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ABSTRACT

Objectives To assess the association between age, sex,
socioeconomic group, weight status and back pain risk in
a large general population cohort of children.

Design and setting A dynamic cohort of children aged 4
years in the Information System for Research in Primary
Care (SIDIAP) electronic primary care records data in
Catalonia. Multivariable Cox models were fitted to explore
the association between back pain and weight status
categories according to the WHO 2007 growth reference
groups (body mass index for age z-score). Models

were adjusted for age, sex, socioeconomic status and
nationality.

Participants Children seen at age 4 years at paediatric
primary care clinics between 1 January 2006 and 31
December 2013 and followed up until 31 December 2016
or age 15 years.

Outcome measures Incident back pain registered by
paediatricians at primary care using the International
Statistical Classification of Diseases and Health Related
Problems, 10th Edition code M54.

Results 466 997 children were followed for a median
5.0 years (IQR 5.1). In multivariable models, overweight
and obesity increased back pain risk, with adjusted HRs of
1.18 (95% Cl 1.09 to 1.27) and 1.34 (95%Cl 1.19 to 1.51)
for overweight and obesity, respectively. Females were at
greater risk of back pain than males with adjusted HR 1.40
(95%Cl 1.35 to 1.46). Adjusted HR was 1.43 (95%Cl 1.33
to 1.55) for back pain in children from the most deprived
socioeconomic groups compared with the least deprived
socioeconomic groups.

Conclusions Maintaining a healthy weight from an

early age may reduce the prevalence of back pain in

both children and adults. Overweight female children
from deprived socioeconomic groups are at greatest

risk of back pain and represent a target population for
intervention.

INTRODUCTION

Back pain is the greatest cause of disability
worldwide, and this burden continues to
increase in magnitude.' It is common among
children and adolescents and may affect up
to three quarters of individuals before adult-
hood.? Childhood back pain results in activity
limitation and school absenteeism.” * Pain is

,° Daniel Prieto-Alhambra

1,6

Strengths and limitations of this study

» Large dataset of nearly half a million children.

» Generalisable outcome of back pain: when parent
believes pain is sufficiently severe to seek input
from healthcare professionals.

» Study does not address psychometric factors that
play important role in the aetiology of back pain.

» Long-term follow-up into adulthood not available.

reported in the cervical, thoracic and lumbar
spine,” and prevalence increases with age,’
reaching levels comparable with adult popu-
lations by 18 years.7 Most studies assess self-
reported pain, and the number of children
and adolescents consulting healthcare profes-
sionals with back pain is not known.

There is very limited evidence for primary
prevention of back pain.® In children, only
education and ergonomic school furni-
ture have been studied but without robust
evidence of benefit.” Although interventions
that incorporate exercise are effective in
adults, these have not been investigated in
children.® Interventions are most likely to be
successful when targeting specific risk factors
in populations predisposed to developing
back pain; however, predictive factors are
currently not well characterised.'’

The prevalence of childhood obesity and
back pain are both increasing.” "' ' Crucially,
back pain during youth predicts pain in
adulthood,13 " and obesity during childhood
predicts obesity in adolescence."” Although
obesity is associated with chronic back pain
in adults,' there is only limited evidence of
an association during childhood.'*"® In addi-
tion, the increased prevalence of back pain
in females from lower socioeconomic groups
in adults' has not been consistently repro-
duced in adolescent cohorts.” Childhood
obesity may represent a modifiable risk factor
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for back pain, and weight optimisation confers benefits
beyond musculoskeletal health.

The aims of this study were: (1) to determine the inci-
dence of community paediatrician consultations due to
back pain and (w) to explore the association between
back pain and age, sex, socioeconomic group and weight
status in a large general population cohort of children.

METHODS

Data source

Data were obtained from anonymised electronic medical
records from the Sistema d’Informacié pel Desenvolupa-
ment de I'Investigacié en Atencié Primaria (SIDIAP; www.
sidiap.org) (Information System for Research in Primary
Care). The database includes longitudinal data on patient
demographics, clinical visits to primary care centres and
International Statistical Classification of Diseases and
Health Related Problems, 10th Edition (ICD-10) coded
health problems from 296 primary care centres in Cata-
lonia. Data are available for greater than 80% of the 7.5
million population of Catalonia, totalling more than 1.1
million children under the age of 15 years.

