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Significance

Population-based studies showed that sleep problems and psychological symptoms may be
important precursors of musculoskeletal pain in children and adolescents. By investigating
these associations in primary care settings, this study showed that children and adolescents
with consultations for sleep problems or psychological symptoms were at increased risk of
subsequent consultations for musculoskeletal conditions. These findings support results from
population-based studies, and identify potential areas for further research and potentially

intervention within primary care.

Abbreviations
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CiPCA = Consultations in Primary Care Archive
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Abstract

Background

Population-based studies show that sleep problems and psychological symptoms may
increase the risk of musculoskeletal pain onset in children / adolescents. However, there is no
evidence of these associations within primary care settings, where interventions can take
place. This study investigated whether children / adolescents who consulted their general
practitioner for sleep problems or psychological symptoms are at higher risk of subsequent

consultations for musculoskeletal conditions.

Methods

This prospective matched-cohort study used electronic medical records of children /
adolescents (aged 6-19 years) from a UK primary care database. Associations between a
consultation for sleep problems or psychological symptoms at baseline and a subsequent
consultation for musculoskeletal conditions within the two-year follow-up were investigated
using survival analysis, producing Hazard Ratios (HR) and 95% Confidence Intervals (Cl)

with adjustment for confounders.

Results

Children / adolescents who consulted for sleep problems had a significant increased risk of
consultation for musculoskeletal conditions (HR = 1.72; 95% CI 1.14, 2.60), which became
non-significant after adjustment for confounders (HR = 1.49; 95% CI 0.98, 2.27). Children /
adolescents who consulted for psychological symptoms had a significant increased risk of
consultation for musculoskeletal conditions (HR = 1.59; 95% CI 1.31, 1.93), which was
attenuated after adjustment (HR = 1.39; 95% CI 1.14, 1.70).

Conclusions

Children and adolescents who visit primary care for sleep problems or psychological
symptoms have increased risk of future musculoskeletal consultations. Further work is
needed to understand the causal mechanisms that explain these associations, before designing

interventions strategies within primary care settings.
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Introduction

Musculoskeletal pain in children and adolescents is common and burdensome; prevalence is
high (ranging from 4 to 40% (King et al., 2011)) with conditions like low back pain and neck
pain ranked in the top five globally (for ages 10 to 19 years) of years of life lived with
disability (YLDs) (Mokdad et al., 2016). Two factors which are frequently associated with
the onset of musculoskeletal conditions in the child/adolescent general population are sleep
problems (Auvinen et al., 2010; Harrison et al., 2014; Stahl et al., 2008) and psychological
symptoms (Jones et al., 2003a, 2003b; Jussila et al., 2014). Both of these potential risk factors
are common. It is estimated that 25-40% of children/adolescents experience sleep problems
(e.g. bedtime problems, night wakings, sleep related anxiety, deficient sleep, and poor sleep
hygiene) (Dosi et al., 2015; Meltzer et al., 2014) and approximately 33% experience a
psychological symptom (e.g. anxiety, depression, attention deficit hyperactivity disorder)
(Merikangas et al., 2009). Proposed biological mechanisms for the pathway to the
development of musculoskeletal pain from sleep problems or psychological symptoms
include; cytokine and inflammatory mediators, impaired relaxation of the muscles, changes
of pain thresholds, dysfunction of the hypothalamic—pituitary—adrenal (HPA) axis and the
effect of mood/anxiety on pain thresholds (Auvinen et al., 2010; Christensen et al., 2019;
Gatchel et al., 2007; Harrison et al., 2014; McBeth et al., 2007).

