trajectory modelling identify subgroups of individuals who share particular
attributes (e.g. course of spinal pain over time).*? Group-based trajectory modelling is a
specialised application of finite mixture modelling that delivers an empirical method of
classifying meaningful subgroups of individuals, based on their patterns of change (i.e.,
trajectories) in outcome over time.*>** Dissimilar to growth mixture modelling, group-
based trajectory modelling uses maximum likelihood estimation to estimate and create an
unknown distribution of trajectories across individuals.** In this way, group-based

trajectory models are well-suited to identify meaningful but unknown homogeneous
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subgroups (i.e., classes) that follow distinct trajectories within a heterogeneous

population.'

Firstly, single class models were constructed and the number of classes, and complexity
of polynomial distributions (e.g., linear, quadratic, cubic) were increased until optimal
models were identified.** A best model fit was selected using all available data estimating
two to eight latent trajectory groups with zero-order, linear, quadratic and cubic terms for
each group. The initial modelling decisions were based on a combination of statistical and
clinical judgments that were subsequently tested with several diagnostic approaches. We
used the Bayesian Information Criterion (BIC) statistic to find clinically relevant
trajectories. Models were then subsequently evaluated with 4 a priori diagnostic criteria:
1) an average posterior probability of individual group membership of > 70 per cent for
each group; 2) obtaining close correspondence between the estimated probability of group
membership and the proportion of participants assigned to each group based on the
posterior probability; 3) reasonably tight confidence intervals around estimated group

membership probabilities and 4) minimum odds of correct classification >5.4344

To investigate for differences in mean hs-CRP (at baseline) between spinal pain trajectory
subgroups, multinominal logistic regression was used. Hs-CRP was used in its original
scale because after excluding values over 10 mg/L its distribution approximated
normality.'®> We reported the mean and standard deviation (SD) of hs-CRP at each time
point and the beta coefficients with 95% confidence intervals. The spinal pain trajectory 1
(No pain) was used as the reference category. Covariates were introduced into the model
initially individually and then in combination, also assessing for any interaction effects
between the variables. Covariates were included, if they were associated with spinal pain
and/or they made >10% changes in the main exposure variable of interest (hs-CRP) when
added or subtracted from the model.
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Results

At baseline, the study sample included 572 females (52%) and 527 males with a mean
(SD) age of 8.4 (1.4) years, and of these, 916 participants had valid hs-CRP (<10mg/L)
results (Table 1). Data from 1556 participants were included in the non-traumatic spinal
pain trajectory model, and mean CRP was calculated among those with valid CRP
measurements at baseline (n=916). Sex and level of health-related physical activity were
found as significant covariates and included in the final model. Body mass index and
pubertal status were not found to be significant covariates nor to make any changes to the

magnitude of association and were therefore not included in the final model.

Non-traumatic spinal pain trajectories

The five-group trajectory model demonstrated the optimal fit and met all a priori
diagnostic criteria (Appendix A). There were five distinct non-traumatic spinal pain
trajectory subgroups from ages 6 to 17 years of age, which were labelled as follows: “no
pain” (55.3%), “rare” (20.3%), “rare, increasing” (10.9%), “moderate, increasing”

(6.0%), and “early onset, decreasing” (1.3%) (Figure 1).

Non-traumatic spinal pain trajectories and mean C-reactive protein levels

There were no differences in mean hs-CRP at baseline between spinal pain trajectory

subgroups (Table 2).

Discussion

We identified five non-traumatic spinal pain trajectories from 6 to 17 years of age. Whilst
there were some fluctuations in the amount of spinal pain within three of the trajectory

groups, three-quarters of children were within the “no pain” or “rare pain” trajectory
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groups. This aligns with results from a recent systematic review, which found three

common patterns of low back pain in adolescence and young adulthood.*’

Contrary to our expectations, there were no significant differences in the mean hs-CRP
between spinal pain trajectory subgroups. This finding is supported by a recent study on
another young cohort study that also found no association between hs-CRP and low back
pain in adolescence and young adulthood.” However, these findings conflict with the
results of a large cross-sectional study of a general population by Briggs et al.>* who
found that elevated levels of hs-CRP increased odds of reporting low back pain,
particularly in individuals who were obese. The sample population within Briggs et al. **
included a mixture of ages including adolescents and older adults. It may be that a direct
relationship between CRP and spinal pain emerges in older populations and is not evident
in young populations. Further, this link could be potentially about comorbidities rather
than just spinal pain and one inflammatory biomarker, CRP. Otherwise, there may simply
not be a link between CRP and spinal pain in younger populations. Future research could
continue to track the population further into adulthood, examine other potential

inflammatory markers, or study other types/definitions of spinal pain.

Strengths and limitations

The main strengths of this study include its longitudinal design over 5.5 years with a large
representative cohort of children, and the robust measurements of spinal pain and CRP.
Spinal pain data were collected with weekly text messaging data which reduced recall
bias and the diagnosis of traumatic/non-traumatic spinal pain enabled spinal pain with a
traumatic diagnosis to be excluded. There was also an extremely high response rate (96%)
to the weekly spinal pain text messages.”® Additionally, the utilisation of imputation

methods ensured there were limited missing spinal pain data.
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Some potential limitations were that although models were adjusted for some potential
confounding there could have been other factors not considered as potential source of
residual confounding. The quality of our spinal pain variable was considered high but
severity of the spinal pain was not measured. Some occurrences of traumatic spinal pain
may not have been diagnosed, therefore included in the spinal pain trajectories. However,
this is not extremely likely because whenever possible there was a medical examination

to diagnosis the spinal pain.

Conclusion

We identified five non-traumatic spinal pain trajectories from 6 to 17 years of age. Whilst
there were some fluctuations of the amount of spinal pain within three of the trajectory
groups, the majority of children reported spinal pain rarely or not at all. There was no
significant association between the spinal pain trajectories and the mean hs-CRP level at
baseline. Future research within this area should consider continuing tracking
children/adolescents into adulthood, examine other potential inflammatory markers or

study other types/definitions of spinal pain.
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Table 3: Number, age and sex of participants at baseline, plus the number of participants with available data for hs-CRP

Timepoint Total number | Age (years) Valid hs-CRP | Mean hs-
of (£10mg/L)*: CRP (mg/L):
participants: Mean (SD) n Mean (SD)
n
Baseline  All 1099 8.4 (1.4) 916 0.47 (0.86)
Girls 572 83 (1.4) 470 0.53 (0.88)
Boys 527 8.4 (1.4) 446 0.42 (0.83)

SD: standard deviation, hs-CRP: High sensitivity C-reactive protein, hs-CRP (<10mg/L)*: those with hs-
CRP (£10mg /L), which indicates acute inflammation

Table 4: Mean hs-CRP estimates at baseline by the non-traumatic spinal pain trajectory in children.

hs-CRP at Spinal pain Spinal pain trajectory 2 Spinal pain trajectory 3 Spinal pain trajectory 4 Spinal pain trajectory 5
timepoint trajectory 1 (“Rare”) (“Rare, increasing”) (“Moderate, increasing”) (“Early onset, decreasing”)
(“No pain”)
REFERENCE
Mean (SD) Mean (SD) B (95% CI) Mean (SD) B (95% CI) Mean (SD) B (95% CI) Mean (SD) B (95% CI)
Baseline 0.52 (0.98) 0.37(0.43) -0.27 (-0.56, 0.02) | 0.47 (0.87) -0.05 (-0.31, 0.21) | 0.44 (0.71) -0.11 (-0.56, 0.34) | 0.32(0.33) -0.41 (-1.76, 0.93)

hs-CRP: high sensitivity C-reactive protein, SD: standard deviation, f3: beta coefficients 95% CI: 95% confidence interval.
Models adjusted for health-related physical activity level and sex




Figure 1 Non-traumatic spinal pain trajectories from 6 to 17 years of age
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Summary of Chapter Seven

Within this final CHAMPS Study-DK analysis, through trajectory analysis we
identified five distinct non-traumatic spinal pain trajectory subgroups from childhood to
adolescence. The largest subgroup (53.7%) was the ‘no pain’ subgroup, followed by
23.1% of participants in the ‘rare’ spinal pain subgroup. Another subgroup with 13.2% of
participants was the ‘rare, increasing’ spinal pain subgroup. The final two smallest
subgroups were the ‘moderate, increasing’ and ‘early onset, decreasing’ spinal pain
subgroups with 5.9% and 1.3% of participants respectively. This shows that most of the
children repeatedly reported no spinal pain or spinal pain rarely, with a minority of
children repeatedly reporting spinal pain, which increases with age towards

adolescence.

Finally, there were no differences in mean hs-CRP levels between spinal pain

trajectory subgroups within this cohort.
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Chapter Eight- Thesis discussion

Overall aim and summary of main findings

The overarching aim of this thesis was to explore aspects of the aetiology of spinal
pain in young populations. Specifically, the aim of this thesis was to investigate if early
life iliness factors such as childhood gastrointestinal, cardiovascular and respiratory
illnesses, or cardiovascular disease risk factors are risk factors for back pain in
adolescence or young adulthood. Also, to investigate if there is a link between CRP and

back pain in young population.

Based on the review articles (chapter two and three) the most likely risk factors for
back pain in children and young adults are female sex, older age towards adolescence
and young adulthood, later pubertal status, positive family history of back pain, and
psychological factors [109-111]. In the assembled literature between-study comparisons
were hampered by a lack of clarity of definitions for back pain. Consequently, the results
are mainly restricted to associations. To assist the analyses we adopted the
methodology of using repeated measures of back pain with clear definitions and applied

it to risk factors of back pain in young populations.

These reviews informed our investigative processes as we drew on high quality

databases to explore our hypotheses. We found:

a) Longitudinal and cross-sectional associations of respiratory and atopic
conditions, with impactful low back pain occurrences in adolescence and young

adulthood (chapter four) [112].

b) A dose-response relationship between the number of chronic inflammatory

conditions and impactful low back pain (chapter four) [112].

c) Girls with low insulin resistance scores and boys with low cardiovascular disease
risk scores who engaged in high amounts of time in moderate to vigorous

physical activity reported more weeks with spinal pain (chapter six).

d) Boys with higher clustered cardiovascular disease risk and low time in moderate

to vigorous physical activity reported more weeks with spinal pain (chapter six).
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e) An explanation for an underlying mechanism was not found by the presence of a
relationship between the inflammatory blood marker CRP and back pain (chapter

five and seven) [113].

Existing risk factor literature in a new light

The first step in working towards our aim was to systematically search and
summarise the existing literature. Previous systematic reviews have mostly looked at
individual risk factors, lacked adequate definitions of back pain, or had not considered
the issue of temporality between exposure and outcome. Taking these parameters into
consideration, our findings [109, 110] agreed with previous systematic reviews
identifying female sex [24, 28, 114] and older age approaching young adulthood [24, 25,
28] as the most common risk factors for back pain in young populations. While we did
account for sex within our analyses, exploring the reasons for sex differences is beyond
the scope of this thesis. It has also been found that adolescent girls with low back pain
have an increased burden of impact when compared to boys with low back pain [35]. It
has been proposed that the reason females are at increased risk of back pain is because
of differences in pain modulation due to oestrogen [115]. However, others have
suggested that these sex differences are likely to be more complex, with
neurophysiological, psychosocial, as well as hormonal factors playing a role [116].
Nonetheless, the findings of this thesis highlight the notion that back pain is complex

and multifactorial.

Previous systematic reviews have similarly identified other likely risk factors of back
pain in young people as being advanced pubertal status [117], a positive family history
of back pain [118], and a prior history of back pain [114, 119]. The common thread for
these risk factors or triggers being that they are predominantly biological in nature. This
theme of risk factors, and in particular, a familial history of back pain, points to a
possible genetic or social component. However, the literature surrounding the role of
genetics in back pain is mixed [50]. Overall, there appears to be at least some genetic
component [120-125]. But, it is worth posing the question, how much of an effect? A
systematic review of twin studies found the heritability effects on low back pain ranged
from 21% to 67% [50]. It was also found that the heritability effects were dependent on

the chronicity and severity of low back pain, with an increased effect of heritability with
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more chronic and disabling low back pain compared to acute and inconsequential low

back pain [50]. This is similar across all spinal regions [123].

One of the important unresolved issues within this field of research is the relative
contributions of the role of ‘nurture’, as opposed to that of ‘nature’. One twin study of
children found no difference in the frequency of low back pain between monozygotic
and dizygotic twins which suggests little genetic effect [126]. However, 41% of the risk of
low back pain was attributed to shared environment and the other 59% to unshared
environmental factors [126]. Similarly, another twin study on monozygotic and dizygotic
twins found that among children shared environmental factors were strong components
in the aetiology of low back pain, but this was not found in older age groups [120]. After
15 years of age, the shared environmental component appeared to be unimportant,
rather the effect of unshared environment components increased, but also the genetic
effect became more evident, indicating the genetic interactions seem likely to increase
as age increases [120]. Our findings of the association between atopic and respiratory
conditions with low back pain (OR [95% CI] = 1.2 [1.0,1.5] and OR [95% CI] = 1.3 [1.1,1.5]
respectively) suggest that one avenue to better quantify the nature and nurture debate

may be to use monozygotic and dizygotic twins with and without these conditions.

We found that psychological features are risk factors for back pain in young people
[111]. These results agree with related systematic reviews. A previous systematic review
also found that children with psychological distress have an increased risk of back pain
[28] and there is moderate-quality evidence that negative emotional symptoms are
associated with later in life musculoskeletal pain (pooled OR [95% CI] = 1.5 [1.1,2.2])
[27]. Also, previous systematic reviews on adult populations found that psychological
factors may play a role in the aetiology of spinal pain [127], but they also appear to
impact the transition to chronicity [127, 128]. More recently children were found to be
at an increased odds (girls: OR [95% Cl] = 4.6 [2.1,10.4]; boys: OR [95% CI] = 8.7
[3.9,19.2]) of reporting spinal pain when experiencing multiple physiological factors in
higher frequencies [129]. These consistent findings, across multiple sources, highlight
the considerable weight of evidence for psychological factors playing a role in the

aetiology of back pain, even in younger populations. Further considering psychological
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factors as risk factors for back pain in young populations was outside the scope of this

thesis.

Also within chapter three, other factors, namely asthma, headaches, abdominal
pain, depression, anxiety, conduct problems, somatization, and ‘feeling tense’ were
found to be associated with back pain [111]. Comparably, previous studies found that
adolescents who reported medium and high levels of stress had an increased likelihood
(OR[95% Cl] = 2.2 [2.1,2.3] and OR [95% CI] = 4.4 [4.3,5.2] respectively) of spinal pain
compared to adolescents who reported no stress [130]. Similarly, increased likelihood
for spinal pain is also seen in adolescents with lower levels of general well-being (OR
[95% CI] = 2.5 [2.3,2.7]) [130]. Based on our systematic review, it is not possible to say
whether illness factors are comorbidities, triggers, or risk factors for back pain. However,
when considered as a whole, the evidence suggests that there appears to be a

relationship between these chronic conditions and back pain.

One limitation of the existing literature that we encountered was the lack of
consistent and adequate definitions of back pain. The consequence being an inability to
directly compare studies and reach more definitive conclusions. Most of the previous
studies considered back pain at single time points, which does not accurately represent
its recurrent and fluctuating nature [131, 132]. The dynamic nature of back pain is
difficult to capture with dichotomous outcomes [132]. The inadequacy of prior back pain
studies in this way further highlights the limitations of cross-sectional studies when
attempting to understand the experiences of people with back pain. Of note is that in
this thesis, to mitigate these inadequacies we used methodological approaches in line
with current conceptualisation of back pain through the use of longitudinal back pain

data and applying clear definitions of back pain.

Contributing to the search for back pain risk factors

In order to say a variable is a risk factor for a condition, a causal relationship must
be established [95]. Even though there are differing opinions on the “Bradford Hill
criteria” and its usefulness [133, 134], it is still one of the most cited concepts in health
research [134]. Although first proposed in 1965, the Bradford Hill criteria are still

relevant and assist researchers in making connections based on a body of research, to
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either aid in identifying causal relationship or to highlight potential avenues for future
research to understand possible causality [133]. These criteria provide a mechanism by
which the findings of this thesis can be placed within the context of the search for back

pain “causes” or risk factors.

There are nine tenets in the Bradford Hill criteria that are used to determine if a
causal pathway potentially exists, namely: 1) strength of association, 2) consistency, 3)
specificity, 4) temporality, 5) biological gradient, 6) plausibility, 7) coherence, 8)
experiment, and 9) analogy [97]. In considering if there is a potential causal relationship
between chronic illnesses and back pain, this thesis undertook analyses to explore

several of the important of the Bradford Hill criteria.

1. Based on the results from the systematic review (chapter three) and from
the Raine Study analysis (chapter four), the strength of the association was
found to be low for individual risk factors with most of the odds ratios just

above one.

2. Consistency was found. The results from chapters three and four for all
included conditions were found to be in the same direction, showing positive
associations between illness factors and back pain. These results are
consistent with the broader literature where musculoskeletal conditions
have been found to increase the risk of chronic disease [38]. They also align
with studies of twins where people with chronic conditions such as asthma,
diabetes, headaches, or were in poor general health, compared to people in

good health, were more likely to report low back pain [50].

3. Due to the complex and multifactorial nature of back pain uncertainty
remains about the specificity of association. For specificity of association to
be shown ideally the outcome would only have one cause. For example, if
the association was observed only in a specific population or in a specific
geographic place, and the outcome variable has no other valid explanation
then specificity of association could be shown. As we cannot say only one
factor alone causes back pain, we cannot say there is specificity of

association.
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4. The longitudinal analysis conducted in chapter four revealed a temporal
relationship between respiratory and atopic conditions during childhood
with future impactful low back pain in adolescence and young adulthood

[112].

5. Biological gradient or the dose response relationship was also examined
within chapter four. This revealed that participants who reported a greater
number of chronic inflammatory conditions had an increased odds of
impactful low back pain in adolescence and young adulthood [112]. This
result supports reports of a dose-response relationship between the number
of early postnatal life pain exposures (infantile colic and otitis media) and the

risk of pre-adolescent spinal pain [67].

6. In terms of the plausibility between inflammatory conditions and back pain,
the proffered causal link from early life inflammation and inflammatory
conditions to back pain, is inflammation-associated activation of the
hypothalamic-pituitary-adrenal axis [49, 60, 61]. Dysregulation of this axis
can lead to overactive responses to later psychosocial or mechanical
stressors and overall hypersensitivity, resulting in pain [49]. However, it
remains that an equally plausible explanation could be that inflammatory
conditions and back pain are comorbid and share a underlying common
origin or mechanism [51, 132], with back pain itself being a result of an

inflammatory condition.