Population

The cohort included all children assessed at age 4 years
(6 months) by a paediatric doctor or nurse in any of the
contributing primary care centres between 1 January 2006
and 31 December 2016 with at least one valid height and
weight measurement recorded in the SIDIAP database
(figure 1). These assessments represent a routine paedi-
atric health surveillance programme within the region.

Study design

A dynamic cohort study was conducted with longitu-
dinal data extraction for all participants from their index
appointment (age 4 years old+6 months) until the earliest
of: the date they reached 15 years of age (when individ-
uals transition to adult care), migration away from a
Catalan Institute of Health centre, death or end of study
(31 December 2016).

Study exposures and outcomes

Recorded exposures included patient demographics
measured at the index appointment of a screening
programme: age (months), sex, height (metres), weight
(kg), socioeconomic group and nationality. Age and sex
referenced BMI (body mass index for age z-score (BMlz))
was calculated according to the WHO 2007 guidance,

| Children in SIDIAP Database n = 1355173

=| Children without a BMI measurement n = 9626

Children with at least one BMI measurement n = 1345547

=| Children without a valid BMI measurement n = 985

Children with a valid BMI measurement n = 1344562

»| Children without a valid BMI trajectory n = 1190

Children with a valid BMI trajectory n = 1343372

N Children without valid BMI age four years n = 876,375

Children with valid BMI age four years n = 466,997

Figure 1 Study population flow chart. BMI, body mass index; SIDIAP the Information System for Research in Primary Care.
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and children were categorised as ‘underweight’, ‘normal
weight’, ‘overweight’ or ‘obese’.'? These weight status cate-
gories represent the number of SD away from the mean:
underweight <-2, normal weight -2 to +2, overweight >+2
and obesity >+3. Biologically implausible values of BMIz
were excluded according to WHO Expert Committee 1995
guidance, and implausible values in growth trajectory data
up to the age of 10 years were identified using a conditional
growth percentile model.”” Socioeconomic group was
measured using the MEDEA (Mortalidad en dreas pequenas
Espanolasy Desigualdades Socioeconémicas y Ambientales)
deprivation index calculated using five census-based socio-
economic indicators: unemployment, manual occupation,
temporary employment, illiterate adults and school leavers
before 16 years of age. Group 1 represents the least depri-
vation and group 5 the most deprivation. MEDEA catego-
ries also include rural communities and unclassified urban
communities.

Outcomes were ascertained from diagnoses recorded
in primary care paediatric records during visits to
contributing health centres between 1 January 2006 and
31 December 2016 in the Catalan universal healthcare
system. Prespecified ICD-10 codes were used to identify
first episodes of back pain after 4 years of age: lumbar
spine pain (Mb54.1, M54.3, M54.4 or M54.5), thoracic
back pain (Mb4, Mb54.6, M54.8 or M54.9) or cervical
spine pain (Mb54.2).

Statistical analysis

Population demographics were expressed as frequencies
and percentages for categorical data and means and SD
or medians and IQR for continuous data where appro-
priate. Cumulative incidence was calculated using actu-
arial lifetables for first time event of a recorded code of
interest (lumbar, thoracic or cervical spine pain) and
stratified for weight category. Results were tabulated and
expressed as Kaplan-Meier plots.

Multivariable Cox models were used to explore the asso-
ciation between back pain and weight categories (BMIz),
adjusted for age, sex, nationality (Spanish or other) and
socioeconomic group (MEDEA). Weight categories and
socioeconomic status groups were treated as factor vari-
ables. Age was treated as a continuous variable. MEDEA
scores were categorised into quintiles to minimise risk of
reidentification.

A prespecified interaction between weight category and
sex was tested by introducing a multiplicative term in the
Cox equation. Sex-stratified results are reported where
the p value for interaction appeared borderline signifi-
cant (p<0.1). A sensitivity analysis was conducted making
further adjustment for birth weight as a marker of genetic
and/or in utero conditioning of adiposity.