Research on sleep problems and psychological symptoms has shown associations with
musculoskeletal pain in child/adolescent population-based studies (Auvinen et al., 2010;
Harrison et al., 2014; Jones et al., 2003a, 2003b; Jussila et al., 2014; Stahl et al., 2008), but
the importance or impact of findings are unclear because the reported musculoskeletal pain is
often mild or self-limiting. Researching these associations in clinical settings would naturally
exclude the mildest cases, as the pain is, by definition, important enough to seek healthcare
for. Whilst there is evidence that musculoskeletal pain, sleep problems, and psychological
symptoms are common presentations in primary care for children/adolescents (Cornish et al.,
2016; Henschke et al., 2014; Honaker and Meltzer, 2016; de Inocencio, 1998; De Inocencio,
2004; Jordan et al., 2010; Michaleff et al., 2017; van Suijlekom-Smit et al., 1997), no studies
to date have examined their relationships. The aim of this study is to investigate whether
consultations for sleep problems or psychological symptoms are associated with subsequent

consultations for musculoskeletal pain in children/adolescents in primary care.
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Patients and Methods
Setting

Data from the Consultations in Primary Care Archive (CiPCA) was used within this study.
CiPCA is a database comprising medical consultation data (e.g. diagnoses, symptoms,
prescriptions, referrals) recorded since 1998 from a sample of general practices in North
Staffordshire, United Kingdom (UK) (Jordan et al., 2007, 2010; Porcheret et al., 2004).
Previous studies have shown similar consultation prevalence rates of musculoskeletal
conditions between CiPCA, UK national and European datasets, providing evidence for
validity and generalisability (Jordan et al., 2007, 2014). To maintain data quality, an annual
cycle of training in morbidity coding, assessment, and auditing is undertaken by participating
CiPCA general practices (Jordan et al., 2010; Porcheret et al., 2004). CiPCA has ethical
approval (North West - Haydock REC ref: 17/NW/0232) and data is pseudo anonymised
(Jordan et al., 2010; Porcheret et al., 2004). The use of consultation data assures good
representativeness of healthcare attendance in the general population, as more than 98% of
the population in the UK are registered with a general practice (Herrett et al., 2015; Jordan et
al., 2010).

Design and cohort definition

This is a prospective matched-cohort study nested within a medical record database. Medical
record consultation data from 11 general practices, between 2005 and 2012, were used. Two
analyses were carried out within this current study in order to explore the risk of having
musculoskeletal consultations following consultations indicating two single distinct
exposures: sleep problems and psychological symptoms. One dataset was created to
investigate the relationship between consultations for sleep problems (exposure) and
subsequent musculoskeletal consultations (outcome), the second dataset was used to
investigate the relationship between consultations for psychological symptoms (exposure)
and subsequent musculoskeletal consultations (outcome). However, in acknowledgement of
potential overlap between these conditions within one person, the multivariable analysis
models controlled for each other exposure accordingly. Each analysis used a matched cohort
design (individuals with exposure at baseline vs. matched individuals without exposure).
Each matched cohort dataset was created by selecting the individuals with a consultation for
sleep problems or psychological symptoms between 2005 and 2010, respectively. These

individuals were considered “exposed”, and were assigned an “index date” (i.e. date of first
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consultation for the exposure) and matched with up to five controls (“unexposed
individuals”). Individuals were matched on age at index date (up to + 2 years), gender and
general practice, following previous methodology (Green et al., 2015; Muller et al., 2014).
Matched individuals were assigned an “index date” that was equivalent to the date of first
consultation for the exposure variable. Within each cohort, “exposed” individuals and
selected “unexposed” controls were followed-up for a period of 2-years after the “index
date”.

Participant inclusion criteria

The study population included those patients who were continually registered at each practice
over the study period 2005-2012 to ensure capturing active patients. Children and adolescents
were included if they were aged between 6 and 19 years old (the age of 6 has been reported
as the starting point for children to use the word “pain”, and age 19 is defined by the World
Health Organization as the end of adolescence) (von Baeyer, 2006; Stanford et al., 2005;
World Health Organization, 2013) at “index date” (i.e. date of consultation for the exposure
at baseline). Any adolescents who became older than 19 years during follow-up (i.e. 2 years
after the first consultation for the exposure) were censored (i.e. only the time from the index
date to the date when adolescents became 19 years old was entered in the analysis). To ensure
incident status and avoid reversed association (i.e. musculoskeletal consultations leading to
subsequent consultations for sleep problems or psychological symptoms), data was screened
for a period of 2 years prior to the “index date” to check that neither those in the exposed
group or control group had consulted about a musculoskeletal consultation. This ensured that
individuals did not have a consultation for musculoskeletal pain at baseline, and therefore a
consultation for a musculoskeletal condition post baseline would represent new onset. The
matched “unexposed” individuals were also censored if they had a consultation for the
exposure variable in the period after the index date and prior to a consultation for a
musculoskeletal condition or the end of the follow-up period (i.e. only the time from the
index date to the date when the “unexposed” individuals had a consultation for the exposure

was entered in the analysis).