Additionally, when we further consider the results from chapter six, it is
plausible there is some form of relationship between cardiovascular disease
risk factors, physical activity, and spinal pain. The possible biological
mechanism being that inflammation is an important component in
pathogenesis of cardiovascular disease [135] and potentially with spinal pain
as well. However, within this thesis, we found no association between CRP
and back pain in younger populations (chapters five and seven). The
activation in the hypothalamic-pituitary-adrenal axis has been found to be
associated with higher levels of cardiovascular disease risk factors [136].
Physical activity has been found to reduce inflammation [88, 137]. However,
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this is not the case for all types of activity as high intensity training has been
found to induce an inflammatory response [138]. Also, very low levels of
physical activity could be problematic, as children who had lower levels of
physical activity have been found to have increased levels of cardiovascular
disease risk factors compared to children in the most active quintile [139].
This “sweet spot” is also seen in spinal pain where moderate-to-vigorous
physical activity has been found to be protective for spinal pain, whereas
vigorous intensity physical activity was associated with increased spinal pain
[104]. Vigorous physical activity may be related to injuries. Viewed together,
these findings build a case for the likely existence of a relationship between
cardiovascular disease risk factors, physical activity, and spinal pain. This
shows a complex interaction between biological and behaviour factors, and

the frequency of spinal pain reported by young people.

7. Although, we found no association between the inflammatory blood marker
CRP and back pain, other potential biomarkers exist, and to date there are
no conflicting results that contradict this association based on previous
studies or basic science concepts, therefore it cannot be said that there is a

lack of coherence.

8. There is no known experimental evidence testing the relationship between

chronic illnesses and back pain.
9. There is no known specific analogy to support or refute this association.

More evidence is needed to say if there is a causal relationship, a common origin, or
another potential mechanism, but overall, we found associations between some chronic
inflammatory conditions and low back pain. Further exploration of these relationships is

warranted.

Searching for the underlying mechanism

As previously discussed, it remains plausible that there is a link between the
identified inflammatory conditions and back pain. CRP has been shown to be a sensitive
biomarker of inflammation [69] and cross-sectional associations have been

demonstrated between CRP and low back pain but mainly in adult populations [89, 90].
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However, we found no evidence of such a link for low back pain occurrence or

trajectories of spinal pain in younger populations (chapters five and seven).

Future research could continue to track the populations further into adulthood to
determine if the relationship emerges in older populations. It could also be beneficial to
consider other inflammatory biomarkers such as interleukin-6 or tumour necrosis
factors. This recommendation is supported by a recent systematic review that reported
positive associations between CRP, tumour necrosis factors, and interleukin-6 with
nonspecific low back pain in adults [90]. A narrative review article discussing
mechanisms of the adverse effects of early life trauma and long-term risk for disease
susceptibility in later life, found that of all proinflammatory cytokines evaluated,
interleukin-6 findings were the most robust [140]. Interleukin-6 has been described as
one of the most appropriate inflammatory markers to determine the level of
inflammation within individuals [141] and is a relevant stress biomarker [142]. Finally,
interleukin-6 directly stimulates the hypothalamic-pituitary-adrenal axis [143-145] and
this may highlight the role of inflammation in inflammatory related changes to pain

sensitivity.

Methodological considerations

This thesis presents a comprehensive analyses of early life illnesses as potential risk
factors for back pain in adolescence and young adulthood. It comprised a two-part
scoping review, a systematic review, and four longitudinal studies based on two
representative populations of children from different hemispheres of the world. In
addition, innovative statistical approaches were used. Given the above, we contend that
we have contributed to the existing literature in the search for potential childhood risk

factors for back pain.

This thesis has many methodological strengths. Within chapters four and five,
impactful low back pain was measured at four timepoints from adolescence to young
adulthood. This represents a population of young people with low back pain with the
potential to have an increasing health burden of low back pain, to address concerns
around the inadequate definition of back pain. Within chapters six and seven we used

intensive measures of data collection about spinal pain collected weekly over five and a
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half years. This approach reduces the possibility of recall bias. Classifications of spinal
pain were confirmed through clinical examination which enabled us to exclude spinal
pain with a traumatic diagnosis [101]. By undertaking trajectory modelling we were able
to better demonstrate the fluctuating nature of back pain, even within younger
populations, compared to methods that define outcomes at a single time point [94]. This
work contributes towards the literature for risk factors by employing a contemporary

understanding of the chronic and recurrent nature of back pain.

We are also cognizant of several limitations within the thesis. The cohorts the data
were extracted from used differing definitions of back pain. Within chapters four and
five (Raine Study analyses) the outcome variable was impactful low back pain. Within
chapters six and seven (CHAMPS Study-DK analyses) the outcome variable was non-
traumatic spinal pain. Consequently, despite clearly defining these outcome measures
within the respective studies, they cannot be directly compared. Additionally, within
both the Raine Study and the CHAMPS Study-DK cohorts the severity of ‘back pain” was
not measured. Nonetheless, we are confident that the measures we have taken around
impactful back pain and non-traumatic spinal pain make the findings of the thesis
robust. While we did make an attempt to control for confounding there may have been
other factors not considered. We have also only focused on singular risk factors as
opposed to a more comprehensive assessment of risk factors from multiple domains.
For example, a more comprehensive assessment of risk factors could include;
considering factors together such as sex, psychological distress, chronic ilinesses, with
the level of physical activity. In this way we could consider the interaction effect

between biological, lifestyle, and psychosocial factors.

Within chapter two, only two key databases were searched (PubMed and Cochrane
databases), and articles were limited to the English language. Consequently, some non-
English studies may have been missed. However, as this type of research is quite
stereotyped, it is doubtful that any missed articles would have changed the overall

results.

Within chapter three, due to methodological and/or clinical heterogeneity, few
studies could be included together in the respective meta-analyses. Therefore, the

syntheses are based on a small number of studies. Furthermore, we were unable to
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undertake sensitivity analyses or subgroup analyses. Three meta-analyses demonstrated
substantial-to-considerable statistical heterogeneity. Only two of the included studies
were rated as low risk of bias. Whereas, twelve studies were at moderate risk of bias,
and five studies were at high risk of bias. Many of the included studies reported high
attrition rates with poor reporting of drop-outs, and had unclear descriptions of the
source population, the selection criteria and/or the outcome variable (back pain). We
used the best available data at the time. However, future larger studies may change

these results.

Future research and implications of future research

To better understand the aetiology of back pain, future research should carefully
consider how back pain is defined. Validated questionnaires that clearly identify and
define the type of back pain under study (e.g. ongoing, episodic, or first time) should be
utilized. In order to identify a risk factor back pain, data should be collected on the
exposure variable before the onset of back pain. Therefore, it is of value to start

following a population from early life.

Within the literature, there is increasing evidence that the aetiology back pain is
multifactorial, with risk factors from multiple domains, including biological, lifestyle, and
psychosocial factors [20, 31-37, 146]. This thesis further highlights the fact that the
aetiology of back pain is complex and multifactorial. Setting aside frank trauma, it could
be that a combination of risk factors, rather than a single risk factor, leads to the onset
of back pain [35]. Consequently, as demonstrated within this thesis, we must continue
to be more innovative in future investigations of the aetiology of back pain. This should
involve the consideration of cumulative exposures, twin studies, and/or use or
longitudinal approaches such as multi-trajectory methods. Future studies should look at

multiple risk factors from multiple domains together.

This concept of multiple factors contributing to the aetiology of disorders has been
suggested previously through a dynamic, multifactorial, and recursive model of aetiology
in sports injury [147]. This model emphasises the value of investigating intrinsic
predisposing factors along with extrinsic factors, which interact together and increase

the risk of injury [147]. Certain intrinsic risk factors predispose an individual to injury,
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then exposure to extrinsic risk factor/s leaves the individual susceptible, and an ‘inciting’
event leads to injury [147]. In addition, this model further highlights that it is not a linear
model, as once was proposed [148], but rather a dynamic recursive (cyclic) model in
which the outcome may differ with repeated exposure to risk factor/s, and whether the

exposure leads to adaption, maladaptation, injury or recovery [147].

In considering back pain, specific predictive risk factors may predispose individuals
to back pain, and then in combination with other possibly causal risk factors, the
individual could develop back pain. For example, girls (factor 1) with a higher level of
psychological distress (factor 2) could be susceptible to back pain that is consequently
caused by vigorous physical activity (factor 3). The outcome could also change due to
repeated exposures. Consequently, from a clinical point of view, it might be important to

also consider multidimensional interventions, even within young populations.

The complex nature of back pain suggests that prevention and treatment will
require multidimensional interventions. A previous study found that a multimodal
approach including physiotherapy screening, back pain education, individualised specific
exercises, and strength and conditioning training was most effective at reducing the
incidence of low back pain in adolescent female rowers compared to a control group
who just did their usual training [149]. This multidimensional thinking was voiced in a
recent editorial making recommendations for the management of musculoskeletal pain
[150]. Recommendations were made to screen for and address health comorbidities and
other biopsychosocial factors when managing musculoskeletal pain [150]. This thesis,
along with previous research, points to the fact that susceptibility for chronic back pain
could develop during childhood [132]. Therefore, based on the findings of this thesis, it
makes logical sense that these recommendations for adults should also be applied to

younger populations.

In clinical practice and future research there is a need to screen for and address
comorbidities in younger populations. Clinicians tend to work in clinical silos and this
mindset may permeate their conceptualising of the body regions as also being silos
[150]. Musculoskeletal clinicians and researchers may need to consider algorithms that
include conditions or factors that run across multiple domains, such as biopsychosocial
factors and health co-morbidities that could be playing a role in the clinically presenting
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musculoskeletal complaint. Pragmatically this will mean that musculoskeletal clinicians
should enquire about past and current medical history including co-morbidities, and
interventions may require interprofessional collaborations to optimize patient outcomes
[132]. An example is physical activity counselling which could help in the prevention

and/or management of back pain and many of the comorbid conditions.

Conclusion

This thesis has summarised the literature surrounding risk factors for back pain in
young people. This has highlighted the necessity of a contemporary definition of back
pain and informed investigations of data bases to explore relationships between early
life illness factors and back pain. Overall, there is some evidence that early life illness
factors are risk factors for back pain in young populations, but more evidence is needed
to determine if this involves a causal relationship. There appears to be an association
between cardiovascular disease risk factors and spinal pain, however this relationship is
dependent on sex, age, and health-related physical activity behaviour. We did not find
any associations between the inflammatory blood marker CRP and back pain within

these young populations.

The findings of this thesis should inform future investigations that seek to further
elucidate mechanisms to reduce this global financial burden attributed to back pain. The
emerging picture appears to be one of complexity. The continued search for an answer
may lie in identifying early life risk factors for back pain and considering multiple risk

factors from multiple domains together.
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Appendix One- Insight into the longitudinal
relationship between chronic subclinical
inflammation and obesity from adolescence to

early adulthood: a dual trajectory analysis

As a preliminary study to chapter five we identified C-reactive protein trajectories
from adolescence to early adulthood and determined if they were related to body mass

index trajectories.

This manuscript has been submitted for publication to Inflammation Research.
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ABSTRACT

Objectives and Design:

This study aimed to identify C-reactive protein (CRP) trajectories from adolescence to
early adulthood and determine if they were related to body mass index (BMI)
trajectories.

Methods:

CRP and BMI were collected from participants of the Raine Study Gen2 at 14, 17, 20 and
22 year follow-ups (n=1312). A dual trajectory analysis was conducted to assess the
association between CRP and BMI trajectories, providing conditional probabilities of
membership of CRP trajectory membership given BMI trajectory membership. Best
model fit was assessed by systematically fitting two to eight trajectory groups with linear
and quadratic terms and comparing models according to the Bayesian Information
Criterion statistic.

Results:

Three CRP trajectories were identified; “stable-low” (71.0%), “low-to-high” (13.8%) and
“stable-high” (15.2%). Participants in a “high-increasing” BMI trajectory had a higher
probability of being in the “stable-high” CRP trajectory (60.4% of participants). In
contrast, individuals in the “medium-increasing” BMI trajectory did not have a
significantly increased probability of being in the “stable-high” CRP trajectory.
Conclusions:

These findings support that chronic sub-clinical inflammation is present through
adolescence into early adulthood in some individuals. Targeting chronic sub-clinical
inflammation though obesity prevention strategies may be important for improving

future health outcomes.

KEY WORDS

C-reactive protein; sub-clinical inflammation; body mass index; dual trajectory

modelling; The Raine Study
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Introduction

Globally childhood and adolescent obesity is on the rise [1], which is likely to contribute
to escalating negative impact on individuals’ current and future health [1, 2]. Chronic,
sub-clinical pro-inflammation status is one potential biological link between obesity and
poor health across a wide range of health conditions [3, 4]. One potential mechanism
suggested is that hypoxia related death of adipocytes in obese individual precipitates an
immune response resulting in the upregulation of adipocytokine production and
facilitated expression of pro-inflammatory genes [5, 6]. The negative health effects of
chronic, sub-clinical inflammation in children and adolescents who are obese include
higher prevalence of the metabolic syndrome [7-9] and diabetes [10]. Additionally, there
is some indication this may continue to future negative health outcomes in adulthood
[7, 11]. A need for a deeper understanding of the longitudinal relationship between a
chronic, sub-clinical pro-inflammatory status and obesity early in the lifespan has been
recognised [8] as this has the potential of informing novel approaches to prevention [12,

13].

C-reactive protein (CRP) is a sensitive marker of inflammation in the human body. It is
used as a screening tool for many diseases, and for monitoring responses to treatment
of infection and inflammation [14]. C-reactive protein levels are unaffected by food, and
the only known condition that impairs the production of CRP is liver failure. Additionally,
there are limited drugs that reduce the level of CRP unless they also affect the
underlying pathology [14]. C-reactive protein is a useful inflammatory marker in children
and adolescents [15]. The use of trajectory modelling of CRP levels has offered a
longitudinal approach to better understand chronic, sub-clinical inflammation in adults.
Prior research has identified four CRP trajectories over a 10 year period in people aged
47-87 years at baseline (n=2437); “stable-low” (baseline of 1.33mg/L and <3mg/L
throughout, 71.3%), “medium-to-high” (baseline 2.7mg/L increasing to 5.3mg/L, 14.3%),
“high-to-medium” (baseline 6.6mg/L decreasing to 2.4mg/L, 9.9%) and “stable-high”
(5.7mg/L to 7.5mg/L, 4.6%) [16]. People in the “medium-to-high” or the “stable-high”
trajectories had an increased risk of ‘adverse aging outcomes’, such as poor
cardiometabolic health, reduced respiratory and physical function, increased depressive

symptoms, and arthritis, confirming the importance of chronic, sub-clinical inflammation
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trajectories in older adults. This trajectory modelling approach could be utilised in

younger populations.

There have been associations found between CRP and obesity in all ages [17, 18].
Obesity trajectories in early life [19, 20] could potentially relate to CRP trajectories. Dual
trajectory modelling can provide insights into complex longitudinal relationships,
extracting potential developmental linkages between measures [21]. For example, dual
trajectory modelling can assist in determining if a chronic, sub-clinical pro-inflammation
status and obesity emerge contemporaneously or at different times. While longitudinal
assessments of CRP levels in childhood and early adulthood have been reported [11, 22],

to date trajectory modelling of CRP early in the life-course has not been published.

Thus, the aims of this study were; (Aim 1) to identify CRP trajectories from adolescence
to early adulthood and (Aim 2) to determine any association between CRP trajectories
and body mass index (BMI) trajectories during this period. The novel application of dual
trajectory modelling to investigate these relationships from adolescence into early
adulthood would enhance understanding of the development of chronic, sub-clinical
inflammation during the life span, during a time where other research is either cross-
sectional or if longitudinal has only limited data at multiple time points [11, 22]. We
applied group-based trajectory modelling in line with the broader clinical concept of

identifying groups of at-risk individuals.
Materials and Methods

Study design

A longitudinal study using data from the Raine Study Gen2-14, 17, 20 and 22 year follow-
ups was performed. All aspects of the study were approved by the Human Research
Ethics Committees of King Edward Memorial Hospital, Princess Margaret Hospital,
University of Western Australia and/or Curtin University. Participants and/or their
parent/guardian provided written informed consent for data collection. This specific
project was approved by The Raine Study Scientific Review Committee (Project Number
RES0417). Reporting was aligned to the Guidelines for Reporting on Latent Trajectory
Studies (GRoLTS) checklist [23] (Online Resource 1).
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The Raine Study

In the Raine Study, mothers were recruited between May 1989 and Nov 1991 from the
public antenatal clinic at King Edward Memorial Hospital for Women, and from nearby
private practice clinics. A total of 2868 live births were recruited into the Raine Study
cohort [24]. These children (Gen2) have been followed from birth, with ongoing regular
reassessment. Information has been collected on environmental, developmental and
health information covering an extensive range of health areas
(www.rainestudy.org.au). At inception the cohort was predominantly Caucasian (93%).
The characteristics of the Raine Study participants were quite similar to the general

Western Australian population [24].
Data collection

At ages 14, 17, 20 and 22 years the Raine Study Gen2 participants completed
guestionnaires and physical assessments including measures of height, weight and
fasting blood samples. Table 1 presents the total number of participants, their sex and
their age at each of the four follow-up time points. It also provides the number of
participants with available data for each variable and the mean hs-CRP at each time
point. Overall there were 1312 participants who had at least two measurements of CRP

and also two measurements of BMI, to enable the dual trajectory modelling.
C-reactive protein

High-sensitivity CRP (hs-CRP) was measured from the Raine Study blood samples [25]
using an immunoturbidimetric method on an Architect c16000 Analyser. Blood samples
were frozen at -80 degrees Celsius and batch processed soon after collection. High-
sensitivity CRP refers to the lower detection limit of the assay procedures being used.
This has been found to correlate well with representative immunopheloetric assays [26].
The immunoassays for hs-CRP have been shown to be robust, well standardized,
reproducible and readily available [14]. In healthy young adults, the median
concentrations of serum hs-CRP has been reported as 0.8 mg/L [14]. Data points with hs-
CRP > 10 mg/L were excluded, because this was likely to indicate acute inflammation

and current infection rather than a chronic inflammation state [16].
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Body mass index

Measurements were taken in a standardised manner by experienced research staff [27].
Height was measured using a Holtain Stadiometer (nearest 0.1 cm), body weight using a
Wedderburn Chair Scale (nearest 100g). BMI was calculated by taking weight/height2

for all timepoint.
Other variables

Additional variables were obtained to provide demographic description of the cohort
(see Table 2) including birth weight, ethnicity, waist girth (measured with a non-elastic
tape in cm), socioeconomic status, diet patterns and total metabolic equivalent.
Ethnicity and socioeconomic status were reported at birth. Socioeconomic status was
based on economic resources as well as education and occupation, reported as quartiles
[28]. Data on diet type were collected at 14 and 17 years of age. Diet types included
heathy patterns and western patterns dichotomised into more (high) and less (low)
patterns for the two diet types [29]. Data on total metabolic equivalent were collected

at 17 and 22 years of age and reported as minutes per week.
Statistical Analysis

Data were analysed using Stata S/E version 15 (StataCorp, TX). Data were screened for
invalid observations and corrected accordingly. Demographic data on age and sex was
reported descriptively. Descriptive statistics were calculated for the whole cohort and

the CRP trajectory groups. Correlation of BMI and waist girth were assessed at each age.