Patient and public involvement
There was no patient and public involvement in this
study.

RESULTS

A total of 466 997 children were included in the study
with median follow-up 5.03 years (IQR 5.11). A total of 21
638 and 150 children were transferred out or died during
follow-up, respectively. Participant demographics at the
initial assessment, stratified by baseline WHO weight cate-
gories (BMIz) are summarised in table 1.

The 11-year cumulative incidence of individuals diag-
nosed with back pain at any site by a community paedi-
atrician increased with age and reached 8.93% (95% CI
8.61% to 9.25%) by age 15 years (figure 2 and online
supplemental figure 1).

Back pain was most frequently experienced in the
lumbar region and the cumulative incidence during
childhood (age 4-15 years old) at different sites was
4.33% (95% CI 4.08% to 4.58%) for lumbar pain, 2.46%
(95% CI 2.29% to 2.63%) for thoracic pain and 2.86%
(95% CI 2.71% to 3.01%) for cervical pain (table 2).

Cumulative risk was higher in females (10.31% (95% CI
9.82% to 10.80%)1) than males (7.62% (95% CI 7.20%
to 8.03%)) and increased with weight category: under-
weight 4.08% (95% CI 1.20% to 6.95%), normal weight
8.78% (95% CI 8.45% to 9.12%), overweight 10.14%
(95% CI 8.89% to 11.39%) and obese 11.83% (95% CI
9.43% to 14.24%).

Individuals classified as overweight or obese had an
increased risk of developing back pain at any site. This
association remains present when adjusting for age, sex,
socioeconomic group and nationality. In the multivariable
cox regression model, low socioeconomic group, female
sex and non-Spanish nationality all increased the risk of
back pain (table 3). There was no interaction between sex
and weight categories (p=0.86).

The association between weight category and back pain
was maintained when stratifying for lumbar, thoracic and
cervical spine pain (online supplemental tables 1-3).
Obese children had an increased risk of developing pain
in all areas of the back compared with individuals with
a normal weight status. In each of the lumbar, thoracic
and lumbar regions, females remained at greatest risk of
back pain, as did individuals in the most deprived socio-
economic groups compared with the least deprived socio-
economic groups.

Birth weight was available for 310 772 (66.55%) of
the participants, and inclusion as a covariable in the cox
regression model did not modify the observed associa-
tions (data not shown). Birth weight was not associated
with back pain other than in the cervical region, with
adjusted HR of 1.10 (95% CI 1.02 to 1.20) per kg increase
in weight at birth (online supplemental table 4).

DISCUSSION

Almost 1 in 10 children develop at least one episode of
back pain during childhood, and lower back (lumbar)
pain is the most common site. This study demonstrates
that children who are overweight or obese at an early age
have an increased risk of developing back pain during
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Cumulative incidence (%)
Ll
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Figure 2 Age-specific cumulative incidence (95% CI) of
back pain at any site.

childhood. The cumulative incidence of back pain diag-
nosed by community paediatricians increased with age
and was almost 9% in children with a normal weight,
compared with almost 12% for obese children. Adjusting
for age, sex, socioeconomic status and nationality, a child
with obesity has a 34% excess risk of developing back pain
before the age 15 years. Female children are 40% more
likely to develop back pain than males, and children from
most deprived socioeconomic groups are at a more than
40% higher risk of developing back pain than those of the
least deprived socioeconomic groups.