Identification of variables
Consultations for sleep problems (e.g. sleep disturbances, insomnia, nocturnal cough/wheeze,
tired all the time), psychological symptoms (e.g. health anxiety, stress related problem,

behaviour disorder, low mood, disturbance of conduct) and musculoskeletal pain (e.g. low
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back pain, cervicalgia, arthralgia of the knee), were identified by means of Read Codes (a list
of the 5 most frequent Read Codes used in this study for each variable is outlined in Table 1).
The Read Code system is used within the UK to electronically record all consultations and
patient encounters in primary care. They are organised into hierarchical chapters following
the International Classification of Disease (ICD-10) criteria (Benson, 2012). Thus, when an
individual consult for a condition, the presenting symptom for that condition (e.g. insomnia)
is recorded by means of a Read Code for that specific symptom (e.g. E2741). Read Codes
used in this study were identified through reviewing previous relevant studies (a list of
studies is available from the authors), and by including further Read Codes from lists
previously used within the Research Institute of Primary Care and Health Sciences at Keele
University (https://www.keele.ac.uk/mrr/morbiditydefinitions/). The identified Read Codes
lists were checked for relevance and appropriateness for the condition that was to be
identified (e.g. outcome, exposure, confounders) via consensus with an academic GP (E.R.)
experienced in the application of Read Codes during consultations. All Read Codes used in

this study are available on request to the corresponding author.

Data analysis

Descriptive analyses of the baseline variables for both datasets were carried out. Survival
curves were displayed using Kaplan-Meier graphs, to describe the difference in survival.
Survival analysis was carried out using Cox regression models (i.e. time to event analysis,
one for each exposure) each with three stages. Stage 1 estimated the hazard ratio for a
musculoskeletal consultation in consulters with the exposure compared to those without the
exposure (i.e. an hazard ratio > 1 means that at any given point in time during the 2-year
follow-up, those with the exposure are at increased risk of musculoskeletal consultations
compared to those without the exposure). The model at stage 2 was then adjusted by gender,
age at index date, practice (to take into account potential inaccuracies that may have occurred
when matching for gender, age and practice), index year and the inclusion of the other
exposure (e.g. inclusion of psychological symptoms within the sleep model, and vice versa).
Stage 3 of the model included a further adjustment for consultation frequency to account for
surveillance bias. The proportional hazard assumption was tested by the Schoenfeld residuals
test. When the test was significant, the variable for which the test was significant was entered
in the analysis as a time-varying confounder following the methodology described previously
(Bellera et al., 2010). Analysis was performed using STATA 14.
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Results
Descriptive analysis

Baseline descriptive analyses of both datasets are outlined in Table 2 and Table 3.

Sleep problems — musculoskeletal conditions dataset

The mean age was 13.1 years and there were 291 boys (45.6%) and 347 girls (54.4%) in the
sleep exposure model dataset. The dataset included 107 children/adolescents (49 boys and 58
girls) who had a record for sleep problems, matched to 531 controls (242 boys and 289 girls)
without such record (Table 2). Among the 638 children/adolescents, 123 (19.3%; annual
incidence rate 96/1000 individuals) consulted for a musculoskeletal condition within the 2-
year follow-up period (Table 3). The proportion of children/adolescents with a consultation
for a musculoskeletal condition was higher among those with sleep problems compared to
those without sleep problems (28.1% vs. 17.5%; annual incidence rate 140/1000 vs. 88/1000
individuals, respectively) (Table 3).