For the first phase of the analysis, group-based trajectory modelling [30] was performed
to identify hs-CRP trajectories separately to BMI trajectories. Estimating hs-CRP
trajectories addressed Aim 1 (identify CRP trajectories from adolescence to early
adulthood). However, estimating BMI trajectories was also a necessary preparatory step
for the dual trajectory analysis to address Aim 2 (associations between CRP trajectories
and BMI trajectories). Absolute continuous values for CRP and BMI were used to
construct the trajectories. Both CRP and BMI trajectory models were modelled using
censored normal distribution. The trajectories were generated using group-based

trajectory modelling with the Stata TRAJ plug-in module [30]. Group-based trajectory
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modelling is a form of finite mixture modelling which uses maximum likelihood to
estimate and create trajectories of average values within homogenous subgroups of
individuals from the study population, based on distinct groups of trajectory parameters
and excluding within-person variability [21, 31]. Group-based trajectory modelling
utilises a person-centered approach with the aim of identifying groups of individuals
with certain attributes, as opposed to variable-centered analyses which aims to describe
associations between variables [32]. Therefore, this analysis was consistent with our

stated aims.

Participants were included if they had at least two valid measures of hs-CRP and BMI
over the four follow-ups. Missing data was at random. Group-based trajectory modelling
accounts for missing data at random with robust maximum likelihood estimation
methods resulting in asymptotically unbiased parameter estimates [21]. Model selection
decisions were made using Bayesian Information Criterion (BIC) statistic. Models were
identified by systematically deciding on the number of trajectory groups and then
determining the shape of the polynomial trajectories (zero-order, linear or quadratic).
Model selection began with the simplest solution (two groups) and increased the
number of groups and complexity of polynomial shapes until the BIC plateaued, and
every group comprising at least 30 participants [21, 31]. The decision as to the number
of groups was also guided by the goal of analysis [21, 31] with confirmation based on
posterior probability diagnostics [19]. The 5 a priori diagnostic criteria for best fit
included: 1) mean posterior probability 270% for each group, 2) odds of correct
classification > 5 for each group, 3) close approximation between the estimated group
proportions and the assigned membership proportions, 4) reasonably tight confidence
intervals around estimated values, and 5) meaningful distinction between the groups
[21, 31]. Model validity was confirmed by conducting parametric bootstrap sampling on
model parameters to obtain the confidence intervals for group sizes. Models were
estimated using sex as an active covariate given indications female children/adolescents
seem to have higher levels of CRP than males [33]. Sensitivity analyses were completed
for both univariate CRP and BMI trajectory models only including participants with all

four timepoints.
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For Aim 2, the framework of the group-based trajectory analyses was expanded using
dual trajectory modelling [30]. Dual trajectory modelling estimates the trajectory groups
for two outcomes, the probability of membership in the identified trajectory groups, and
conditional probabilities linking membership across the trajectory groups of the two
outcomes [30]. This provided conditional probabilities of membership of hs-CRP

trajectory membership, given BMI trajectory membership.
Results

There was one participant who had three timepoints excluded due to hs-CRP >10, and
17 participants who had two timepoints excluded due to hs-CRP >10. Otherwise, only
single timepoints were excluded from participants due to hs-CRP >10. Overall there
were 1312 participants who had at least two measurements of CRP and also two
measurements of BMI, to enable the dual trajectory modelling. Table 2 presents
descriptive statistics for the whole cohort included in this analysis (N=1312) and for the
CRP trajectory groups. Very high correlation between BMI and waist girth were noted

(between 0.867-0.900).
C-reactive protein trajectories (Aim 1)

The three-group trajectory model for CRP demonstrated the optimal fit and met all a
priori diagnostic criteria (Online Resource 2). The three-trajectory group model
demonstrated good model fit with the average posterior probabilities of membership
for each class above 75%. Trajectory group 1 with the majority of individuals (71.0%)
were “stable-low”, trajectory group 2 (13.8%) were “low-to-high” and trajectory group 3

were “stable-high” (15.2%) (Figure 1).
Body mass index trajectories

The four-group trajectory model for BMI demonstrated the optimal fit and met all a
priori diagnostic criteria (Online Resource 2). The four-trajectory group model
demonstrated good model fit with the average posterior probabilities of membership
for each class > 89%. Trajectory group 1 were “low” (53.0%), group 2 (32.8%) were
“medium”, trajectory group 3 were “medium-increasing” (11.0%) and trajectory group 4

were “high-increasing” (3.1%) (Figure 2).
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Dual trajectories of C-reactive protein and body mass index (Aim 2)

The probability of being in the 3 different hs-CRP trajectories differed significantly
depending upon the assigned BMI trajectory (chi-sq=136.41, p<0.001), displaying a
longitudinal relationship between these measures (Figure 3, Table 3). For example, of
those in the “high-increasing” BMI trajectory, 68.9% were estimated to belong to the
‘stable-high’ hs-CRP trajectory, with only 9.1% and 22.1% estimated to be it the “stable-
low” or “low-to-high” hs-CRP trajectories respectively. In contrast, of those in the “low”
BMI trajectory, 81.7% were estimated to belong to the “stable-low” hs-CRP trajectory
with a minority estimated to be in the “stable-high” and “low to high” hs-CRP
trajectories. In the “medium-increasing” BMI trajectory, there was not a higher
probability of being in the “stable-high” hs-CRP trajectory versus the other hs-CRP

trajectories.

Sensitivity analyses were completed for both the univariate trajectory models of BMI
and CRP only including participants with all four timepoints, without a discernible

change to results (see Online Resource 3 for sensitivity analysis results).

Discussion

Three trajectories of hs-CRP (“stable-low”, “low-to-high”, “stable-high”) were identified
from adolescence into early adulthood, with the “stable-high” suggesting the potential
existence of chronic, sub-clinical inflammation earlier in life than previously reported.
This is a novel finding for this period of the life span, having only previously been
identified in older adults [16]. Additionally, the trajectory with higher hs-CRP levels over
time was associated with the trajectory with a “high-increasing” BMI over time, but not
those in the “low” trajectory. This aligns to recent suggestion of a group of high-risk
individuals identified in a cross-sectional design [34]. The identification of the
association between hs-CRP and BMI trajectories demonstrates a longitudinal
relationship, which will be important to consider in the context of developing protocols
for risk-profiling, disease prevention and monitoring of treatment effectiveness [8, 12,

13].
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Trajectories of C-reactive protein (Aim 1)

It has been suggested that CRP levels tend to be stable over time [14], though with an
overall increase with increasing age [35]. However, the identification of trajectories of
hs-CRP suggests that levels of sub-clinical inflammation are more complex than
previously thought. One prior study utilized hs-CRP trajectory modelling in older adults,
and identified three trajectories in common with groups in our study [16]. A “stable-low”
trajectory represented 71% of participants in both samples, and the ascending
trajectories about 14% in both samples. A difference was an absence of a descending
trajectory in our data, which might be related to the different age profiles of the two

studies. Continued tracking of CRP levels/trajectories in our now young adult sample

over time will be valuable, with ongoing data collections occurring.
Relationship between C-reactive protein trajectories and BMI trajectories (Aim 2)

Using dual trajectory analysis we found a link between higher levels of hs-CRP and
higher BMI. No previous study using this approach to assess the relationship between
chronic, sub-clinical inflammation and obesity has been reported. More broadly in the
literature, longitudinal investigations of the relationship between chronic inflammation
show links between sub-clinical inflammation and obesity at all ages [17, 18], supporting
mechanistic links between obesity and a pro-inflammatory state [3, 4]. Our results

provide new insight into this relationship.

The association of higher levels of CRP with higher BMI is consistent with this broader
literature. Using data from late adolescence (age 18, n=3877) and early adulthood (age
22, n=3483), positive associations between CRP levels and a broad array of adiposity
measures were documented in a birth cohort in Brazil [22]. A positive association has
also been shown from childhood (age 6-8 years) to adolescence (age 12-16 years) in
Spanish schoolchildren (n=272) [36]. Our trajectory analysis supports these findings,
while expanding them using data from four time points rather than two, providing data
at multiple times not only for adiposity but also for inflammation, and specifically
investigating sub-clinical inflammation. Taken together these studies indicate that an
overall pro-inflammatory state is more likely to be present in individuals with higher BMI

as they transition from childhood, through adolescence and into early adulthood.
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Strengths, limitations and methodological considerations

Use of community-dwelling participant data from the Raine Study enables the
extrapolation of the results to the general population. Having participants of the same
age with data collected from them at four separate timepoints allows for a fidelity in the
trajectory patterns during this period of the lifespan that has not been previously
possible. The Raine Study cohort is predominantly Caucasian [24], and ethnicity can
influence CRP levels (highest to lowest levels: African Americans, Hispanics, South
Asians, whites, and East Asians) [37]. However, there appeared to be minimal difference
between the trajectory groups in terms of ethnicity (Table 2). Medication use at the time
of blood collection, such as anti-inflammatories, was not known. Blood samples were
frozen for variable, short time frames before processing, but short term storage in this
manner is unlikely to significantly affect the assay outcomes [38, 39] (in comparison to
storage for many years which may have an effect [40]). Although data points with hs-
CRP >10 mg/L were excluded, as this is likely to indicate acute inflammation and current
infection rather than a chronic inflammation state, aligning with previous research
methodology [16], there was still a possibility elevated CRP <10mg/L could still be

secondary to acute illnesses.

Trajectory modelling is an increasingly popular method of analysing data over time.
Debate continues around the use of different types of models [31, 41]. In interpretation
of the results it is important to consider that; (1) individuals do not actually belong to a
trajectory group, rather groups are used as a convenient approximating device to
represent a more complex underlying reality, (2) the number of groups is not
immutable, and (3) the trajectory is a summary device that describes the behaviour of
individuals following approximately the same course (just the same way as an average
will not exactly match each data component contributing to it; no individual trajectory
will exactly match the group trajectory). The potential influence of other time-varying
covariates on the form of the BMI and CRP trajectories and the association between
them, such as physical activity, diet or allergies, was not considered in this study. These
may be either confounders or on the mechanism pathway for the relationships. Further

detailed analyses will be needed in future studies.
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We opted to use BMI as the measure for adiposity in presenting the results of this study,
given the high correlation between BMI and waist girth at all timepoints (between
0.867-0.900) and its use in other research. Given the complexity in involved in different
measures of adiposity [42], there may be benefit in further research investigating the
relationship between chronic, sub-clinical inflammation and other measures of

adiposity.
Clinical relevance and future directions

The findings of this study support the presence of a chronic, sub-clinical, pro-
inflammation state in individuals who are overweight/obese that persists from
adolescence into early adulthood. Recognition of this as a mechanism in the negative
effects of obesity at this stage of life appears warranted. Elevated sub-clinical levels of
CRP inducing the presence of a pro-inflammatory state have been linked to health
disorders affecting multiple body systems [9, 14] including cardiovascular disease,
diabetes, mental health and musculoskeletal pain/arthritis. Trajectory based modelling
of hs-CRP in adults [16] supports this in adults, and future research should assess
possible links between the early-life trajectories identified here and specific health
conditions as well as risk factors for future poor health. Further the emergence of this
relationship may well start even earlier than adolescence [36], which would benefit from
additional research using trajectory-based modelling. This is an important area of
investigation as globally childhood obesity is increasing, including in developing
countries [43]. This is projected to have a major impact on the global burden of non-

communicable diseases [44].

It has been suggested that CRP levels during childhood and adolescence could be utilised
in risk-profiling, monitoring disease states and to assess the effectiveness of treatment
purposes [12, 13]. There is some suggestion it could increase the fidelity of risk profiling
as part of a broad screening approach rather than just weight/adiposity screening [3, 13,
37]. Monitoring inflammatory status along with weight and body fat may be beneficial in
providing additional insight into the potential complexity in interpreting clinical change
[8]. Interestingly, it has been suggested monitoring CRP may be a useful motivational
tool for patients in need of making lifestyle changes [12]. Overall though, the clinical

utility of monitoring CRP from childhood to adolescence to early adulthood requires
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further linking of longitudinal data, such as that in our study, with specific clinical

outcomes.

Rather than considering prevention and management of health disorders and risk
factors in silos, addressing obesity and chronic, sub-clinical pro-inflammation together as
potential modifiable factors is warranted given the likely associated substantial disease

burden [2, 45-49].
Conclusion

Overall, we found an associated between hs-CRP and BMI from adolescence to early
adulthood. “Stable high” CRP trajectory membership was most likely in participants
estimated to be in the “high-increasing” BMI trajectory group, and less likely in
participants estimated to be in the “low” BMI trajectory group. Defining chronic, sub-
clinical inflammatory trajectories from adolescence into early adulthood is an important
step in understanding the significance of obesity in early life on health status at the time
and into the future. The association of hs-CRP trajectories with BMI trajectories early in
the life course indicate a longitudinal relationship between these measures, which is
consistent with a biological link between sub-clinical inflammation and obesity. The
information provided here should assist efforts to translate this knowledge into better
clinical practice to prevent and manage inflammation and obesity related issues early in

life.
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Table 1: Age, number and sex of participants at each follow-up, plus the number of

participants with available data for each variable.

Raine Total Had hs- Had hs-CRP Mean BMldata Waist girth

Study Participants CRP <10mg/L hs-CRP (n) data
Follow-up (n (% data (n) (mg/L) (n)

Ages female)) (n)

(mean

(SD))
14.1(0.2) 1865 (49) 1370 1355 0.76 1606 1582
17.1(0.3) 1693 (50) 1268 1239 1.33 1251 1205
20.0(0.5) 1577 (50) 1173 1118 1.61 1325 1335
22.2(0.8) 1235(52) 980 938 1.65 1068 1067

SD = standard deviation, hs-CRP =high sensitivity C-reactive protein, BMI = body mass index

172



Table 2: Characteristics of the cohort included in this study and for each of the C-

reactive protein trajectory groups.

Cohort C-reactive protein trajectory group
included in
study
stable-low low-to-high stable-high
(n=1312) (n=987) (n=137) (n=188)

Birth

Birth Weight (g) (mean(SD))

3301.0 (620.9)

3296.5 (637.4)

3209.0 (626.2)

3391.9 (511.4)

Ethnicity (n (%))

Caucasian 1142 (89.0) 859 (89.2) 118 (88.1) 165 (88.7)
Aboriginal 31 (2.4) 23 (2.4) 4 (3.0) 4(2.2)
Polynesian 10 (0.8) 9(0.9) 0 (0.0) 1(0.5)
Vietnamese 3(0.2) 3(0.3) 0 (0.0) 0(0.0)
Chinese 49 (3.8) 29 (3.0) 9(6.7) 11 (5.9)
Indian 30 (2.3) 25 (2.6) 3(2.2) 2 (1.1)
Other 18 (1.4) 15 (1.6) 0(0.0) 3(1.6)

Socioeconomic status (n (%))

Economic Resources
1%t quartile 210 (23.8) 169 (25.4) 19 (20.9) 22 (17.7)
2d quartile 226 (25.6) 165 (24.8) 25 (27.5) 36 (29.0)
31 quartile 228 (25.9) 162 (24.3) 32 (35.2) 34 (27.4)
4th quartile 217 (24.6) 170 (25.5) 15 (16.5) 32 (25.8)
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Education and occupation

1t quartile 218 (24.7) 171 (25.7) 23 (25.3) 24 (19.4)
2n quartile 215 (24.4) 157 (23.6) 28 (30.8) 30 (24.2)
3 quartile 232 (26.3) 172 (25.8) 25 (27.5) 35(28.2)
4t quartile 216 (24.5) 166 (24.9) 15 (16.5) 35(28.2)
14 year follow-up
Height (cm) (mean (SD)) 164.5 (7.9) 164.5 (7.9) 164.3 (8.0) 164.2 (8.1)
Weight (kg) (mean (SD)) 57.9 (13.1) 56.2 (11.1) 58.7 (13.6) 66.4 (18.2)
Waist Girth (cm) (mean(SD)) | 75.5 (10.6) 74.0 (9.0) 76.0 (11.2) 82.8 (14.3)
Diet Type (n (%))
Healthy patterns
Less (Low) 401 (55.2) 314 (56.3) 41 (57.8) 46 (47.4)
More (High) 325 (44.8) 244 (43.7) 30 (42.2) 51 (52.6)
Western patterns
Less (Low) 380 (52.3) 280 (50.2) 44 (62.0) 56 (57.7)
More (High) 346 (47.7) 278 (49.8) 27 (38.0) 41 (42.3)
17 year follow-up
Height (cm) (mean (SD)) 172.4(9.2) 173.0 (9.3) 170.1 (9.3) 170.8 (8.4)
Weight (kg) (mean (SD)) 68.3 (14.5) 66.4 (12.4) 68.8 (15.3) 78.0 (19.6)
Waist Girth (cm) (mean(SD)) | 79.2 (11.0) 77.6 (9.2) 79.9 (11.5) 87.4 (15.4)
Diet Type (n (%))
Healthy patterns
Less (Low) 239 (57.0) 174 (56.7) 28 (59.6) 37 (57.9)

174




More (High) 180 (43.0) 133 (43.3) 19 (40.4) 28 (43.1)
Western patterns

Less (Low) 232 (55.4) 171 (55.7) 28 (59.6) 33(50.8)

More (High) 187 (44.6) 136 (44.3) 19 (40.4) 32 (49.2)
Total Metabolic Equivalent 5137.6 5118.2 5641.7 4852.7
(mins/week (mean(SD)) (6155.3) (6260.0) (6369.9) (5492.3)
20 year follow-up
Height (cm) (mean (SD)) 172.8 (9.5) 173.6 (9.6) 169.9 (9.0) 170.8 (8.5)
Weight (kg) (mean (SD)) 73.1 (16.6) 71.0 (14.2) 73.5(17.2) 84.0 (22.9)
Waist Girth (cm) (mean(SD)) | 80.0 (12.4) 78.2 (10.3) 80.6 (13.8) 89.2 (17.0)
22 year follow-up
Height (cm) (mean (SD)) 172.9 (9.5) 173.8 (9.7) 169.9 (8.5) 170.6 (8.3)
Weight (kg) (mean (SD)) 75.4 (17.3) 73.0(14.7) 78.3(21.6) 85.5(21.8)
Waist Girth (cm) (mean(SD)) | 83.3 (13.4) 80.9 (10.7) 86.6 (17.0) 92.9 (17.2)
Total Metabolic Equivalent 3921.1 3943.1 3506.4 4104.9
(mins/week) (mean(SD)) (3721.5) (3742.5) (2895.3) (4087.2)
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Table 3: Model precision using bootstrap sampling: Conditional probabilities of CRP given BMI

group

Body mass index

C-reactive protein

Estimated 95% Cl
Conditional
probabilities (%)

Low stable low 81.7 (77.2,86.2)
low-to-high 11.6 (6.5, 16.6)
stable high 6.7 (3.7,9.7)

Medium stable low 68.6 (58.8, 78.5)
low-to-high 18.4 (8.8, 28.1)
stable high 12.9 (7.6, 18.3)

Medium-increasing  stable low 18.0 (5.4, 30.7)
low-to-high 33.1 (11.1, 55.2)
stable high 48.8 (31.9, 65.6)

High-increasing stable low 9.1 (-6.4, 24.4)
low-to-high 22.1 (-6.3, 40.4)
stable high 68.9 (45.5,92.2)

Cl= confidence interval
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Online Resource 1: Final List of Items of the Guidelines for Reporting on Latent Trajectory Studies (GRoLTS) Checklist: Guidelines for
Reporting on Latent Trajectory Studies

Checklist l1tem Reported?