The incidence of back pain in this study is lower than in
other cohorts, where reported lifetime prevalence during
adolescence ranges from 4.7% to 74.4%* with a mean

Table 2 Cumulative incidence of back pain stratified by
age, sex and site of pain

Cumulative
incidence (%) 95% CI
All participants 8.93 8.62 t0 9.25
Sex
Female 10.31 9.82 to 10.80
Male 7.62 7.20 to 8.03
BMIz categories
Underweight 4.08 1.20 t0 6.95
Normal weight 8.78 8.45109.12
Overweight 10.14 8.89to0 11.39
Obese 11.83 9.43 to 14.24
Site of pain
Cervical 2.86 2.71 to 3.01
Thoracic 2.46 2.29102.63
Lumbar 4.33 4.08 to 4.58

BMIz, body mass index for age z-score.

lifetime prevalence of 40% (95% CI 34% to 54%) in 30
studies.” The large variation in reported prevalence most
likely reflects the different tools used to diagnose back
pain, which in most studies is self-reported, as well as the
population characteristics. Studies to date have recruited
individuals from educational or community institutions.
In our study, back pain was diagnosed by community
paediatricians and only includes children with pain suffi-
ciently severe to seek input from healthcare services.

Existing literature reports inconsistent associations
between childhood back pain and BML?*' * A systematic
review of studies including 5567 participants categorised
into normal weight or overweight, concluded that over-
weight children are at increased risk of lower back pain
with a risk ratio of 1.42 (95% CI 1.03 to 1.97); however,
the included studies offer only low-quality evidence.'” Our
results demonstrate that children who are overweight or
obese have an increased risk of developing back pain in
the lumbar, thoracic and cervical spine, after adjustment
for confounding factors. Furthermore, there is a sugges-
tion of a dose-response relationship between back pain
and weight categories.

As with weight categories, there is conflicting evidence
regarding the association between sex and childhood
back pain. Some studies report no difference between
sexes™ ! and others report a higher prevalence in
females.” ™’ A meta-analysis of 27 studies revealed no
statistically significant relationship between sex as life-
time prevalence.” Our study demonstrates a higher prev-
alence of back pain in females, as demonstrated in adult
cohorts,28 and was the case for the lumbar, thoracic and
cervical spine.

Adults with chronic back pain are more likely to
have received less education and have lower house-
hold income.* Children of mothers with no educa-
tional qualifications are more likely to report frequent
complaints of headache, stomach ache or sickness than
children of mothers a higher degree (risk ratio of 2.06,
95% CI 1.64 to 2.59).% Studies have not found an associ-
ation between socioeconomic status and the prevalence
of childhood back pain,”** although there is evidence
that childhood socioeconomic status may affect the
risk of developing back pain as an adult.”” Our cohort
demonstrated a clear association between ecological
socioeconomic status and childhood back pain with a
monotonic association, and studies suggest this trend
continues into adulthood.”

Study strengths include the large dataset of nearly half
a million children, which to our knowledge is the largest
study exploring risk factors for childhood back pain. The
outcome is a standardised measure of back pain, which
is when a child or their parent believes the back pain is
sufficiently severe to seek input from healthcare services.
Diagnosis is then confirmed by a community paediatri-
cian. The diagnosis of back pain in this cohort is there-
fore likely to represent a severe episode of pain, although
there are no data on the duration, relief or aggravation
of symptoms.
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Table 3 Crude and multivariable Cox regression models with HRs for development of back pain at any site

Univariate Multivariable*
HR 95% CI HR 95% CI

Age

Months 1.02 1.01t0 1.03 1.02 1.01t0 1.03
Sex

Male Ref - - -

Female 1.40 1.35t0 1.46 1.40 1.35t0 1.46
BMIz categories

Underweight 0.78 0.41 to 1.50 0.78 0.41 to 1.51

Normal range Ref - - -

Overweight 1.18 1.10to 1.27 1.18 1.09 to 1.27

Obese 1.34 1.20 to 1.51 1.34 1.19to 1.51
Socioeconomic status

Rural area 1.29 1.20t0 1.38 1.29 1.20t0 1.39

Urban quintile 1 Ref - - -

Urban quintile 2 1.16 1.07t0 1.25 1.16 1.07t01.25

Urban quintile 3 1.28 1.18 10 1.38 1.27 1.18t0 1.38

Urban quintile 4 1.32 1.23101.43 1.33 1.23t01.44

Urban quintile 5 1.41 1.31 to 1.52 1.43 1.33to 1.55

Urban not classified 1.32 1.19t0 1.47 1.32 1.18 t0 1.47
Nationality

Spanish Ref - - -

Other 0.75 0.69 to 0.82 0.73 0.67 to 0.79

*Adjusted for all the variables reported on in this same table.
BMIz, body mass index for age z-score.