Psychological symptoms — musculoskeletal conditions dataset

The mean age was 13.7 years and there were 1,476 boys (48.5%) and 1,566 girls (51.5%)
within the psychological symptoms exposure model dataset. The dataset included 507
exposed children/adolescents (246 boys and 261 girls) who had a recorded psychological
symptom, matched to 2,535 controls (1,230 boys and 1,305 girls) without such record (Table
2). Among the 3,042 children/adolescents, 574 (18.9%; annual incidence rate 94/1000
individuals) consulted for a musculoskeletal condition within the 2-year follow-up period
(Table 3). The proportion of children/adolescents with a consultation for a musculoskeletal
condition was higher in those with psychological symptoms compared to those without
psychological symptoms (26.0% vs. 17.4%; annual incidence rate 130/1000 vs. 87/1000
individuals, respectively) (Table 3).

Survival analysis of the association between consultations for the exposure and

consultations for musculoskeletal conditions

Kaplan-Meier graphs
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Survival curves are presented in Figure 1 and Figure 2. Three control “unexposed”
individuals (0.6%) were censored because they had a consultation for sleep problems in the
period after the index date and prior to a consultation for a musculoskeletal condition within
the sleep exposure model dataset. Twenty-eight control “unexposed” individuals (1.1%) were
censored because they had a consultation for psychological symptoms in the period after the
index date and prior to a consultation for a musculoskeletal condition within the

psychological symptoms exposure model dataset.

Survival analysis using Cox regression modelling

Results of unadjusted Cox regression analysis of the association between sleep problems and
consultation for musculoskeletal conditions (Table 4) show a statistically significant
increased hazard (Hazard ratio (HR) = 1.72; 95% Confidence Interval (CI) 1.14, 2.60) of
consultation for a musculoskeletal condition in children/adolescents with sleep problems
compared to those without (stage 1). This estimate was unchanged (HR =1.72; 95% CI 1.13,
2.60) after adjustment for potential confounders (stage 2), although was attenuated to a non-
significant increased hazard (HR = 1.49; 95% CI 0.98, 2.27) after further adjustment for
consultation frequency (stage 3). Unadjusted Cox regression analysis in those with coded
psychological symptoms (Table 5) show a statistically significant increased hazard (HR =
1.59; 95% CI 1.31, 1.93) of consultation for a musculoskeletal condition in exposed
children/adolescents (stage 1). This estimate was unchanged (HR = 1.59; 95% CI 1.31, 1.94)
after adjustment for potential confounders (stage 2), but was reduced further (HR = 1.39;

95% CI 1.14, 1.70) after adjustment for consultation frequency (stage 3).
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Discussion

This study provides new prospective evidence that children and adolescents seeking primary
health care for sleep problems or psychological symptoms are at increased risk of later
musculoskeletal pain consultations compared to those without sleep problems or
psychological symptoms. There was increased hazard of 49% for a musculoskeletal
consultation among children/adolescents who had consulted previously with sleep problems
(annual incidence rate 140/1000 in those with sleep problems vs. 88/1000 in those without).
Similarly, there was an increased hazard of 39% among those who had previously consulted
for psychological symptoms (annual incidence rate 130/1000 in those with psychological
symptoms vs. 87/1000 in those without). These results support findings from population-
based studies, and suggest that an increased risk of musculoskeletal consultation among
children/adolescents with sleep problems or psychological symptoms exists at a clinical level.
Sleep problems and psychological symptoms may be important starting points for the onset
of musculoskeletal pain in children and adolescents, and primary health care visits may be

critical points for intervention to prevent musculoskeletal pain onset.

Comparison with previous literature

There is currently no other literature that investigated the association between sleep
problems, psychological symptoms and musculoskeletal pain within primary care settings for
children/adolescents, but comparisons can be drawn from the evidence within population-
based samples. A recent systematic review of 13 studies concludes that sleep problems are
overall not risk factors for the onset of musculoskeletal pain in children or adolescents
(Andreucci et al., 2017), as opposed by evidence from studies conducted in adults (Gupta et
al., 2007; McBeth et al., 2014; Nitter et al., 2012). However the trends of risk within the
systematic review showed elevated risk in the presence of sleep problems, which is in accord
with the findings of this study (i.e. non-significant increased hazard). Similarly, evidence
shows that in child/adolescent (Jones et al., 2003a, 2003b) and in adult populations (McBeth
and Jones, 2007; Pinheiro et al., 2015), psychological symptoms are predictive of future
musculoskeletal pain onset, and this study has demonstrated an increased risk within a
primary care consultation population. The results found in this current study may also have
been influenced by the consultation process. Children/adolescents who present to primary

care may be characterized by a higher level of severity, greater frequency and longer duration