1. Is the metric of time used in the statistical model reported? Yes
2. Is information presented about the mean and variance of time within a wave? Yes
3a. Is the missing data mechanism reported? Yes
3b. Is a description provided of what variables are related to attrition/missing data? Yes
3c. Is a description provided of how missing data in the analyses were dealt with? Yes
4. Is information about the distribution of the observed variables included? Yes
5. Is the software mentioned? Yes
6a. Are alternative specifications of within-class heterogeneity considered (e.g., LGCA vs. LGMM) and clearly documented? If not, was sufficient Yes

justification provided as to eliminate certain specifications from consideration?
6b. Are alternative specifications of the between-class differences in variance-covariance matrix structure considered and clearly documented? If N/A

not, was sufficient justification provided as to eliminate certain specifications from consideration?
7. Are alternative shape/functional forms of the trajectories described? Yes
8. If covariates have been used, can analyses still be replicated? Yes

| Notes/ Page(P)

Data collection: P9. Table 1.
Figures 1 and 2

|Tab|e 1

VData Collection P9,
Statistical analysis: starting
P10, Table 1

|Resu|ts: P13

Statistical analysis: starting
P10

|Tab|e 1and 2

Statistical analysis: starting
P10

Statistical analysis: starting
P10

N/A for LCGA

Statistical analysis: starting
P10

Statistical analysis: starting
P10




8LT

Not included. Not an option
in utilised software.
Understand that a local
solution with low
trajectories using LCGA is
unlikely.

Statistical analysis: starting
P10

Online Resource 2. From 2-
6 groups.

Online Resource 2

Entropy is not an output
statistic; a number of other
posterior probability fit
measures are provided:
Online Resource 2

Figures 1, 2 and 3

Not included but can be
provided from the authors
at reasonable request

Online Resource 2

9. Is information reported about the number of random start values and final iterations included? No
10. Are the model comparison (and selection) tools described from a statistical perspective? Yes
11. Are the total number of fitted models reported, including a one-class solution? No
12. Are the number of cases per class reported for each model (absolute sample size, or proportion)? Yes
13. If classification of cases in a trajectory is the goal, is entropy reported? Yes
14a. Is a plot included with the estimated mean trajectories of the final solution? Yes
14b. Are plots included with the estimated mean trajectories for each model? No
14c. Is a plot included of the combination of estimated means of the final model and the observed individual trajectories split out for each latent Yes
class?
15. Are characteristics of the final class solution numerically described (i.e., means, SD/SE, n, Cl, etc.)? Yes
16. Are the syntax files available (either in the appendix, supplementary materials, or from the authors)? Yes

Figures 1, 2 and 3, Table 2
Online Resource 2

Note. LGCA = latent class growth analysis; LGMM = latent growth mixture modeling.

Available from the authors
at reasonable request and
with approval given by the
Raine Study committee.




Online Resource 2

TableS2.1: Model selection based on Bayesian Information Criterion (BIC)

C-REACTIVE PROTEIN

Number of BIC?: Total number of BIC?: Total number of Smallest group size®
groups observations participants n (%)
2 -6099.58 -6095.56 286 (21.8%)
3 -6037.45 -6032.29 137 (10.4%)
4 -5998.10 -5991.22 29 (2.2%)
5 -5965.86 -5957.26 28 (2.1%)
6 -6019.76 -6009.44 1(0.8%)
BODY MASS INDEX
Number of BIC?: Total number of BIC?: Total number of Smallest group size®
groups observations participants n (%)
2 -11678.45 -11674.84 194 (15.2%)
3 -11243.86 -11238.44 112 (8.5%)
4 -10944.62 -10937.39 42 (3.2%)
5 -10807.04 -10798.01 16 (1.2%)
6 -10733.43 -10722.59 16 (1.2%)

3BIC: Bayesian Information Criterion (large BIC indicates better fit)
®Minimum group size of 30 participants

TableS2.2: Model fit diagnostic criteria for trajectories

C-REACTIVE PROTEIN

Trajectory group Average Odds of correct  Estimated group Assigned
posterior classification® proportions: membership:
probability?: % (95% ClI) %

%

1. “stable-low” 92.1 22.2 71.0 (67.0, 74.7) 75.2

2. “low-to-high” 75.3 60.8 13.8(10.2, 18.7) 10.4

3. “stable-high” 88.0 104.8 15.2 (12.1, 18.2) 14.3

BODY MASS INDEX

Trajectory group Average Odds of correct  Estimated group Assigned
posterior classification® proportions: membership:
probability?: % (95% ClI) %

%

1. “low” 93.8 46.6 53.0(47.3,58.7) 53.7

2. “medium” 89.6 49.8 32.8(28.5, 37.1) 32.3

3. “medium-increasing” 94.2 313.2 11.0(8.9, 13.1) 10.8

4. “high-increasing” 95.3 1355.1 3.1(1.4,4.9) 3.2

?Lowest acceptable posterior probability 70%
®Lowest acceptable odds of correct classification 5.0

Cl = confidence interval
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Online Resource 3

Sensitivity Analyses for trajectories only including participants with all four timepoints

C-REACTIVE PROTEIN

Trajectory group Average Odds of correct  Estimated group Assigned
posterior classification® proportions: membership:
probability®: % (95% ClI) %

%

1. “stable-low” 95.4 135.9 73.4 (68.1, 78.4) 74.8

2. “low-to-high” 74.0 151.4 11.2 (6.1, 16.4 10.5

3. “stable-high” 85.3 220.0 15.4 (10.5, 20.3) 14.65

BODY MASS INDEX

Trajectory group Average Odds of correct  Estimated group Assigned
posterior classification® proportions: membership:
probability?: % (95% ClI) %

%

1. “low” 90.9 137.5 47.1(34.8,59.4) 47.7

2. “medium” 92.2 128.5 39.3(29.5, 49.0) 38.4

3. “medium-increasing” 94.8 864.9 11.5(7.3,15.7) 11.7

4. “high-increasing” 99.9 240021.5 2.2 (0.6, 3.8) 2.2

2Lowest acceptable posterior probability 70%
bl owest acceptable odds of correct classification 5.0

Cl = confidence interval
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Appendix Three- Online Supporting Appendix for

studies

Chapter Two: Scoping Review of potential risk factors and triggers for

back pain in children and young adults. Part |

Additional file 1: Search strategy used for the literature search

Databases: PubMed, Cochrane Database. Database search from inception to September
2018, limited to English articles.

PubMed Search:

1. “young adult” 13. “causality”

2. “adolescen*” 14. “epidemiological factor”
3. “teenager” 15. “indicators”

4. “juvenile” 16. “prognostic”

5. “child*” 17. “cause”

6. 10R20R30R40R5 18. “comorbidities”,

7. “low back pain” 19. “prevalence”

8. “back pain” 20. “incidence”.

9. “mid back pain” 21. 110R120R130R140R150R 16
10. 70R80R9 OR170R180OR190R 20
11. “risk” 22. 6 AND 10 AND 21

12. “risk factor”

Cochrane Search:

1. young adult OR adolescen* OR teenager OR juvenile OR child*

2. low back pain OR back pain OR mid back pain

3. risk OR risk factor OR causality OR epidemiological factor OR indicators OR
prognostic OR cause OR comorbidities OR prevalence OR incidence

4. S1AND S2 AND S3
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Chapter Two: Scoping Review of potential risk factors and triggers for

back pain in children and young adults. Part Il

Additional file 1: Search strategy used for the literature search

Databases: PubMed, Cochrane Database. Database search from inception to September
2018, limited to English articles.

PubMed Search:
1. “young adult” 13. “causality”
2. “adolescen*” 14. “epidemiological factor”
3. “teenager” 15. “indicators”
4, “juvenile” 16. “prognostic”
5. “child*” 17. “cause”
6. 10R20R30OR40R5 18. “comorbidities”,
7. “low back pain” 19. “prevalence”
8. “back pain” 20. “incidence”.
9. “mid back pain” 21. 110R120R130R140R150R 16
10. 70R80R9 OR170R 18 OR19 OR 20
11. “risk” 22. 6 AND 10 AND 21
12. “risk factor”

Cochrane Search:

1. young adult OR adolescen* OR teenager OR juvenile OR child*
low back pain OR back pain OR mid back pain

3. risk OR risk factor OR causality OR epidemiological factor OR indicators OR
prognostic OR cause OR comorbidities OR prevalence OR incidence

4. S1AND S2 AND S3

189



(TT-TT) TT ¥yl
1yimoud
Jeaul| ‘(saposids) uied |euids
(zT-TT) T WY
:yimou3 Jeau| (M) uled |eulds
(0°¢-¥'T) T'2 :S/v ©3e1s JouuUe]
(8'T-0°T) #'T :€ 98e3s Jauue]
:snie1s
|lemaqgnd ‘(seposida) ujed |euids
(0°-T°2) €°€ YYl :S/p 98e1s Jsuue]
(T°€-S°T) T°T Yyl :€ 28e1s Jouue] , 1201
(0°2-T'T) &°T Wyl 7 98e3s Jouue) Hewnsg
'sn1els ‘(6107)
[exagnd Jae| ‘(sm) uled jeuids (LN) + (LN) (LN) + | (N) | (IN) (IN) | Wog (7'6) v/v X “WagaH [£T]
T6ct
((dgw parenajes) (6'2-9'T) 7' HO) “EljEdishy
((dg1 paremnoed) (T°€-6'T) #'Z ¥O) ‘(y102)
(100" >d ‘T°€€ = TX) :sv|eway (LN) (IN) (1N) (1N) (IN) | (IN) + ylog (1) ¥/T X X X ‘o [97]
((po1endjed) (7°Z-7'T) 6T HO) , OvEl
(z0-10) T°0 :shog Jetiued
(€0-7°0) £°0 15119 “(9102)
:(000T J2d) 2384 BouBpIOU| (IN) | (IN) (IN) (LN) (IN) | (IN) +| ylog 71-9 v/v X X X ‘zuel4 [T]
0s
‘epeue)
(8'€T) ‘(1007)
(0'9-6"T) T°€ YO :1nds yImou8 ysIH (LN) + (LN) (LN) (LN) 0 0 0| wog | vI-€T v/T X ‘uewpyed [z1]
S6
‘pueaszims
(0v1) ‘(o102)
(Z0T-€'T) 9°€ YO :AI01sIY Ajlwed (IN) | (IN) (1N) + (IN) | (IN) | (IN) (IN) | @l | ¥T-€T ¥/T X ‘,angejeg [6]
€LLT
(po1e|nojed) ‘puejuiy
(8T 98e) (€'7-9'T) 6T HO ‘(0102)
‘(91 @88) (0°Z-¥'T) £'T YO :9|ewad (IN) | (IN) (IN) (IN) (IN) | (IN) + | yog 91-ST ¥/T X ‘usuiany [g]
azis dod
dg (ueaw) | (v apy jeuonippy) ‘Aryunoco
(1D %S6) | uied yoeq sio1oey Aorsiy sniels asueu (t/x) dg J0 ‘(qnd jo Jeah)
S91eWI)SO JuUed IS | Jo AuoasiH | wySisH 21WOU0230130§ Apwey |emaqgnd 28y 9e ajewad pELN a8y | uomuyapaesp | ¢ | xn da1 d9N ‘Joy
ajdwes Apnis
uied )peq yum suonieposse (-) annesdau Jo (+) annisod Juedyiusis Jo sonsuRPeIRY) uled ypeg ERITEYETEN]

S31pnis aA1303ds0.d *sa|qelien Josindald [eiodwa) pue ujed )oeq UIIMII SUOIIRIIOSSE pue Salisiiajdeseyd ajdwes ‘ujed yoeg

‘ujed ypeq yum pajerdosse Ajjeuipniiduo| aJe ey} si03dey Suipiodal SIIANLS JAILIIASOYd T 9|1 [euoIPPY

190



0991
‘puejuiy
(pa1RIN21R2) (0°Z-H'T) 9°T HO) | e100)
%6% SA0q ‘%19 s|I8 USUOIIA
28e1ua24ad aouajendld :9jews (IN) (IN) (IN) (IN) (IN) | (IN) +| ylog 9T-ST /T X [8z]
SC91
‘puejuy
‘(9102)
((Pa1eIn21R2) (T°Z-4'T) £°T YWO) ‘usuoPIA
%TE SAq ‘%py SHID :2|ewd4 (IN) | (IN) (LN) (LN) (IN) | (IN) +| ylog | 91-91 v/T X [£2]
80¥LS
(soew) (8'0-5°0) 9°0 YH ‘puejuiy
:snyels jenagnd Jae (9'971) ‘(8007)
(L°€-LT) TE UH 53BN (IN) | (IN) (LN) (LN) - | (IN) i yiog | 8T-¥T v/T X ‘el3eN [92]
(443"
‘Auewssn
‘(£102)
(r'eT) ‘SIMJsH
(0'T-T'T) 9'T YO 9jewa (IN) | (IN) (LN) (LN) (IN) | (IN) +| ylog YI-L v/T [ X -1auoJyl (5]
9101
‘pue|duz
‘(€007)
(LN) 0 (LN) (LN) (IN) | (AIN) | (IN) (IN) | yog | #I-T1 v/T X ‘sauor [€7]
8LT
‘puejdug
(8°€-7'T) T'T Uy :(Wo8ST) ‘(6007)
Y818y uelpaw ueyy Jaroys (LN) + (LN) (LN) (IN) | (IN) | (LN) (IN) | yog | ¥I-TT v/T X ‘sauor (7]
9y
yaewusqg
(421nQ) (9°T-T°T) €'T ¥O (cen)/ /vsn
(vSN) (0'Z-€'T) 9'T 4O (9'11) ‘(1102)
:sniels [euagnd Jaie (LN) 0 (LN) (LN) + | (IN) (LN) (LN) yiogd qT-11 /T | X ‘suassuer [1z]
0096
“Ydewusqg
('S-6"€) €7 MO :pooy3|npe (e'L1) ‘(9002)
Ul dg 40§ 92UaIS3|OpE Ul dg + | (IN) (LN) (LN) (IN) | (IN) | (IN) (IN) | yog | cz-T1 v/v X “1oeqiseH [07]
azis dod
dg (ueaw) | (p =y jeuonippy) ‘“Aiunod
(1D %S6) uted yoeq slopey Aoisiy snjels 3a8uea (b/x) dg J0 ‘(qnd jo seah)
sajewisa ueayiusis | jo AsoisiH | WySieH | dlwoucIao0s Ajwiey jeraqngd | 38y deN | 9ewad X3s 28y | uvonuyepiead | ¢ | XuA | dg1 dgan 49y
ajdwes Apnis
uied peq yum suolierosse (-) annedau Jo (+) aanisod uesyudis JO sansivPeIRY) ujed ypoeg ERIETEIEH]

191



FTECEN

'Y ‘O11ed 92ua|eAdld 1yd ‘O11J SPPO YO ‘D1BWIISS JULIIHUSIS-uoU Ing Palsal :0 ‘UOIIBID0SSE BAIIESAU JUBIIHIUSIS - “UOIIRID0SSE BAIHISOd JUBdIHUS!S + ‘pariodal 10U 1ng Apnis ul papnjou| :(YN) ‘pa1sal 10N :(LN) ‘uonealgnd :qnd

L8

‘wni8|eg

(0v-TT)0ZHO ‘(zo02)

:A10351Y Ajiwed (IN) | (IN) (LN) + (IN) | (IN) | (IN) (IN) | yiog 716 v/T X ‘Msjedzs [G€]

56

(T'€-7'T) T'Z 4O ‘Ae3uny

:A1o3s1y Ajwey (oTT) ‘(8107)

(€7-T'T) §'T YO :98e 42p|0 (IN) | (IN) (LN) + (LN) 2§ 0 0| Yyog 91-L v/€ X X X ‘enzs [pel
(MB)(9'TT-L'7) L' YO :d€ $0 AIo1SIH
(0°T-£0)8°04¥0

:X3pul JIWOU0I301905 JaySIH 880T

(dg snoiasad) ‘elensny

(92T ‘L'¥) £'£ YO (dg snowaud ‘(£107)

ou) (0°€ -T'T) 0T YO :s9jewdS + | (IN) + (LN) (LN) | (LN) +| ylog (¥1) v/€ X ‘Ynws [gg]

S8

(sheps<) (z'£2-0°€) T'6 YO ‘AemIoN

(48m9) (T°£-T'T) LT HO (£vT) ‘(¥002)

:dg 40 AIOISIH + | (IN) (LN) (LN) (IN) | (IN) | (IN) (IN) | wog | 9T-¥T v/T X ‘a110ls [z€]

L6SY

‘ueder

(pe3BIN2IRd) (€'€-9'7) 6°T WO) ‘(s102)

%S JA ¥T ‘%0T JA 6 :98Y (IN) | (IN) (LN) (LN) (LN) + 0 0| uyog 01-6 ¥/T X ‘oues [T€]

658

‘puejuiy

(8'01) ‘(ve6T)