Most epidemiological studies use patient reported
outcome measures to diagnose back pain; however, this
does not evaluate access to healthcare services, which is
key from a health economics perspective. The compre-
hensive SIDIAP database makes it possible to adjust for
salient confounding variables, identified as age, sex,
socioeconomic status and nationality, which confirmed
overweight or obese weight categories are indepen-
dent risk factors for back pain. Despite adjustment for
confounding factors, there may be other important factors
that have not been considered. Psychometric factors
play an important role in the aetiology of back pain and
have not been evaluated in this study,”' nor have physical
activity levels or ergonomics of child’s environment. In
addition, weight categories were established based on age
and sex referenced BMI using WHO guidance'? but may
not accurately reflect cardiometabolic health.*

Long-term follow-up of this cohort into adulthood is
not currently available. While this study demonstrates an
association between weight status and back pain during
childhood, it does not provide evidence of causation.
Furthermore, it is not known whether the findings in
this cohort are representative of other populations, such
as children from USA, where there are higher rates of
obesity; however, Spain has among the highest rates of

obesity in Europe.”” There were an insufficient number of
underweight participants to draw conclusions regarding
back pain in this population group, where there is likely
to be a higher proportion of patients with systemic
medical conditions. Also, a higher proportion of partic-
ipants were overweight or obese in participants without
a valid BMIz at 4-year follow-up assessment. An area not
addressed by this study is whether children with back pain
at one site are more likely to also present with back pain
at a different site. There may also be variation in how
clinicians code back pain, particularly when anatomically
differentiating the lumbar, thoracic and cervical regions.

Obesity is associated with back pain in adults,™ ™ and
our study demonstrates that this association is already
evident during childhood. Critically, childhood back pain
has been shown to predict back pain in adults,”” '* poten-
tially after the initiation of pathology or persistence of
risk factors.* Our study does not quantify the duration of
symptoms but chronic pain may continue into adulthood.

Alongitudinal study of the British Birth Cohort suggests
back pain is unlikely to be a cause of obesity given the
absence of a temporal association.”* Reasons for the
increased risk of back pain in overweight or obese chil-
dren are not known, but the aetiology may be mechan-
ical, biological or psychological.' The absence of an
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association between birth weight and back pain suggests
it is weight gain at a young age that increases the risk of
back pain. Crucially, strategies to reduce the prevalence
of back pain in adulthood may be most effective when
commenced during childhood.

There is very limited evidence for primary prevention of
back pain, particularly in children.? In adolescent popu-
lations, only education and ergonomic school furniture
have been studied. There is moderate quality evidence
that education is not effective and very low quality
evidence that ergonomically designed furniture could
prevent back pain compared with conventional furni-
ture.” Exercise, particularly when combined with educa-
tion, can prevent back pain in adulthood and warrants
investigation in child populations.®

The highest risk population for developing back pain
is obese females from deprived socioeconomic groups.
These individuals should be the priority target for inter-
vention. Tacking childhood obesity may reduce the
prevalence of back pain both in children and adults, in
addition to conferring other health benefits. The role for
early intervention is further supported by a recent study
demonstrating that the most rapid gain in weight during
childhood is observed between 2 and 6 years of age.'” An
improved understanding of how socioeconomic factors
influence back pain and obesity may facilitate the devel-
opment of novel preventative strategies. In addition to
physical activity levels, diet and environmental exposures,
cultural beliefs and differing thresholds for consulting
healthcare practitioners by socioeconomic group may
play a role.”’ The additional observation that a higher
proportion of underweight individuals are of non-Spanish
nationality may have implications for migrant health and
warrants further investigation.

CONCLUSION

Children who are overweight or obese are at a significantly
increased risk of developing back pain. The incidence of
back pain increases with age and is highest in overweight
females from deprived socioeconomic groups. Given
childhood back pain predicts back pain in adulthood, it is
recommended that preventative strategies commence at
an early age. Strategies should include ensuring children
maintain a normal healthy weight.
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