This article is protected by copyright. All rights reserved



of musculoskeletal conditions (Campbell and Roland, 1996) than children and adolescents
reporting pain in the general population. In effect musculoskeletal pain might have preceded
the consultation for the exposure, and this experience could have initiated a reciprocal
relationship between exposure and musculoskeletal pain. For example, there is a well
evidenced reciprocal relationship between sleep and pain (Christensen et al., 2019; Finan et
al., 2013; McBeth et al., 2015), where pain disrupts sleep, which can then impact on the
experience of pain; this may have increased the severity of both symptoms leading to a higher
probability of consultation. For the influence of psychological symptoms, the diathesis stress
model (Dersh et al., 2002) suggests that latent psychological symptoms can elevate stress
levels that then moderate the experience of future adverse events (e.g. a musculoskeletal
injury) which may in turn worsen the psychological status of the individual and exacerbate
the experience of pain leading to healthcare seeking. This therefore illustrates the need for
additional research within child and adolescent consultation populations to ascertain the
starting points of the actual experience (of exposures and outcomes) as well as the evidence

of when consultation occurs.

Strengths and weaknesses

This study has a number of strengths. First, analysis was performed using prospectively
collected routine data from a large and high-quality primary care dataset, which allows the
use of the entire temporal frame of data compared to studies where data are collected solely at
fixed points in time. In addition, the dataset includes actual “real” consultation events,
therefore limiting the occurrence of selection bias or reporting bias from participants. Second,
in order to reduce the risk of confounding, individuals were matched by variables that may be
associated with increased healthcare seeking and musculoskeletal pain, such as age, gender
and practice (Campbell and Roland, 1996; Henschke et al., 2015; Kamper et al., 2016; King
etal., 2011; McBeth and Jones, 2007) and the analysis was also adjusted for consultation
frequency, to control for a potential increased probability of consultation for exposure and/or
outcome by virtue of increased consultations (surveillance bias). Third, the results are
generalizable to the general population, as 98% of the UK population is registered with a GP,
and CiPCA has a similar prevalence of musculoskeletal consultations when compared with
national and international databases (Herrett et al., 2015; Jordan et al., 2007, 2010, 2014).
This current study also includes several limitations. First, limitations related to the use of

This article is protected by copyright. All rights reserved



Read Codes, such as the inability to assess the severity, duration and impact of pain or the
cause of the condition (Michaleff et al., 2017; Muller, 2014). There is also the inability to
adjust for variables relative to lifestyle (e.g. socioeconomic status, BMI, smoking, physical
activity, substance use) which may have been important (Kamper et al., 2018), as such
information is generally less well recorded within clinical coding systems (Glasgow et al.,
2012). In addition many children/adolescents may have had pre-clinical status for both
exposure and outcome (which may have included individuals in the matched controls)
(Glasgow et al., 2012; Jordan et al., 2010; Muller, 2014). Also there are potential issues
which may affect data quality, such as comorbidities that are not recorded at the time of
consultation, as often only the most prominent or most recent complaint would be recorded
(Jordan and Croft, 2008; Muller, 2014). For example, a patient with a long-term
musculoskeletal pain condition who recently consulted about sleep problems may only have
sleep problems recorded. Second, whilst this study endeavored to account for “incident”
musculoskeletal pain consultations, and ensured that no musculoskeletal pain consultations
occurred during the two years previous to the exposure (sleep problems, psychological
symptoms) for each included patient, it is possible that children and adolescents within the
study may have had musculoskeletal pain previous to that time period. In addition, other co-
morbidities (e.g., physical illnesses, chronic medical conditions) that might co-occur with
psychological and sleep problems were not controlled for. Third, the decision to consult at
primary care may be influenced by factors not measurable using electronic health records,
(e.g. parent’s perceived severity of symptoms, family patterns of illness behaviour, parental
economic status, family size, perceived benefits of seeking care) (Campbell and Roland,
1996; Cardol et al., 2006, 2007). Fourth, over-adjustment (e.g. the variable for which the
analysis is adjusted for is in the pathway between the exposure and the outcome and
adjustment may bias the results towards the null) (Schisterman et al., 2009) might explain the
attenuation of estimates after adjustment for consultation frequency (i.e. stage 2 to stage 3
change in both analysis models). Fifth, the dataset only included individuals continually
registered between 2005-2012. Therefore, the data does not include those who have moved to
another area or moved into the area. Research shows that children and adolescents with
increased residential mobility are less likely to flourish and are at higher risk of psychological
symptoms (Gjelsvik et al., 2019) and therefore some bias may have been introduced into the
results. Finally, this study used data from the primary care system in the UK, therefore results
may not be generalizable to other healthcare systems with different models of care (Kringos
etal., 2013).
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Implications