(ST-0'T) T'T HO 3yBiaH (1N) + (LN) (LN) (IN) | (IN) 0 0| ywog | TI-0T ¥/C X ‘uauissIN [0€]

azis dod

dg (ueaw) | (p sy leuoppy) “Anunos

(1D %S6) | uredpoeq siopey Aoasiy sniels a8ueu (r/x) dg Jo ‘(qnd jo Jeah)

sajewllss ucmu_m_:m_m jo >‘_Oum=._ ur_m_mI J1WoU02201D0§ >=Emu_ jediagnd wm< 9|eN ojewa4 XoS wm< uonuyep res|d | ¢ XIIA dg1 d9iN .wmz

ajdwes Apnis
uted ypeq yum suonerosse (-) annedau Jo (+) sanisod ueayiusis JO sonsuaeIRY) uied yoeg ERUEIETEN]

192



(onewneun) (g1

-0'T) €T ¥O (uted [euids 50c1
ansouselp) (4" 1-0°T) “YJewusq
T'T YO :AuAoe [edisAyd ‘(£102)
Ausuaiul snoioBIn (IN) (IN) | (IN) | (IN) (IN) + (IN) (1N) (IN) | (IN) | ylog | zT1-9 v/ X X X ‘zueld [pT1]
c0s
‘epeue)
(09 (8'€T) ‘(666T)
-€'T) ¥°Z YO :Bupjows (1N) +| (UN) | (IN) (IN) (1N) (1N) (1N) (IN) | (IN) | wiog | ¥T-€T ¥/T X ‘uewpyed [€T]
(s¢ 0s
') TT YO :Bupjows ‘epeue)
(TT-0T) TT (8°€T) ‘(To07)
YO :s8uswey 1ysiL (IN) +| (IN) | (IN) (IN) 0 (LN) + (IN) | (IN) | ywiog | ¥T-€T ¥/T X ‘uewpyad [ZT]
(40
‘epeue)
(Tvi-LT) 67 0 (8€T) ‘(2002)
YO DHOM JEj|0d BUYM (1IN) (IN) | (IN) [ (IN) (IN) + (1N) (1N) (IN) | (IN) | wog | ¥T-€T ¥/ X ‘uewpyed [TT]
8LEE
‘puelduz
(8°£1) ‘(z100)
(IN) (IN) | (IN) [ (IN) (1IN) (1N) (1N) (1N) (1N) 0| ylog LT ¥/T X X ‘a199( [0T]
(T'8r-6T) ) 36
S'6 YO :Mods Suike|d puepezZims
(s1-0T) (ovt) ‘(0107)
€T HO ‘INg J8YSIH (1N) (IN) | (UN) | (IN) (LN) + (LN) (LN) (IN) + | 9lel | ¥T-€T v/C X ‘,an3ejeg [6]
€LLT
(shoq) (5'7-€T) ¥'Z YO ‘puejul4
(sl18) (Z'S-L°T) 6T HO ‘(0107)
:das|s uadINSU| (IN) (IN) | (IN) + (IN) (1N) (1N) (1N) (IN) | (IN) | ywog | 9T-GT ¥/T X ‘Usuiany [g]
Y4°]
“JJewusq
‘(9102)
(IN) (IN) | (IN) | (IN) (1IN) 0 (1N) (IN) (IN) | (IN) | wiog | €T-T1T v/ X X X ‘unyey [/]
azis dod
lepo Jom (ueaw) | (p 3y jeuonippy) ‘Anunoo
(1D %S6) | soyaAsd s3eg das)s awn | /Ayane ssauysiL | yiBuans a8uea (p/x) dg J0 ‘(gnd jo aeah)
sajewnsa yueayiusis /ssau|| jows Auep 1004 uaaus | |eaishyd | asnisod | Awmjigixald apsnA | IING pETS a8y | uomuyapiesd | ¢ | XA da1 d9N EaIIEYETEN]

ajdwes Apnis jo
uted yoeq yum suoneposse (-) annedau Jo (+) annisod juedyiusis sansualeIey) uled yoeg ERIIESETEN]

S3IpPN3S aAIIAds0.Id "SI|qEIIEA [EUOIIDJIIPIG SWOS pue uled )oeq UaaM]aq SUOIIBII0SSE pue sdnsiIaydeleyd ajdwes ‘uied yoeg

193



(dg1 1uaisisiad)
(§eTT)6'THO s ves
(9°7TT) LT HO pueteyl
:pioddns g7 oN ‘(s102)
(8'Z-T'T) L'THO (v'6T) ‘lewoueyouey)
:3]psnw penb 1811 (1N) (IN) | (IN) | (UN) (IN) (IN) + + (IN) | (IN) | yiog | Sz-81 v/T X [ve]
(€Z-TT)9T WY
:51010e} |e2130|0Y2ASd
40 [2A3] Y3IH
(oetTT)
8'T Yy :uled |eujwopqy
(TZ-TT)ST Yy
Hlom awil-Hed 9v01
(€T-TT)9T 4 ‘puejduy
:(im/aygT<) Ananoe + ‘(€002)
suiods o [9A3] Y3IH + (LN) 0| (IN) 0 + (1N) (LN) (1N) 0| wod | vI-TT v/T X ‘ssuor [g7]
8LT
Ty ‘puejdu3
-€°T) £°7 "y :swa|qoud + ‘(6007)
193d 40 [9A3] YBIH 0 (IN) | (UIN) | (UN) (IN) (IN) (IN) (IN) (IN) | (IN) | uiog | PT-TT v/C X ‘sauof [zz]
(o1ew) (£'7-Z'T) ' HO
(s1eway) (17 0086
-T'T) 9'T YO 8ydepesy “JJewusq
(o1eway) (£'T (e'L1) ‘(9002)
-T'T) #'T HO ‘ewyisy + (1N) (1N) (1IN) (IN) (1N) (1N) (1N) (IN) | (1N) yiog | ¢t v/v X “YoeqiseH [6T]
0096
dewusq
(te (€£1) ‘(9002)
-'T) £'T HO :Bupjows (1N) +| (IN)| (IN) (1N) (1N) (1N) (LN) (1N) 0| ywog | zz-TT v/v X “oeqisey [81]
T6CT
(da)(8'z-z'T) 8'T MO ‘e|eJisny
(aw) (z6 0 ‘(¥102)
-T'T) T'E HO :Bupjows (IN) + (IN) (IN) (IN) (IN) (IN) (1N) (LN) | (LN) yiog (v1) ¥/T X X X ‘Iio [9T1]
oveT
“Jdewusq
‘(9107)
(1N) (IN) | (IN) | (ON) (IN) 0 (IN) (IN) (IN) | (IN) | ylog | z1-9 v/v X X X ‘zued4 [ST]
azis dod
jeno HJIom {ueaw) {v 2114 |leuonippy) ‘Alaunod
(1D %S6) | soyoAsd s3eg daajls awn | /Auanoe ssauysiL | yrduans a8uea (/x) dg jo ‘(gnd jo aeah)
sajewnsa Jueayiusis | /ssauy| aows | Auey 1004 uaa1s | jedisAyd | aumisod | Aupqixeld | apsn | 1IN Xas 98y | uoniuyap 1ea) XIN | da1 dan ELTEYETEN]
ajdwes Apnis jo
uted yoeq yum suonemposse (-) annedau 1o (+) aausod jueayiusis sansuaeIey) uled oeg EAlIEFETEN]

194



(8'87-6"7) T'6 YO DHOM

S8

[enuew Ag paxonoid ‘AemioN

(ETT-€'T) 8'EHO (LvT) ‘(¥002)

:8uns Aq payonoud (1N) (IN) | (IN) | (IN) 0 + + (1N) (IN) | (AN) | usog | 9T-¥T /T X ‘a10ls [z€]

(AETI(TT-TT) 9T HO L6SY

(4Aot) (S€-¥'T) TT WO ‘ueder

(A6} (T°'5-L'T) 6'THO ‘(s102)

:28uel NG YSIH (IN) (IN) | (IN) | (IN) (1N) (IN) (LN) (1N) (1N) +| ylog | 0T6 ¥/ X ‘oues [T¢g]

698

‘puejui4

(s'o1) ‘(v66T)

(1N) (IN) | (IN) | (IN) (IN) (LN) (IN) (1N) (LN) 0| uywog | TT-0T v/T X ‘uauissIN [0g]

L86T

‘puejuiy

‘(8007)

(sajeway) (v ‘USUO|IA

-v'T) §'7 YO :Bupjows (1N) +] (IN)| (IN) (IN) (LN) (IN) (IN) (IN) | (IN) | yiog | 9T-GT v/T X [67]

0991

‘puejuiy

(shoq) (€'T-0°T) T'T ¥ ‘(€102)

(sH18) (TT-0T) T'T ¥y ‘UBUO|IA

‘Ing (1N) (IN) | (IN) | (IN) (1N) (IN) (1N) (IN) (1N) +| ylog | 91-9T v/T X (82l

(81 , 9291

s118) (5'8-S'T) 9°€ :uY mcm_c_“_

(s118) (ST-€'T) ¥'T *uy (9107)

(shog} (£T-€'T) ST 4y * ‘UBSUO|IA

:noineyaq Buisijeulaixg (1N) (IN) | (IN) | (IN) (IN) (LN) (1N) (IN) (LN) 0| ylod | 91-T v/T X [£7]

80vLS

‘puejuiy

(6T-v'T) (997) ‘(8002)

9'T HH :Bupjows Ajieg (1N) +]| (IN)| (IN) (IN) (LN) (IN) (LN) (IN) | (IN) | ylog | 8T-¥T v/T X ‘ei3en (97]

(441"

‘Auewsag

‘(£100)

(Te Y (reT) ‘8imusH

-8'T) ¥ 4O 3YoepesH + (IN) | (IN) | (IN) (LN) (LN) (LN) (IN) (IN) | (AN) | uwlod | v1-L v/T | X -1auoJy 7]

az|s dod

|ero }Jom (uesw) | (i a1y jeuonippy) ‘Aunos

(1D %S6) | soyaAsd sSeg | das|s awn | /Auane ssauysiL | yr8usns 28ueu (p/x) dg jo ‘(qnd jo aeah)

sajewllss Jueayudis /ssau|| jows Aues Jood uaasns | |earsAyd aimsod | Aujgixsld |apPsnIAl | 1INg Xas 98y | uonuyapaespd | ¢ XIN dg1 d9N EAIIENETEN
ajdwes Apnis jo

uted >aeq yum suoneposse (-) annedau ao (+) sanisod juedyudis sansuadeIRY) uled oeg ERIIESETEN]

195



)S1 DAIIe[2] 1YY ‘Olled 2oudjenasd yd
‘0138 SPPO (YO ‘D1BWIISS JUBIIHIUSIS-UOU INg PISa] 0 ‘UOoIIRIDOSSE dAIleSaU JURdIUSIS - ‘Uoijeldosse aallsod Juedyiusis + ‘palJodad Jou Ing Apnis ul papn|aul ((YN) ‘Pa1s81 10N :(1N) ‘Uonedlgnd :gnd

T06¢

N

(8'€T) ‘(€102)

(1N) (IN) | (IN) | (IN) (LN) (LN) (LN) 0 (IN) | (IN) | Yog €1 /€ X X ‘seiqol [9€]

(8'7-0'T) TZ YO ) L8¢

:[9y21es [ooy2s AAeaH wnigjag

(r'1-TT) TTHO ‘(zo0?)

:da3|s Jo Aujeno (1N) (LN) + + (LN) (LN) (LN) (LN) (IN) | (AN) | ylog | TI-6 /1 X ‘Msjedzs [S¢]
(8L T)TT
:swia|qoud
Buidaals uanbauy

(£°6-L°€) 0°9 WO Hs3p ) <56

|O0Y2S 3|qBLIOJWOdUN Ase3unH

(6z-v'T) THO (o11) ‘(8102)

DWWl AL paseatou (1N) (1N) 0 + + 0 + (IN) (IN) | (IN) | yog | 9T-£ /€ X X X ‘enzs [pel]
(ST-TT)ETHO
:sule|dwod
211BWOS JO 5|9A3| YSIH
(9T-TT)P'T HO
1InoJABY3(Q SAISSIISSe
10 s|ana| ySiH
(8'7-TT)6'THO
:AlAIOR
|eaisAyd paseasou|
(9e-eT)T'T WO
:aJnisod

Sulpuess [esinau-uoN , 8807

(0ezT)6THO eljessny

19oueINpuUd + L102)

ajosnu yoeq Jood (1N) (IN) | (IN) | (IN) (LN) + + (LN) + | (IN) | ylog | (vT) v/€ X ‘Yuws [gg]

azis dod

Jeno Jiom {ueaw) (v =114 [euonippy) ‘Anjunoa

(1D %56) | soydAsd s3eg dasjs awn | /Auanoe ssauydiL | yiSuans a8ueu (r/x) dg J0 ‘(qnd jo Jeah)

sajewnsa uedyiudis [ /ssau aows | Auey 1004 uaas | |edsAyd | aunmisod | Aujiqixald 3psniAl | 1ING X3S 28y | uoniuyapJesp [ ¢ | XAl | 491 d9N ERIIEYETEN|

ajdwes Apnas jo
uled yoeq yum suonemosse (-) annedau Jo (+) annisod juedsyusis sansuaeIEY) ujed yoeg ERIEYETEN|

196



98S

‘uey)

‘(v100)

(€°€-v'T) T YO :9|eWRS (IN) (1N) (LN) (1N) 0 + ylog | vI-21 v/€ X ‘Jeuelq [y

1191

‘ued)

(7'7-1"T) 8'T HO :AJ0ISIH Ajiiey ‘(£102)

(8'T-C'T) 'T HO :3jewad (IN) (1N) + (1N) 0 + yog | vI-TT v/€ X ‘Jeuelq [zy]
(L'9V'T) T'E MO JA+5T
(€'9-5°T) 8T W0 4A T

(9L T)TE MO IAET , Lest

(Tr-zT) Tz HoATE AoinL

(xapul) T YO :4A £T 98y ‘(¥002)

(£°€-¥'T) €T 4O 3jeway (LN) (LN) (IN) (LN) + + ylog | 9z-LT /€ X “Newed (1]

9

‘eisiun]

‘(s002)

(6'5-6°2) 8°€ HO “As0ISIYy Ajlwiey 0 (IN) + (1N) 0 0 0 yiog | 6T-TT v/v X ‘elleg ‘[ov]

SSLT

‘pueszims

‘(v66T)

1°Z HO *Alo1s1y Ajiuuies (IN) (1N) + (IN) | (IN) | (IN) (1N) yog | 91-8 v/1 X ‘,andejeg [6g]

€16

“Fdewuaq

‘(9007)

(0°T-S'T) £'T YO :9]ewa4 (1N) (IN) (IN) (IN) | (LN) + yiog (1) ¥/T X ‘ussiapuy [ge]

091

‘elpu|

(€100)

(6'S-v'T) 9°7 WO :A101s1y Ajiwed (LN) (IN) + (IN) | (IN) | (IN) (LN) ylog | ST-LT /€ X ‘lemJes3y [L¢g]

(S @1y leuonppy) azis dod

{ueaw) (v/x) dg ‘A13unod

(1D %S6) sio)oey | dg Aoasiy snjels a8ueu J0 uouyap ‘(qnd jo 1eah)

sajew}sa yuesyjiusis WSIaH | 31Wouo3301d0S Ajlwey | |eyaqnd | a8y | ojeN | ajewad Xas 28y edn (¢ | XN | 491 | 49N ICRITETETEN|

a|dwes Apnjs jo
uied yaeq yiim suonedosse (-) aniesau Jo (+) anusod juedyiusis salslajeIRY) uted yoeg ERIIESETEN]

S31PNIS [BUOI}I3S-SSOU) "SI|qElIBA Josindaid [esodwa) pue ujed )oeq uaamiaq SUOIIRIIOSSE pue salisiialdeleyd ajdwes ‘uied yoeg

‘uted yoeq Y1IM pajeidosse a.e Jeyy siooey Suinlodal $31ANLS TYNOILIIS-SSOYD i€ 3|1y [EUORIPPY

197



(1N)

(IN)

(LN)

(IN)

(IN)

yiog

v/t

6

‘wni8|eg
‘(666T)
‘8anqzung [15]

(ZT-T'T) T'T YO :98e 43p|0
(€'€-£'T) ¥'7 WO :3jewaS

(1N)

(LN)

(IN)

yiog | LT-0T

v/t

SSYT
‘lizeag
‘(¥107)
‘dnetn [06]

(8°0-%°0) 9°0 YO :3|eWaS

(LN)

(1N)

Yyiog | ¢¢-8T7

v/1

€96
‘vsn
‘(0102)
‘Ao [67]

(1N)

(1N)

(IN)

4N

N

N

yiog | 6T-TT

v/t

05€8
‘vsn

‘(¥002)
‘anopueyn [8y]

(pa1eIn2Ied (6'T-T'T) ST ¥O)
(LT'vTiTo
10413 paepueis :A1o1siy Ajlwe4

(LN)

(IN)

(IN)

yiog | 6¢-0C

v/1

SSET

‘elpuj

“(£107)
‘uesauen [/y]

(ET-TT) T'THO HAYT-TT
(xaput) T YO A TT-0T 93y
(6'T-T°'T) §'T HO :9|ewsaA

(LN)

(IN)

(LN)

(IN)

yiog | ¥1-0T

v/€

1911

‘lizeJg

‘(s107)
‘sopueuss [97]

(9°0-1°0) 0 YO :98e 193Unox

(1N)

(IN)

(1N)

yiog | €1-07

v/t

681
‘pueIBZIMS
‘(1102)
‘aui3 [y

(6'T-T°T) §'T WO 3jewa4

(1N)

(IN)

(LN)

(1N)

(LN)

yiog | 91-¢CT

v/T

S8YE
‘spuelsayiaN
‘(9002
‘Jeewuadsiq

(7]

(12 %s6)
sa3ewi3sa Juesyiusis

Y31eH

slojoe}
JlWwouo3a0l130S

dg Aioasiy
Ajwey

snjels
|exmagng

ady

ajley

9jewsay

{ueaw)
a8ueu

b EIN 98y

(s 214 |euonppy)
(v/x) dg

e | XIN

d91

dg9N

az|s dod
‘An3unod
‘{qnd jo 1eal)
‘@3ualiajey

uted )oeq yum suoneposse (-) anizedau 1o (+) aasod jued

a|dwes Apms jo
sansiadeIRY)

uted yoeg

CRUEIETEN]

198



(1N) (1N) 0 (LN)

(LN)

(LN)

(1N)

Yiog (sT)

/€

061
‘Aemuion

‘(1002)
‘uasuaisiay [65]

(TT-T'T) T'T HO :3jewad (1N) (IN) (IN) (1N)

(LN)

yiog | ST-€T

v/€

8¥0L

‘ureds
‘(€002)
‘soenoy [8S]

£'T Y0 :Aoisly Ajwes
T'T ¥0 :98e Jap|0
(pa1e|nojed)

(T°2-0°T) ¥'T YO ‘9ewa4 +

(1N) + (1N)

ylog vi-L

/€

€ST
‘929349
‘(0102)
‘sdsey [£8]

(1N) (IN) 0 (1N)

(LN)

(1N)

(1N)

yiog | ST-CT

v/T

9CeT
‘puejduz
‘(¥002)
‘sauor [96]

(IN) 0

(IN)

(1N)

(1N)

yiog | ¢1-07

/1

8€9¢
‘spuejsyisN
‘(1100)
‘288as|nH [gS]

(6'0-8°0) 6°0 YO :55€|2 |2120S IBYBIH (1N) + (1N) (1N)

(LN)

(1N)

(1N)

yiog | 8T-CT

v/€

TLLY
“Jdewusq
‘(8007)
“9eq1seH [vS]

%9 JA GT 01 pT 93e I9p|0

(6'7-9'T) T'Z YO :2jeWa (1N) (IN) (1N) (IN)

yiog | 9T-€7

v/v

68€T
dewusqg
‘(666T)
‘AgasseH [g5]

(8'7-T'T) 8T HO A 6T/8T
(€2-TT) L' THO A £LT/9T
(xaput) T YO A GT 23y

(T'Z-0°T) §'T YO :9jewad (1N) (IN) (1N) (1N)

yiog | 6T-9T

v/€

OTTT
‘puejesaz maN
‘(9107)

‘Seey (3]

dg Aoasiy
Ajwey

snjej}s
[evaqnd

(1> %s6)
sajew|3sa Juesyudis

slojoe}

yS1dH | d1Wouod30130S

98y

9_IN

djeway

{ueaw)
28ue.

X3s 28y

(s a1y [euonppy)
{v/x) dg

40 uoniuyap
1e3|d

é | XIN

dg1

dain

az|s dod
‘Aunod
‘{(qnd jo Jeah)
RERITETETEN |

uted yoeq yum suoneosse (-) anijedau 1o (+) aanisod Juedyiusis

9|dwes Apnjs jo
sansliajdeley)

uied yoeg

CllUEREIT:} |

199



(po1e|nojes

(5°0-7°0) €0 YO :ul0d ‘(50
-1°0) T'0 HO :BwiIayI] sa|ewa4) . 9¢
%ES ulod ‘%8/ dwildy Bjewad elensny
%59 u10d ‘%6 SWIIdYT B|BIN ‘(¥102)
a8euadiad aaus|enald (1N) (IN) (1N) (IN) | (IN) + ylog | 9T-¥T /T X ‘BN [£9]
€I8Y
‘ued|
‘(2002)
‘ladpueg
(9°0-7°0) §°0 HO :98v (IN) (IN) (1N) (1IN) - 0 0 yiog | ¥I-TT ¥/ X -1uasyol [99]
996
(0Z-TT)STHAT-ET ‘lednuod
(xapu1) T HO A ZT-0T 28y ‘(v102)
(£'7-9'T) T'Z YO :$3|ewad (1N) (1N) (1N) (IN) + + yiog | 91-0T v/€ X ‘II_PYSUIN [59]
0oL
‘puejuy
(TZ-TT) 9T YO A +TT ‘(8002)
(xopul) T 14O A 8T/LT 98y (1N) (IN) (1N) (1N) +| (IN) (IN) | saleN | 62-8T /T X ‘elnen [#9]
(47474
‘Aley
(0'Z-S'T) 8°T YO :A1o3s1y Ajwieq ‘(8002)
(TT-L°T) 6T WO :3|eWaS (1IN) (IN) + (IN) | (IN) + yog | 9T-€T /€ X ‘oaiseln [£9]
T0TE
(shoq) 6'T ¥O ‘vsn
(slu18) 0°'z O ‘(s002)
:sniels [enagnd Jage (1N) (1N) (IN) + | (IN) 0 0 ylog | LT-TT ¥/T | X ‘ayosaya [29]
908
(22uaosajope “pewuag
Ul UoI1eID0SSE JUed1IUSIS ou) ‘(zo02)
(0°Z-1°T) 8'T YO :uonednps 0 ‘apA
40 [9A3] M| |ejualed uaup|iyd (1N) + (1N) (IN) | (IN) [ (IN) (IN) ylog | 91-8 v/ X -n20qa7 [19]
€LTT
‘puels?)
‘(zooz)
“JIopsuefisiry
7'0 4 :98e J3p|O (1N) 0 (1N) (1N) + 0 0 yiog | 91-TT #/0 | X [09]
(s a1 |euonippy) az|s dod
{uesw) (v/x) d9 ‘Alunod
(1D %S6) si03oe} [ dg Aolsiy snjels adueu 40 uonIuap ‘(qnd jo aeah)
sajew3sa Jueayiusis FUE[E]T] J1WIOU0J30120§ Ajlwey | |euaqnd | 98y | 9jeN | 9jeway Xas 28y e’ |é | XIN | d91 d9IN ‘aouasajay

9|dwes Apnis jo

uted yaeq yum suoneosse (-) anpesau 1o (+) anisod juesyiusis sansualdeIRy) uted ydeg ERUETETEN]

200



(pa1enojed
(£72-T'T) 8'T WO ‘sojewad) —
%805 ,
a3e1usduad aous|esald :sajew lemnyl
%L 79 ‘(v002)
a8ejuaniad aous|easd :ajewsad (IN) (IN) (IN) (IN) | (LN) + ylog | 81-0T v/t X ‘qeyays [sz]
1101
‘lizeag
“(£102)
%P"TT S1USIss|ope ‘oj0330qeIRIS
198unoA ‘91°Gz 4ap|o :38e Jap|0 (1N) 0 (1N) (IN) + 0 0 ylog | L1-0T v/€ X (L]
€OvT
‘uleds
‘(¢102)
(€T-T°T) T'T YO :98e 4op|O ‘OpaIng
(TZ-€T) 9'T YO :3jeway (LN) (LN) (IN) (LN) + + ylog | £1-ZT v/T [ X -san3upoy [g/]
70¢
'S MO ‘anbiquiezoy
9J3U32 UBQJN J3IYy}eam Ul SulAl ‘(¥002)
T YO :243uad |eJayduad u Buinr (LN) + (IN) (LN) 0 0 0 yiog | 91-T1 v/€ X ‘e1sud [z£]
01
‘puejuy
(£'€-2'T) 0°Z YO A0Sy Ajiuueq ‘(9102)
(7'T-T'T) T'T ¥O :(4eaA Jad) 38y (IN) (IN) + (IN) + 0 0 ylog | LI-€1 v/€ X ‘usuesed [T/]
€ECT
‘lizeag
‘(zT02)
(6'T-0'T) ¥'T ¥d :2UYyMm-UoN (LN) + (LN) (IN) 0 0 0 yiog | 6T-€T v/€ X ‘olyouQ [0£]
(S'T-€'T) ¥'T Yd :snouasipuy|
(7' T-T'T) T'T ¥d suelsy 1ot
T :dd 9UYMm :Andiuyig [1zeig
(€T-T'T) T'T dd ‘Atoisy Ajlwiey ‘(9102)
(ET-TT) T'T Ud :2]pway (IN) + + (IN) 0 (i ylog | 0C-v1 v/T | X ‘lloN [69]
L6ST
‘lizeJg
(€T-TT) T'T ¥d :Aoisiy Ajiwey ‘(9102)
(TT-TT)T'T Ud :3jewad (IN) 0 + (IN) 0 + ylog | 91-11 v/T | X ‘lloN [89]
(S a1y jeuonippy) azis dod
{ueaw) (v/x) 49 ‘A13unca
(1D %S6) sioypey | dg Aoasiy snjejs asueu 40 uoniuyap ‘(gnd jo 1eah)
s@)ew3sa uedyiusis WY3i19H | d1WouUod301d0S Ajlwey | |eyaqnd | 98y | sjewy | ojewad Xas 2?8y e (¢ | xuN | 491 | d9n ICRIEIETEN|
a|dwes Apnjs jo
uted yaeq yum suonerdosse (-) aanedau Jo (+) aanisod juedyiusis sansuayeIey) uied yoeg CRIEIETEN]

201



€CT
aouel
‘(666T)
(T°9-7°T) £'7 4O 3jewa (1N) (IN) (1N) (LN) | (IN) + ylog | ST-€T v/T | X ‘A (€8]
(28e|11n) %EY “(Au) %S :@0upISAY svL
(pozginojes ‘spuejssyisN
(b'Z-€'T) 8°T 14O :s3|BWdy) ‘(002)
%6€ S|BIN ‘%15 13|ewdd (LN) + (LN) (LN) 0 + ylog | ¥1-¢1 X ‘U89 uen [zg]
061
‘elUsN0|S
‘(1100)
0 (LN) (LN) (LN) 0| (IN) (LN) ylog | ST-1T v/T X “nL (18]

(s1eway)y'T
YO ‘(31ew)S T YO :98e 4a8unoj m:um._”
(paienojea vsn
(0T-€1) 9'T :HO :9]eWa4) ‘(9002)
%TE OIBIN ‘%EY :BBWa4 (1N) (IN) (1N) (1N) - + yiog | ST1-0T /T | X ‘s33exs [08]
€veE
‘lizeag
(LT-T'T) €T HO LA BT ‘(¥102)
(xapur) T YO A 7T @8y (IN) 0 (LN) (LN) + 0 0 ylog | ST-CT /€ X ‘enlis [6£]
196
‘l1zeag
‘(9107)
(T°€-6'T) ¥'T YO :3jpWS (LN) (LN) (1N) (LN) 0 + ylog | 6T-¥1 v/€ X ‘enlls [8¢]
9€S¢C
vsn
‘(£002)
(£'T1-8°T) 9' YO :2jeway (LN) (LN) (LN) (IN) | (LN) + ylog | 8T-vT v/€ | X ‘ddiys [££]
9C1T
vsn
‘(€007)
(6'7-9'T) T'Z YO :3jeWaS (1N) (IN) (1N) (LN) | (LN) + Yyog | 8T-TT v/T | X ssION-J19ys [9/]
(s 1y |euonippy) az1s dod
(uesw) (v/x) dg ‘A13unod
(1D %56) siopey | 49 AMoisiy snjejs aduel 40 uonuyap ‘{qnd jo seah)
sa3ewW1sa Juedyiusis WYSisH | 21wouod30120§ Ajlweg | |edaqnd | @8y | sjewy | sjewsay Xas 28y Jedd (¢ | XuN | d91 | d9IN ECRITEIETEN|

a|dwes Apnis jo

uied yaeq yam suoneiosse (-) aanesau 1o (+) aanisod juedyiusis sansuaeIey)d uied yoeg ERIIETETE|

202



}SH DAIle[J 1YY ‘O1les aduajenald 1y Joald
pJepuels 135 ‘Ol3ed SPPO YO ‘DILWIISS JUBdIIUSIS-UoU INg Palsal 0 ‘UOIIBIDOSSE SAI1eSaU JURILIUSIS -, ‘UOI1BI0SSE SAINISOd 1UedIIUSIS +, ‘pPanodal Jou Ing Apnis Ul papndu| ((YN) ‘Pa1sa1 10N :(1IN)

474"

‘euyd

‘(z102)

(9°€-6'T) 9°Z :Aos1y Ajiweq 0 {IN) + (LN) 0| (IN) (LN) ylog | LI-€1 v/€ X ‘oeA [68]

ey

(Lr-7'T) €7 :Ao1siy Ay RUBHOZIMS

(#'T-2°T) €T YO :98e 19p|0 ‘(€100)

(0°€-€°T) 6°T YO :2|ewiad (LN) (LN) + (LN) + + ylog | 91-9 v/€ X X X ‘Yuim [88]

[44%

‘puepszims

‘(s102)

(£T-T'T) €T YO :38e 43I0 (LN) (LN) 0 (IN) ¥ 0 0 yiog | 91-0T v/€ X X X ‘Y [£8]

908

“dewusq

‘(T002)

‘ddoxyssppam

(LN) (IN) (IN) (IN) | (IN) 0 0 yiog | 91-8 /€ X X X [98]

7S¢

(T'p-TT) T'Z ¥O 'S 98e15 Ppewuag

(S'€-€T) 0°7 YO it 98e15 (5007)

(xepul) T YO 'T 93e1S ‘ddoysappam

isniess |epagnd Joje (IN) (1N) (1N) + | (IN) (IN) (IN) yiog 91-8 ¥/€ X X X [a8]

144

%ST A 4T “%pT A 1T shog ‘ulejug 1ealn

%€ A YT ‘%8T A TT SHID ‘(€007)

%6T SO[BIN ‘%8T 2|ewad (LN) (LN) (LN) (LN) + + ylog | ¥1-11 v/€ X ‘uosie [v8]

(S a1y [euonppy) azis dod

(ueaw) (v/x) d9 ‘Aaunca

(1D %S6) si010e} [ dg Aloisiy snjejs a8uel JO uoniuyap ‘{(qnd jo aeah)

sajewi3sa Juedyiudis 319 | 21wouo230120§ Ajlwey | |emaqng | @8y | 9N | 9jewad Xas ady 1ed | ¢ | XN | d91 | d9W ‘93u34943Y
a|dwes Apnas jo

uted yoeq yum suoneosse (-) aanesau 1o (+) aanisod Juedyiudis sansuajeIey) uied yoeg ERIESETE |

203



- 8ui03uQ-

- dlposid3- (£107)

v/v Sunpoesy SIS ApPam - ON - X g1/an ‘zuetd [¢T]
Awl

. - (666T)

v/c 4N - ON - (pw o) x 81| ‘uewpped [€T]
i-
Anpigesig- -

- - (t002)

v/c N 2Je2 335~ ON - (4w 9) X g1 | ‘uewpped [zT]
mnl

. . (z002)

/T iN @ ON = (4w 9) X g1 | ‘uewped[TT]
Aﬂnt

‘pasn weudelq "aJieuuonsanb - - (z102)

v/€ pajepljea-aid e pasn - SOA - (yaw 9) X X g1/an ‘a199( [0T]
-
Anjigesig- -

- - (0102)

/T wej3elp pasn 9Je0 }995- ON - X X X g1 | ‘an3eeg [6]
A“nt

. - (0107)

¥/ pash weusdelq 2Je2 )995- ON - (yaw 9) X a7 ‘usuIAny [g]
i

aJieuuonsanb - - (9102)

¥/€ | 9y jo Apnis joid ‘pasn wesSeiq - ON . X g1/an ‘unjey [£]
-
Aijiqesig- 8ui08uQ-

(v/x) awnumoqg- J1posid3l- 1919 Jedh Jeah yjuow | yoam (qnd jo Jeah)

dg Jo uonuyap Jea|d 94ed )39s- J3A3 (T~ uted I< 15ed 15ed 1sed | MON uone’o] JEN|

(aurod 1) paquasap | (sulod 1) (aurod 1) {auod 1)
uoisnpuo) | ejep pijea 339(|0d 03 paydwany | payodal sasusanbasuo) Aianss adAL pouad |jeday dg jo ealy

salpnis aAI3dadso.d :uled yoeg Jo suoiiulap Jo ANle|) iy 3|1} [euoclIppY

204



-

. - (€002)

v/T pasn weiselq - ON - X g1 ‘sauor [€7]
i

. - (6007)

v/z pasn weigelq - ON - X g1 ‘sauor [zz]
-

. . (1107)

v/1 4N - ON - (Yyw €) X é | ‘susssuer[1e]
- 8ui08uQ-

‘pash weJsdeiq "aJieuuosanb - JIposid3- (9002)

v/v paiepljea-aid pasn - ON % X dg1 | “eeqisey [o7]
- 3uj08uQ-

‘pash wedsdeiq "aJieuuonsanb - JIposid3- (9002)

v/v paiepljea-aid pasn - ON - X dg1 | “eeqisey [67]
- 3uj08uQ-

‘pash wedsdeiq "aJieuuonsanb - J1posid3- (9002)

v/v paiepljea-aid pasn - ON - X dg1 | “eeqisey [81]
- 8uj08uQ-

- 1posid3- (6102)

v/v Supess SINS - ON - X 91/dIN ‘WagaH [£T]
Nl

- - (¥102)

v/t UN @ ON 2 X g1/9W ‘19 [97]
- 8ui08up-

- o1posid3- (9100)

v/v Suppesy SINS Apeam - ON B X g1/an ‘zuesd [ST]
-nnl
Anjgesig- 8u108uQ-

(v/x) awnumog- J1posid3- SETY] Jedh Jeah yauow | yoam {qnd jo aeah)

dg jJo uoniuyap Jea|) aJed )aas- 19AD T uted < 1sed 1sed 1sed | mopN uoed07] JEN|

(uod 1) paquasap | (ulod 1) (auod T) (auod 1)
uoisnjauo) | eiep pijeA 323jjo0d 03 paydwany | payodal sasuanbasuo) Aianas adAL pouiad ||eday dg jo eaay

205



n“nl
Aupgesig- =

. - (#002)

¥/T pasn weigelq 9Jed )99s- ON , X X 41 ‘a0l [z€]
ml

- - (sT0T)

v/T pasn weigelq - ON - X X a1 ‘oues [1¢€]
ml

& ¢ (ve6T)

¥/T pasn weigelq 2Jed 995~ ON - X X X X X g1 | ‘usuissiN [0€]
&=

- - (8007)

- - ‘UBSUOWIA

¥/T pash weudelq 8Je0 995~ ON : (4w 9) X g1 [67]
mnl

. - (€102)

- - ‘usuopIN

v/t pasn wesdelq 8Jed §99s- ON - (Yaw 9) X g1 [87]
mnl

- - (9102)

- - ‘USUOWIN

/T UN 9Je0 995~ ON - (43w 9) X g1 (7]
n..ll

. - (8007)

v/C sapod sisoudelp 0T-ADI PasN aJed 3395~ ON - X g1 ‘epnen [97]
mnl

- - (£107)

- - 31musH

/1 4N @ ON = (Yaw 9) X é -18uoJy [57]
ml

s s (sT00)

- - ‘lewoueyauey

v/T pasn weigelq - ON - (Yawe ) X a1 [ve]
I
Aiqesig- 8ui03uQ-

(v/x) awnumoq- Jiposid3- | sane Jedd | Jeah yuow | asm (qnd jo seah)

dg Jo uoniuyap Jea|d aJed yaas- I9A T- | ued < 1sed 1sed 1sed | MoON uol3ed07 JEN|

{auod 1) paquasap | (auod 1) {auiod 1) {auod 1)
uoisnjauo) | elep pijea 309||0d 0} pazdwany | peiiodas sasusnbasuo) [STEETETS adAL pouiad |jeday dg jo ealy