This study showed an increased risk of seeking primary health care for musculoskeletal pain
in children/adolescents who had previously sought primary health care for sleep problems or
psychological symptoms. Whilst the size of estimates reported are modest in terms of the
increase in risk to an individual, the evidence of the relatively high prevalence of sleep
problems, psychological symptoms, and musculoskeletal pain, within this population
(Cornish et al., 2016; Henschke et al., 2014; Honaker and Meltzer, 2016; De Inocencio, 2004;
Jordan et al., 2010; Meltzer et al., 2010; Michaleff et al., 2017; van Suijlekom-Smit et al.,
1997) highlights the importance at a population level. Routine screening in primary care
settings for the detection of children/adolescents with sleep problems and/or with
psychological symptoms for early recognition of symptoms may be performed, and
information and education given about potential risks as a pre-emptive intervention (Kramer
and Garralda, 2000; Meltzer et al., 2014). Similarly, children/adolescents who present to
primary care with musculoskeletal problems might benefit from education on sleep hygiene,
or on how to cope with pain and this might prevent the transition to chronicity and worsening
of musculoskeletal problems (Vriend and Corkum, 2011). In addition, this study aimed to
investigate whether consultations for sleep problems or psychological symptoms were
associated with consultations for musculoskeletal pain and not to prove causation (Hernan,
2018), and only some causality criteria (e.g. temporality, consistency with previous research)
but not others (e.g. biological gradient, experimental evidence) (Bhopal, 2002) were fulfilled.
Therefore, the results of this study are a first step to understanding these associations and
primarily there is a need to understand the mechanisms that lead to increased risk, in order to
design effective interventions. Also, there is a need to conduct long-term longitudinal
research to establish if these risk factors play a role in the development of long-term adult

musculoskeletal pain.

Conclusions

This study found an increased risk of consultation for musculoskeletal conditions among
children/adolescents with previous consultations for sleep problems or psychological
symptoms. Future studies are needed to elucidate the causal mechanisms between these risk
factors and musculoskeletal conditions, which might lay the basis for potential interventions

within primary care settings.
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Figure 1. Association between consultation for sleep problems and musculoskeletal
conditions. Explanation of the graph: At 2-year follow-up, 96/531 (18.1%) individuals
without sleep problems and 30/107 (28.0%) consulters with sleep problems consulted for a

musculoskeletal condition or were censored from the study, respectively.

Figure 2. Association between consultation for psychological symptoms and
musculoskeletal conditions. Explanation of the graph: At 2-year follow-up, 470/2535
(18.5%) individuals without psychological symptoms and 132/507 (26.0%) consulters with
psychological symptoms consulted for a musculoskeletal condition or were censored from the

study, respectively.