206



syjuow :yjw ‘pajodss Jou (YN 2eq piw g 2eq moj g7 ‘uted doeq :dg

Nl
Aupqesig- -
aJieuuonsanb - - (€T02)
v/€ pajepljea-aud pasn - SOA = X g91/an ‘seiqo] [9¢€]
mnl
# & (zoo7)
v/1 4N = SOA = é é é é < é g1 ‘Dis|edzs [Se]
n.l
awiumoQ- - (8100)
v/€ 'aJieuuonssnb jo Apnis 10|14 242 %99S- ON - X qn/91 ‘enzs [pel
2-
Aupqesig- -
aJieuuonsanb awnumoQq- - (£102)
/€ pajepljea-aud pasn 8JeDd 3995- ON - X g1 ‘Ynws [g€]
T
Anjiqesig- 8u108uQ-
(v/x) awnumoq- J1posid3- SETE] Jeah Jeah yauow | yaam (qnd jo JeaA)
dg jo uoniuyap Jea|d 9Jed yaas- 19AD T~ uied I< i1sed ised 1sed | moN uoles’o] JEN|
(aurod 1) paquoasap | (aulod 1) (aurod 1) (aurod 1)
uoisnjauo) | eiep pijea 339)|0d 03} paidwany | payiodals saouanbasuo) Auanas adA] pouiad |jeday dg jo eaay

207



n_.ll

. - (9002)

- - ‘Jeewuadalq

¥/T weJsselp pasn - ON - X a7 [v¥]

sweJselp pasn

(16°0-7£°0 s3UBIDYYYR00 é-
1yd :3s9384-359] ‘aJ41eUUOnSaNb - -

uo Apnis 10j1d ‘aJieuuonsanb - - (¥T102)

/€ pajepljen-aud paljipolN - ON - X g1 ‘qeuelq [ep]
sweJselp pasn i
(96°0-7£°0 :eddey Aunqesiq - -

Ayjigess 1s93184-158] “Jold swnumoq - = (£102)

/€ aJieuuolisanb uo Apnis 10|14 948D 3985 - SOA - X a1 ‘Jeueld [zv]
m.ll
Aupgesiq - -

(1uswaause 1oa4ad) T+ - - (¥002)

¥/€ | D2l :241eUUOISAND JO ApNis J0|id 4 SSA = X X a1 “Fewnied [Ty]
sweusdelp pasn Aupgesig- Su08uQ-

(0°T-£'0 :eddey) suieuuonssnb awiumoq- J1posid3- (5002)

v/ pajepljea-aud pasn 9Jed )995- ON - X X X g1 ‘ellog (o]
n_.ll

= = (v66T)

v/1 4N - ON - é é é é ¢ é g1 | ‘@n3ejeg [6€]
n_.A|

awumoq - - ‘AN (9002)

v/ 4N 9JEJ )98S - ON = X X X ‘g1 | ‘ussiapuy [ge]
i
*Apnis 3oi1d ul Aupqgesiq - -

pai1selaJd ‘saulaping snolnsad awnumoq - - (€107)

v/ uo paseq aJleUUOIISBND - SOA - X X X g1 | ‘emue8sy (/€]
A-.ul
Aujgesig- 3uio08uQ-

(v/x) awnumog- Jlposid3- | Jane Jeah | ieahA yauow | yaam (qnd jo aeah)

dg jo uoniuyap Jes|d 94ed )a9s- 19AD T~ ujed I< 15ed 15ed 1sed | MON uoljes’o] JEN|

(auiod 1) paquasap | (aulod 1) (auiod 1) {auiod 1)
uoisnjpuo) | ejep pijeA 333]|0d 03 pajdwany | pajlodal saduanbasuo) Ayaanas adAL pouiad ||eday dg jo eaay

$3pNJs [BUOI108S-5504) :uled yoeg Jo suouyap jo Ajlied i 3|1 [euoRIppY

208



Aupgesig- 8ul08uQ-

pash weiseiq awiumoQg- J1posid3- (666T)

/v 'aJieuuonisanb uo Apnis 1ojid 2Je2 %996- SOA - X X X X X a1 ‘Agausey [g9]
3 -

pasn weuSelp ‘aaieuuonssnb - - (9102)

v/€ pajeptjen e pasn palels - S9A - X XIN ‘Beey ]
n_.l -

- - ‘(666T)

swnumoq- - ‘8unqzunp

v/ 4N 9J€J )99S - SOA - X g1 (18]
ﬂ..\ 3

- - (¥107)

¥/t pasn sweadelq - ON - X g1 ‘dnesn [0s]
mu -

- - (o102)

/1 4N 9482 995 - ON - X é ‘Ao [61]

- 8ul08uQ- (¥002)

- J1posid3- ‘anopueyn

v/T 4N - ON - X X é (8Y]
i-
Apqesiq - -

- - (£102)

¥/T 4N = SOA - é é é & ¢ ¢ g1 | ‘uesaueg /]
e

weJselp pasn - - (sT02)

aJieuuonsanb - - ‘sapueusad

v/€ pajepljea-aid e pajdepy = ON = X g1 (o]
-

- - (TT02)

v/t weJgelp pasn - ON - X g1 ‘auwi3 [gv]
ﬁ.l
Ajiqesiqg- Sul08uQ-

(v/x) awnumoq- J1posid3- 19n9 Jeah Jedh yiuow | yoam (qnd jo Jeah)

dg jJo uoniuyap 1es|) 24eJ )99s- 19AD T~ ujed I< 15ed 1sed 1sed [ moN uolje’oq JEN|

{auod 1) paquasap | (iulod T) {auiod ) {auiod 1)
uoisnjpuo) | ejep pijeA 139||03 03 pardwany | pariodal saouanbasuo) Anianas adAL potiad |jesay dg jo ealy

209



e

- - (s002)

/1 YN . SOA = (Yaw g) X é | ‘ayosayen [z9]
i

Aungesig- = ‘(z007)

awliumoq- - ‘BPA

v/ 4N 9JEJ }99S- ON - X X X XIN -jnaoga [19]
-

- - (zo0?)

- - ‘J130psuefisuy

v/0 UN - ON - é 3 é ¢ é é é [09]
i

weJdelp pasnh ‘a4ieuuoiyssnb Aupqesiqg- - (T007)

ay3 pajojid ‘aureuuonsanb awnumoqg- - ‘UasuaISIY

v/€ pajepljen-aud asn 8Jed )995- ON = X X g1 [65]
i
Aupgesig- -

aJieuuonsanb awiniumMoqg- - (€007)

v/€ pajepijea-aid e asn 2Je2 }99S- ON - X X a1 ‘soenoy [85]
i
Aupgesig- -

pash sweaselp ‘a4ieuuoiisanb - - (oT02)

v/€ pajepljer-aid e pasn - S9A - X g1 ‘suidsey [£§]
5 -

® = (+002)

v/ pasn sweudelq - ON - X a1 ‘sauof [95]
A"n -

- - (T102)

/1 4N 3JeD 3335~ ON = X ¢é | ‘988as|nH [5s]
n.W

aJlieuuolnisanb - - (8007)

v/ paiepijea-aud e pasn - ON - X g1 | 19eqiseH [¥S]
A-.ul
Ajiqesia- 3wo3uo-

(v/x) awnumoq- Jiposid3- | Jand Jedh | aeak yauow | yaam {qnd jo 1eah)

dg Jo uonuyap Jes|d 9Jed )93s- J9AD T- uted < 15ed 1sed 1sed | MoON uolje’o JEN|

(uiod 1) paquasap | (auiod T) (auiod 1) {uiod 1)
uoIsnppuo) | ejep pijea 3339|103 0} pajdwally | payodal saduanbasuo) Ayianas adAL poliad |jeday dg jo eaay

210



i
Angesig- -

aJleuuonsanb swiumoq- = (9702)

v/€ pa3epljea-a4d pasn 942 )995- ON - X X g7 ‘usuesed [T/]
i-

pash weJgelp - - (zT07)

v/€ ‘aJieuuonsanb jo Apnis 1ojid - ON = X a1 ‘oljou [0£]
i-

aJieuuonsanb 5 - (9100)

v/T paiepijea-aid e pasn - ON - (Yw €)X é ‘lloN [69]
E

aJieuuonsanb = - (9T02)

v/T pajepijea-aid e pasn - ON - (Yweg) X é ‘lloN [89]
e

- - (v107)

v/T pash weigeiq - SaA - X X X g1 ‘BN [£9]
e

. - ‘(£002)

R B ‘ledpueg

v/T 4N - ON - X X X g1 | -lussyo [99]
i-

aJieuuonsanb - - (v10?7)

/g pajepljea-aid e pasn - ON - X X X g1 | “NPY3uIN [59]
i

. - (8007)

v/t UN EYCRPEETS ON - X g1 ‘e[nei [v9]
-

Apnisopd e ul - - (8002)

v/€ ANjigisusysadwod 404 passassy 2Jed )99s- SOA - X g1 ‘ossiseln [£9]
i-
Ajgesig- 3ui03uQ-

(v/x) awnumoq- J1posid3- 19nd Jedh | Jeah yuow | yaam (qnd jo 1eah)

dg Jo uoniuyap Jespd EI D EET I9A3 T- uted < 1sed 1sed i1sed | MoON uolleao] JEN|

(aurod 1) paqudsap | (yutod 1) {auod 1) (aurod 1)
uoIsnjpuo) | eiep pijea 333||0d 03 paydwany | paiiodal saousanbasuo) Aianas adAL pouiad |jeday dg jo easy

211



i-
Apgesig- -

aJieuuonsanb - - (9002)

v/T pajepljer-aud e asn 9JEJ }995- SOA - é é é é é é é ‘s33exs [08]
i-

"pasn sweJgeiq "aJieUUOISaNb - - (¥102)

v/€ pajepljen-aid e asn - ON - X dg1 ‘enls [6£]
i-

"aJleuuonsanb pajepijea E - (9107)

¥/€ -24d e 95 'pash swesdeiq 9JeD }995- ON % (yw 9) x g1/9n ‘eAlIS [8£]
Anpqesig- é

‘pash weugelq ‘pasn awnumoq- - (£007)

v/€ aJieuuonsanb pajepijea-aid 9Jed )995- ON - (Y 6) X é ‘ddiys [£/]
i

Aungesia- - (€002)

‘pasn swedsdelq sJieuuonssnb swumoq- - SSI9N

v/t pajepliea-ald e paydepy 9Jed }995- SDA - X ¢ -113ys [9/]
Aupgesig- é-

"pasnh sweJgelq - - (v00?)

v/ "pa1sa1-24d sem dJ1eUUOIISIND - S9A - é é é é é é a1 ‘qeysys (/]
i

(00T - - (£107)

-£S°0 -eddey) ‘aaieuuonssanb - & ‘ojopjoqeseds

v/€ polepljeA-a4d e pasn - ON - X a1 [¥L]

= (¢107)

_ - ‘opain0

- - -san3upoy

v/1 4N = ON 2 X é [e£]

- dlposid3- (¥002)

v/€ 4N 9JED }99S- ON - X X X 91 ‘easud [z/]
&
Apqesig- 8ujo3uQ-

(v/x) awnumog- Jlposid3- |  J9Ad Jedh | aeah yauow | yoam {qnd jo Jeah)

dg J0 uoniuyap 1ea|d 9Jed )a9s- JBAD T- uted T< 1sed 1sed i1sed [ moN uoljeso J9y

{aurod 1) paquasap | (sulod T) {auiod 1) {yurod 1)
uoIsnjauo) | ejep pijeA 333]|0d o) pardwany pajiodau sazuanbasuo) Aianas adAl pouiad |jesay dg jo easy

212



Angesia- 8u103uQ-

swnumoqg- d1posid3- (€107)

v/ YN 9.Jed §39G- SOA - X X a1/dan ‘Yuim [88]
Aunqesig- 8uj08uQ-

swiniumoq- dlposid3- (s102)

v/€ pasn weJdelq 9Je2 )995- soA 2 X X g1/anN ‘YUIm [£8]
i

- - (t002)

‘pash sweudelp ‘@Jieuuonsanb swnumoq- - ‘ddoyappam

v/€ Joy pasn Apnis jojid 2Jed §995- ON - X X X g1/an [98]
Anul

- - (s002)

‘pash sweudelp ‘aJieuuonysanb awuUMoQg- - ‘ddoyJappam

v/€ 4oy pasn Apnis jo|id 9JEJ }935- ON - X X X g1/an (s8]
=

weuselp - - (€002)

v/ pasn "aJieuuonsanb pa3ojid = ON = X a1 ‘uosiem (18]
- 3ul08uQ-

swnumog- d1posid3- (666T)

v/T 4N 9Jed }99S- ON = X X é ‘An (€8]
nnnl
Angesiag- =

- - (€002)

¥/0 N 9J€D }99S- ON = é é é & d ¢ ¢ | ‘uso uep [z8]
-
Aungesia- s

- - (T102)

/T 4N 9482 3995- SOA - (Yaw €) X €1 “n1 18]
Wl
A esig- 8u108uQ-

(r/X) awnumoq- J1posid3- 19ne Jedh | JedhA yauow | yoam {qnd jo aeah)

dg J0 uoluyap Jea|d 94ed )99s- J9AD T- uted I< 1sed 1sed 1sed | moN uoljes’o 39y

(auiod 1) paquasap | (aulod T) {auiod 1) (uod 1)
uoisnjauo) | ejep pijeAa 339||0 03 pardwany | pajiodal sasuanbasuo) A)ianas adAL pouiad ||esay dg jo easy

213



‘pajodal 10U (YN Peq piw g oeq Mo g7 ‘uled yoeq idg

-
(8°0-G°0 3uBIDIY02 - -

159184=3593 ‘@Jieuuolisanb - - (zT02)

v/€ Joj pasn Apnis 10jiq - ON - (yaw €) X g1 ‘oep [68]
&
Angesig- 8uio3up-

(v/x) awnumoq- Jlposidy- | Jand Jedh | aeah yauow | yaam {qnd jo Jeah)

dg jo uoniuyap Jea|) 9ied }99s- SEVEI uied I< 15ed 1sed 1sed | MoOpN uone’o JEN|

(auiod 1) paquasap | (juiod 1) (auod 1) (wiod 1)
uolsnpuo) | ejep pijea 333||0d 03 paydwany | payodal sacuanbasuo) Aianas adAL pouad |jeday dg jo easy

214



Chapter Three: Systematic Review: Chronic physical ilinesses, mental

health disorders, and psychological features as potential risk factors for

back pain from childhood to young adulthood

Online Resource 1: Full Search Strategies

MEDLINE

Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R)

1 exp Back Pain/

2 exp Sciatic Neuropathy/

3 back ache.ti,ab.

4 back disorder*.ti,ab.

5 back injur*.ti,ab.

6 back pain.ti,ab.

7 backache.ti,ab.

8 coccydynia.ti,ab.

9 coccyx.ti,ab.

10 dorsalgia.ti,ab.

11 lumbago.ti,ab.

12 lumbar pain.ti,ab.

13 sciatic neuropathy.ti,ab.

14 sciatica.ti,ab.

15 spondylosis.ti,ab.

16 or/1-15

17 risk.mp.

18 mortality.mp.

19 cohort.tw.

20 or/17-19

21 Pediatrics/

22 (infan* or newborn* or new-born* or perinat* or neonat* or baby or baby* or
babies or toddler* or minors or minors* or boy or boys or boyfriend or
boyhood or girl* or kid or kids or child or child* or children* or schoolchild* or
schoolchild or adolescen® or juvenil* or youth* or teen* or underage* or
pubescen* or pediatric* or paediatric* or peadiatric* or prematur* or
preterm*).mp.

23 school*.ti,ab.

24 or/21-23

25 Epidemiologic studies/

26 Exp case control studies/

27 Exp cohort studies/

28 Case control.tw.

29 (cohort adj (study or studies)).tw.

30 Cohort analyS.tw.
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31 (Follow up adj (study or studies)).tw.

32 (observational adj (study or studies)).tw.