This article is protected by copyright. All rights reserved



___________________________________________________________________________________________________________________________________|
Table 1 Most frequent Read Codes for the variables used in the study

Sleep problems (Total N = 107)

Read Code term Frequency Percentage
E205 - Tired all the time 25 23.4% (25/107)
RO05 - (D) Sleep disturbances 20 18.7% (20/107)
173B - Nocturnal cough/wheeze 15 14.0% (15/107)
R0O050 - (D) Sleep disturbance unspecified 13 12.1% (13/107)
R0052 - (D) Insomnia NOS 6 5.6% (6/107)
Psychological symptoms (Total N = 507)
Read Code term Frequency Percentage
ZV655 - (V) Health anxiety 41 8.0% (41/507)
E2C - Behaviour disorder 40 7.9% (40/507)
1B1L - Stress related problem 29 5.7% (29/507)
1BT - Low mood 25 4.9% (25/507)
13Z4C - Behavioural problems at school 19 3.8% (19/507)
E2C - Disturbance of conduct NEC 19 3.8% (19/507)
Musculoskeletal conditions (Total N = 627)
Read Code term Frequency Percentage
N145 - Back pain unspecified 30 4.8% (30/627)
NO094M - Arthralgia of the knee 28 4.5% (28/627)
RO65 - (D) Chest pain 26 4.2% (26/627)
N142 - Low back pain 25 4.0% (25/627)
N131 - Cervicalgia - pain in neck 22 3.5% (22/627)
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Table 2 Baseline descriptive analysis

Sleep problems Boys Girls Overall
Age 12.5 135 131
Individuals with sleep problems 49 (45.8%) 58 (54.2%) 107
Individuals without sleep problems 242 (45.6%) 289 (54.4%) 531
Overall 291 (45.6%) 347 (54.4%) 638
Psychological symptoms Boys Girls Overall
Age 131 14.2 13.7
Individuals with psychological symptoms 246 (48.5%) 261 (51.5%) 507
Individuals without psychological symptoms 1,230 (48.5%) 1,305 (51.5%) 2,535
Overall 1,476 (48.5%) 1,566 (51.5%) 3,042
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__________________________________________________________________________________________________________________________________|
Table 3 Musculoskeletal pain frequency

Sleep problems and onset of musculoskeletal conditions

Consultation for musculoskeletal conditions No Yes Overall
Individuals with sleep problems 77 (71.9%) 30 (28.1%) 107
Controls without sleep problems 438 (82.5%) 93 (17.5%) 531
Overall 515 (80.7%)  123(19.3%) 638
Psychological symptoms and onset of musculoskeletal conditions

Consultation for musculoskeletal conditions No Yes Overall
Individuals with psychological symptoms 375 (74.0%) 132 (26.0%) 507
Controls without psychological symptoms 2,093 (82.6%) 442 (17.4%) 2,535
Overall 2,468 (81.1%) 574 (18.9%) 3,042
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Table 4 Cox regression of the association between consultations for sleep problems at

baseline and consultations for musculoskeletal conditions at follow-up

Unadjusted analysis (Model 1) (N = 638)

Musculoskeletal conditions at follow-up Hazard ratio 959% ClI
Sleep problems 1.72 1.14, 2.60
Adjusted analysis * (Model 2) (N = 638)

Musculoskeletal conditions at follow-up Hazard ratio 959% ClI
Sleep problems 1.72 1.13, 2.60
Adjusted analysis ° (Model 3) (N = 638)

Musculoskeletal conditions at follow-up Hazard ratio 959% ClI
Sleep problems 1.49 0.98, 2.27

% Analysis adjusted for Psychological symptoms, Index year, Gender, Age at index date and

Practice

® Analysis adjusted for the above confounders and additionally by consultation frequency
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Table 5 Cox regression of the association between consultations for psychological

symptoms at baseline and consultations for musculoskeletal conditions at follow-up

Unadjusted analysis (Model 1) (N = 3,042)

Musculoskeletal conditions at follow-up Hazard ratio 95% CI
Psychological symptoms 1.59 1.31,1.93
Adjusted analysis * (Model 2) (N = 3,042)

Musculoskeletal conditions at follow-up Hazard ratio 95% CI
Psychological symptoms 1.59 1.31,1.94
Adjusted analysis ” (Model 3) (N = 3,042)

Musculoskeletal conditions at follow-up Hazard ratio 95% ClI
Psychological symptoms 1.39 1.14,1.70

? Analysis adjusted for Sleep problems, Index year, Gender, Age at index date and Practice

® Analysis adjusted for the above confounders and additionally by consultation frequency
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Figure 2

Kaplan-Meier survival estimates
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