33 Longitudinal.tw.

34 Retrospective.tw.

35 or/25-34
36 16 and 20 and 24 and 35
Embase

1 'backache'/exp

2 'sciatic neuropathy'/exp

3 'back ache':ti,ab

4 'back disorder*':ti,ab

5 'back injur*':ti,ab

6 'back pain':ti,ab

7 backache:ti,ab

8 coccydynia:ti,ab

9 coccyx:ti,ab

10 dorsalgia:ti,ab

11 lumbago:ti,ab

12 'lumb* pain':ti,ab

13 'sciatic neuropathy':ti,ab

14 sciatica:ti,ab

15 spondylosis:ti,ab

16 #1 OR#2 OR#3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR
#12 OR #13 OR #14 OR #15

17 risk

18 mortalit*

19 cohort

20 #17 OR #18 OR #19

21 'pediatrics'/de

22 infan* OR newborn* OR 'new-born*' OR perinat* OR neonat* OR baby OR
baby* OR babies OR toddler* OR minors OR minors* OR boy OR boys OR
boyfriend OR boyhood OR girl* OR kid OR kids OR child OR child* OR
children* OR schoolchild* OR schoolchild OR adolescen* OR juvenil* OR
youth* OR teen* OR underage* OR pubescen* OR pediatric* OR paediatric*
OR peadiatric* OR prematur* OR preterm*

23 school*:ti,ab

24 #21 OR #22 OR #23

25 'clinical study'/de

26 'case control study'/de

27 '‘family study'/de

28 'longitudinal study'/de

29 'retrospective study'/de

30 'prospective study'/de

31 'randomized controlled trial'/de

32 #30 NOT #31
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33 'cohort analysis'/de

34 cohort NEAR/1 (study OR studies)

35 'case control' NEAR/1 (study OR studies)

36 'follow up' NEAR/1 (study OR studies)

37 observational NEAR/1 (study OR studies)

38 epidemiologic* NEAR/1 (study OR studies)

39 #25 OR #26 OR #27 OR #28 OR #29 OR #32 OR #33 OR #34 OR #35 OR #36 OR
#37 OR #38

40 #16 AND #20 AND #24 AND #39

CINAHL with Full Text

1 (MH "Back Pain+")

2 (MH "Sciatica")

3 Tl "back ache" OR AB "back ache"

4 Tl "back disorder*" OR AB "back disorder*"

5 TI "back injur*" OR AB "back injur*"

6 Tl "back pain" OR AB "back pain"

7 Tl backache OR AB backache

8 Tl coccydynia OR AB coccydynia

9 TI coccyx OR AB coccyx

10 Tl dorsalgia OR AB dorsalgia

11 Tl lumbago OR AB lumbago

12 Tl "lumbar pain" OR AB "lumbar pain"

13 Tl "sciatic neuropathy" OR AB "sciatic neuropathy"

14 Tl sciatica OR AB sciatica

15 Tl spondylosis OR AB spondylosis

16 S1 OR S2 ORS3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12
OR S13 ORS14 ORS15

17 risk

18 mortalit*

19 cohort

20 $17 OR S18 OR S19

21 (MH "Pediatrics")

22 infan* OR newborn* OR 'new-born*' OR perinat* OR neonat* OR baby OR
baby* OR babies OR toddler* OR minors OR minors* OR boy OR boys OR
boyfriend OR boyhood OR girl* OR kid OR kids OR child OR child* OR
children* OR schoolchild* OR schoolchild OR adolescen* OR juvenil* OR
youth* OR teen* OR underage* OR pubescen* OR pediatric* OR paediatric*
OR peadiatric* OR prematur* OR preterm*

23 Tl school* OR AB school*

24 $21 OR S22 OR S23

25 (MH "Prospective Studies")

26 (MH "Case Control Studies+")

27 (MH "Correlational Studies")

28 (MH "Nonconcurrent Prospective Studies")
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29 cohort N1 (study OR studies)

30 observational N1 (study OR studies)

31 525 OR S26 OR S27 OR $28 OR S29 OR S30

32 516 AND S20 AND S24 AND S31

Scopus

( TITLE-ABS-KEY ( "back ache" OR "back disorder*" OR "back injur*" OR "back pain"
OR backache OR coccydynia OR coccyx OR dorsalgia OR lumbago OR "lumbar pain'
OR "sciatic neuropathy" OR sciatica OR spondylosis)) AND ( TITLE-ABS-KEY ( risk OR
mortality OR cohort)) AND ( TITLE-ABS-KEY (infan* OR newborn* OR "new-born*"
OR perinat* OR neonat* OR baby OR baby* OR babies OR toddler* OR minors
OR minors* OR boy OR boys OR boyfriend OR boyhood OR girl* OR kid OR kids
OR child OR child* OR children* OR school* OR schoolchild* OR schoolchild OR
adolescen* OR juvenil* OR youth* OR teen* OR underage* OR pubescen* OR
pediatric* OR paediatric* OR peadiatric* OR prematur* OR preterm*)) AND ( (
TITLE-ABS-KEY ( ( prospective OR epidemiologic* OR "case control" OR cohort OR
"follow up" OR observational ) W/1 ( study OR studies))) OR ( TITLE-ABS-KEY (
"cohort analy*" OR longitudinal OR retrospective ))) AND NOT INDEX ( medline )
AND NOT INDEX ( embase )
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Online Resource 2: Modified QUIPS: Risk of bias for Etiological studies

Domains Issues to consider for judging overall rating of "Risk of Ratings
bias"
Study a) The source population or population of interest is High bias: The relationship

Participation

adequately described for key characteristics

b) Similar identification of non-diseased populations at
baseline

c) The sampling frame and recruitment are adequately
described, including methods to identify the sample
sufficient to limit potential bias (number and type
used, e.g., referral patterns in health care)

d) Period of recruitment is adequately described.

e) Place of recruitment (setting and geographic location)
are adequately described.

f) Inclusion and exclusion criteria are adequately
described (e.g., including explicit diagnostic criteria
description).

g) There is adequate participation in the study by eligible
individuals.

h) The baseline study sample (i.e., individuals entering
the study) is adequately described for key
characteristics.

between the RF and outcome is
very likely to be different for
participants and eligible
nonparticipants

Moderate bias: The relationship
between the RF and outcome may
be different for participants and
eligible nonparticipants

Low bias: The relationship
between the RF and outcome is
unlikely to be different for
participants and eligible
nonparticipants

Study a) Response rate (i.e., proportion of study sample High bias: The relationship
Attrition completing the study and providing outcome data) is between the RF and outcome is
adequate. very likely to be different for
b) Attempts to collect information on participants who completing and non-completing
dropped out of the study are described participants
c) Reasons for loss to follow-up are provided. Moderate bias: The relationship
d) Participants lost to follow-up are adequately described | between the RF and outcome may
for key characteristics (LIST). be different for completing and
e) There are no important differences between key non-completing participants
characteristics (LIST) and outcomes in participants Low bias: The relationship
who completed the study and those who did not. between the RF and outcome is
unlikely to be different for
completing and non-completing
participants
Risk Factor a) Aclear definition or description of 'RF' is provided High bias: The measurement of
Measurement (e.g., including dose, level, duration of exposure, and the RF is very likely to be different

clear specification of the method of measurement).

b) Method of RF measurement is adequately valid and
reliable to limit misclassification bias (e.g., may include
relevant outside sources of information on
measurement properties, also characteristics, such as
blind measurement and limited reliance on recall).

c¢) The method and setting of measurement of RF is the
same for all study participants.

d) Adequate proportion of the study sample has
complete data for RF variable.

e) Appropriate methods of imputation are used for
missing 'RF' data.

for different levels of the
outcome of interest

Moderate bias: The
measurement of the RF may be
different for different levels of the
outcome of interest

Low bias: The measurement of
the RF is unlikely to be different
for different levels of the
outcome of interest
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Outcome a) A clear definition of outcome is provided, including High bias: The measurement of
Measurement duration of follow-up and level and extent of the the outcome is very likely to be
outcome construct. different related to the baseline
b) The method of outcome measurement used is level of the RF
adequately valid and reliable to limit misclassification | Moderate bias: The measurement
bias (e.g., may include relevant outside sources of of the outcome may be different
information on measurement properties, also related to the baseline level of the
characteristics, such as blind measurement and RF
confirmation of outcome with valid and reliable test). Low bias: The measurement of
c¢) The method and setting of outcome measurement is the outcome is unlikely to be
the same for all study participants. different related to the baseline
level of the RF
Study a) Allimportant confounders, including treatments (key High bias: The observed effect of
Confounding variables in conceptual model), are measured. the RF on the outcome is very
b) Clear definitions of the important confounders likely to be distorted by another
measured are provided (e.g., including dose, level, and | factor related to RF and outcome
duration of exposures). Moderate bias: The observed
c¢) Measurement of all important confounders is effect of the RF on outcome may
adequately valid and reliable (e.g., may include be distorted by another factor
relevant outside sources of information on related to RF and outcome
measurement properties, also characteristics, such as | Low bias: The observed effect of
blind measurement and limited reliance on recall). the RF on outcome is unlikely to
d) The method and setting of confounding measurement | be distorted by another factor
are the same for all study participants. related to RF and outcome
e) Appropriate methods are used if imputation is used
for missing confounder data.
f) Important potential confounders are accounted for in
the study design (e.g., matching for key variables,
stratification, or initial assembly of comparable
groups).
g) Important potential confounders are accounted for in
the analysis (i.e., appropriate adjustment).
Statistical a) There is sufficient presentation of data to assess the High bias: The reported results
Analysis and adequacy of the analysis. are very likely to be spurious or
Reporting b) The strategy for model building (i.e., inclusion of biased related to analysis or
variables in the statistical model) is appropriate and is | reporting
based on a conceptual framework or model. Moderate bias: The reported
c) There is no selective reporting of results. results may be spurious or biased

related to analysis or reporting
Low bias: The reported results are
unlikely to be spurious or biased
related to analysis or

Modified from: Hayden JA, Coté P, Bombardier C. Evaluation of the Quality of Prognosis Studies in Systematic
Reviews. Annals of Internal Medicine. 2006; 144:427-437.
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Chapter Five: Multi-trajectory analysis of C-reactive protein and low back

pain from adolescence to early adulthood

Online Resource 1 Model selection and Model fit diagnostic criteria for trajectories

Model selection based on Bayesian Information Criterion (BIC) and smallest group size

Number of BIC?: Total number of BIC?: Total number of Smallest group size®
groups observations participants (n)
LBP with impact
2 -2771.76 -2768.89 746
3 -2759.84 -2754.68 151
4 -2769.20 -2762.32 132
5 -2782.22 -2773.04 123
Multi-trajectory LBP with impact and hs-CRP

2 -3925.35 -3910.86 446
3 -3772.43 -3752.76 50
4 -3753.61 -3726.69 22
5 -3768.84 -3735.71 21

3BIC: Bayesian Information Criterion (large BIC indicates better fit)
PMinimum group size of 30 participants

Model fit diagnostic criteria for trajectories

Trajectory group Average Odds of correct = Estimated group Assigned
posterior classification® proportions: membership: %
probability®: % % (95% Cl)

LBP with impact

1 “consistently low”  85.6 171 46.1 (41.2, 50.9) 49.3

2 “decreasing” 78.3 65.0 10.4 (8.3, 12.5) 10.1

3 “increasing” 87.9 26.6 43.5 (38.3, 48.6) 40.7

Multi-trajectory LBP with impact and hs-CRP

1 “low CRP, 82.9 21.6 52.4 (40.1, 64.7) 54.4

low LBP”

2 “low CRP, 82.7 31.2 39.9 (27.6, 52.2) 40.3

increasing LBP”

3 “increasing CRP, 93.4 1060.5 7.7 (5.0, 10.3) 5.3

moderate LBP”
aLowest acceptable posterior probability 70%
PLowest acceptable odds of correct classification 5.0
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Online Resource 2 Sensitivity analyses of trajectory models

Model fit diagnostic criteria for sensitivity analyses of trajectory models

Trajectory group Average Odds of Estimated group Assigned
posterior correct proportions: membership: %
probability classification % (95% Cl)

Low back pain with impact: Males
“consistently low” 85.4 38.1 45.8 (39.3, 52.2) 49.5
“decreasing” 79.2 120.2 11.5 (8.6, 14.5) 11.4
“increasing” 89.0 69.22 42.7 (35.9, 49.5) 39.0
Low back pain with impact: Females
“consistently low” 84.2 36.8 45.0 (34.9, 55.2) 48.8
“decreasing” 79.5 181.9 10.7 (2.8, 18.5) 8.1
“increasing” 86.7 51.5 44.3 (36.4, 52.2) 43.1
Low back pain with impact: without 14-year timepoint
“consistently low” 71.7 5.1 51.2 (29.5, 72.9) 59.8
“decreasing” 70.0 527.29 11.5(1.4, 34.3) 5.6
“increasing” 86.1 27.9 37.4 (30.2, 44.5) 34.6
Low back pain with impact: participants with all four timepoints
“consistently low” 80.1 43.0 37.8 (27.5, 48.0) 42.5
“decreasing” 81.3 153.9 16.6 (5.8, 27.4) 13.7
“increasing” 90.9 103.6 45.6 (38.3, 52.9) 43.8
Multi-trajectory hs-CRP and LBP with impact: Males
"low CRP, low LBP” 83.2 44.7 58.9 (48.6, 69.1) 64.5
“low CRP, increasing LBP” 82.1 95.2 28.4 (18.4, 38.3) 29.6
“increasing CRP, moderate LBP” 92.6 1368.0 12.8(7.3,18.2) 5.8
Multi-trajectory hs-CRP and LBP with impact: Females
"low CRP, low LBP” 85.5 69.7 46.4 (28.6, 64.2) 45.1
“low CRP, increasing LBP” 83.8 51.0 50.3 (32.4, 68.0) 53.1
“increasing CRP, moderate LBP” 99.5 67361.0 3.4(1.2,5.5) 1.8
Multi-trajectory hs-CRP and LBP with impact: without 14-year timepoint
"low CRP, low LBP” 81.2 18.8 51.7 (38.5, 64.9) 56.7
“low CRP, increasing LBP” 84.7 37.2 50.8 (27.6, 53.9) 39.5
“increasing CRP, moderate LBP” 91.9 894.7 7.5(4.8,10.2) 3.8

Multi-trajectory hs-CRP

and LBP with impact: participants with all four timepoints

”low CRP, low LBP” 84.6 40.9 54.9 (44.2, 65.7) 58.6
“low CRP, increasing LBP” 83.9 68.4 32.8(22.3,43.3) 35.3
“increasing CRP, moderate LBP” 933 1120.3 12.2 (7.8, 16.6) 6.1
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Only males
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Crosstab of low back pain trajectory and low back trajectory with just males

LBP trajectories

LBP males trajectories

GROUP 1 2 3 Total
1 370 0 1 371
2 0 76 0 76
3 11 12 299 322
TOTAL 381 88 300 769
Only females
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— 3 44.3%
Crosstab of low back pain trajectory and low back trajectory with just females
LBP trajectories LBP females trajectories
GROUP 1 2 3 Total
1 363 0 12 375
2 0 60 15 75
3 0 0 294 294
TOTAL 364 60 321 744
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Without 14 years (17-220nly)

Probability of low back pain with impact
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Crosstab of low back pain trajectory and low back trajectory with just 17-22 years timepoints

LBP trajectories LBP 17-22 years
GROUP 1 2 3 Total
1 735 11 0 746
2 80 71 0 151
3 92 1 523 616
TOTAL 907 83 523 1513

Participants with all four timepoints

Probability of low back pain with impact
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T T
14 16 18 20 22
Age (years)

—1 378% =2 16.6%
=3 45.6%

Crosstab of low back pain trajectory and low back trajectory with participants with all four timepoints

LBP trajectories LBP Participants with 4 timepoints
GROUP 1 2 3 Total
1 246 8 26 280
2 0 65 0 65
3 0 6 227 233
TOTAL 246 79 253 578




Only males

Group 1 (58.9%) Group 2 (28.4%) Group 3 (12.8%)
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Crosstab of multi-trajectories with just males
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Age

LBP/CRP LBP/CRP male trajectories
trajectories Total
GROUP 1 2 3
1 249 1 1 251
2 36 131 0 167
3 2 0 25 27
TOTAL 287 132 26 445
Only females
Group 1 (46.4%) Group 2 (50.3%) Group 3 ( 3.4%)
% © g © g © ’\/‘/‘
1‘4 1‘6 1‘8 2‘0 2‘2 1‘4 1‘6 1‘8 25 2‘2 1‘4 1‘6 1‘8 2‘0 2‘2
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1‘4 1‘6 1‘8 2‘0 2‘2 1‘4 1‘6 1‘8 26 2‘2 1‘4 1‘6 1‘8 26 2‘2
Age Age Age
Crosstab of multi-trajectories with just females
LBP/CRP trajectories LBP/CRP females trajectories
GROUP 1 2 3 Total
1 219 52 0 271
2 3 212 0 215
3 2 0 9 11
TOTAL 224 264 9 497
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Without 14 years (17-220nly)

Group 1 (51.7%) Group 2 (40.8%) Group 3 (7.5%)
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Crosstab of multi-trajectories without 14 year timepoint

LBP/CRP trajectories LBP/CRP 17-22 years trajectories
GROUP 1 2 3 Total
1 509 12 1 522
2 21 360 1 382
3 4 0 34 38
TOTAL 534 372 36 942
Participants with all four timepoints
Group 1 (55.0%) Group 2 (32.8%) Group 3 (12.2%)
£ £ £
14 16 18 20 22 14 16 18 20 22 14 16 18 20 22
Age Age Age
& o & o & ©H
9.1 9 .| 3 .| //‘\
N r_r—*'_‘ N A N A
14 16 18 20 22 14 16 18 20 22 14 16 18 20 22
Age Age Age
Crosstab of multi-trajectories with participants with all four timepoints
LBP/CRP trajectories LBP/CRP Participants with 4 timepoints
GROUP 1 2 3 Total
1 239 4 3 246
2 2 195 4 201
3 1 0 20 21
TOTAL 242 199 27 468
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Chapter Six: Association between cardiovascular disease risk factors and

future spinal pain with the potential moderating role of health-related

physical activity (CHAMPS Study-DK)

APPENDIX A:

Associations between HOMA-IR and Clustered cardiovascular disease risk score and spinal pain

Cardiovascular disease risk | N Weeks with spinal pain Weeks with spinal pain
factors 2008 Nov 2008-Nov 2010 Nov 2008-Nov 2010
Tertile 2 Tertile 3
*beta coefficients (95% Cl) | *beta coefficients (95% Cl)
Log HOMA-IR Girls=440 | -0.83 (-1.57, -0.08) -0.80 (-1.65, 0.05)
Boys=406 | 0.04 (-0.74, 0.83) 0.25 (-0.68, 1.17)
Clustered CV risk score Girls=433 | -0.62 (-1.29, 0.05) -0.00 (-0.83, 0.83)
Boys=397 | 0.30(-0.29, 0.89) 0.60 (-0.36, 1.57)
Cardiovascular disease risk | N Weeks with spinal pain Weeks with spinal pain
factors 2010 Nov 2010-Nov 2012 Nov 2010-Nov 2012
Tertile 2 Tertile 3
*beta coefficients (95% Cl) | *beta coefficients (95% Cl)
Log HOMA-IR Girls=370 | -0.38(-1.21, 0.45) -1.57 (-2.63, -0.51)
Boys=367 | 0.42(-0.37,1.21) 0.28 (-0.87, 1.43)
Clustered CV risk score Girls=370 | 0.39(-1.08, 1.86) -0.47 (-2.02, 1.07)
Boys=366 | -0.11 (-1.13,0.91) 0.22 (-1.06, 1.50)

Tertile 1: reference group

*All models adjusted for age

Bolded results indicate statistically significant results.

HOMA-IR: homeostasis assessment model-estimated insulin resistance, CV: cardiovascular
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Chapter Seven: No association between sub-clinical elevation of C-reactive

protein levels and spinal pain trajectories in children (CHAMPS Study-DK)

Appendix A Model selection and Model fit diagnostic criteria for trajectories

Model selection based on Bayesian Information Criterion (BIC)

Number of BIC?: Total number of
groups observations
-61843.81

-54867.53

-53700.79

-52554.81

-52228.38

-51905.85

-51789.11

cON O U B WN

BIC?: Total number of

participants
-61837.58
-54856.12
-53684.19
-52531.99
-52198.30
-51872.66
-51789.11

2BIC: Bayesian Information Criterion (large BIC indicates better fit)

Trajectory model diagnostics of Non-traumatic spinal pain trajectories

Trajectory group Average posterior
probability®: %

1 “No pain” 86.8
2 “Rare” 80.0
3 “Rare, increasing”  85.6
4. “Moderate, 90.4
increasing”

5. Early onset, 97.9
decreasing

Odds of correct
classification®

53
16.2
50.3
154.1

3667.1

2Lowest acceptable posterior probability 70%
®l owest acceptable odds of correct classification 5.0
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Estimated group
proportions:

% (95% Cl)

55.3 (51.9, 58.6)
23.7 (20.1, 27.4)
13.6 (11.9, 15.3)
6.1(5.3,6.9)

1.3 (1.0, 1.5)

Assigned
membership: %

61.6
20.3
10.9
6.0
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