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Abstract
Background: Spinal pain (SP), including neck and back pain, is common and 
often associated with poor mental health and reduced quality of life of adoles-
cents. Contemporary understanding of SP favours a biopsychosocial approach, 
and emerging evidence suggests the stronger influence of psychological rather 
than other factors.
Objectives: We aimed to investigate if experiencing psychological distress in 
early childhood increases the risk of spinal pain with impact during adolescence.
Methods: 1175 adolescents from a prospective cohort study (Raine Study Gen2) 
were included. Psychological distress was assessed at ages 2, 5, 8 and 10 using Child 
Behaviour Check List (CBCL). CBCL total and subscale scores (internalizing and 
externalizing symptoms) were converted to age-standardized scores and dichoto-
mized according to t-scores (>60=high distress). Life-time spinal pain, including 
low back, mid back, or neck/shoulder, was measured at age 17. We were interested 
in adolescent SP with impact (care seeking, medication use, school absenteeism, 
daily activity interference, leisure activity interference) and defined cases as SP 
with impact (one or more) or greater impact (two or more) impacts. We investi-
gated the longitudinal associations between childhood psychological distress and 
adolescent SP using univariate and multivariable logistic regression models.
Results: Psychological distress in childhood increased the odds of adolescent SP 
with impact by 33% (OR 1.33; 95% CI 1.01–1.76), but not spinal pain with greater 
impact (OR 1.22; 95% 0.83–1.80). Internalizing symptoms were associated with 
SP with greater impact and externalizing symptoms with SP with impact after 
adjusting for a range of potential child and family confounders.
Conclusion: Psychological distress in childhood increases the risk of SP with 
impact in adolescence and may be a promising prevention target.
Significance: Our findings provide evidence that psychological distress early in 
life is an independent risk factor for spinal pain with impact during adolescence. 
As psychological distress during childhood is potentially modifiable, it may be a 
promising target for research on the prevention of consequential spinal pain in 
adolescence. Identifying and addressing psychological distress in children may 
be an important component of best practice to reduce consequential spinal pain 
in adolescents.
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1  |   INTRODUCTION

For nearly 3 decades, spinal pain, including neck and back 
pain, has been a leading cause of years lived with disabil-
ity globally (James et al., 2018). The prevalence of spinal 
pain rises quickly during adolescence and by late adoles-
cence is similar to adults (Kamper et al., 2016). Adolescent 
spinal pain is often associated with functional interference 
(e.g. school absenteeism), poor mental health and reduced 
quality of life (Kamper et al., 2016, 2018; O'Sullivan et al., 
2012; Rees et al., 2011). Unfortunately, spinal pain and its 
consequences will often have a negative impact on chil-
dren and adolescents’ development and lifestyle and con-
tinue into adulthood (Coenen et al., 2017; Kamper et al., 
2016). Given the substantial individual and societal bur-
den, spinal pain in adolescents represents an important 
public health issue that requires attention (O'Sullivan 
et al., 2012). However, little is known about the factors that 
increase the risk of spinal pain in adolescents (Kamper 
et al., 2016), especially pain with negative impacts such as 
interference with daily and leisure activity, care-seeking, 
medication use and school absenteeism.

Spinal pain is characterized by a range of factors that 
are commonly conceptualized within a biopsychosocial 
framework (Kamper et al., 2016). A range of biological (e.g. 
posture) and social (e.g. socioeconomic status) factors are 
potential risk factors for adolescent spinal pain (Huguet 
et al., 2016; Kamper et al., 2016). There is also growing in-
terest in the importance of psychological factors, such as 
distress, in the development and persistence of paediatric 
pain (O'Sullivan et al., 2019). A recent systematic review 
in children and adolescents suggests that psychosocial 
factors (e.g. depressed mood/depressed symptoms, mental 
distress and emotional disfunction) are most consistently 
associated with spinal pain, more than others suggested 
risk factors (e.g. body mass index) (Huguet et al., 2016). 
Psychological distress during childhood may be a key 
driver of adolescent spinal pain with impact.

Psychological distress can be broadly defined as an 
aversive emotional state characterized by a perceived 
inability to cope in the context of various stressors such 
as emotional, behavioural and social problems (Ridner, 
2004). Left untreated, childhood psychological distress 
can lead to many adverse health outcomes (Danese et al., 
2007; Winning et al., 2016). Previous research shows that 
early life distress is associated with biological dysregula-
tion, including metabolic and inflammatory dysfunction 
and poor health outcomes in adulthood (e.g. cardiovascu-
lar diseases) (Danese et al., 2007; Winning et al., 2016). 
Elevated distress in childhood is also likely to reflect be-
havioural issues (e.g. sub-optimal coping skills), particu-
larly emotion regulation, which is a likely risk factor for 
the development of chronic pain (Koechlin et al., 2018). 

The lack of evidence investigating a potential role of early 
childhood psychological distress as a risk factor for ado-
lescent spinal pain is an important gap in knowledge. The 
present study used data from an Australian cohort study 
to investigate if the experience of psychological distress 
in early childhood increases the risk of adolescent spinal 
pain with impact. We investigate five pain-related negative 
impacts that often interfere in adolescents life and well-
being such as limitations with daily and leisure activity, 
school absenteeism, care seeking and medication use. A 
further aim was to explore whether the risk of spinal pain 
with impact was dependent on the type of psychological 
distress, as characterized by internalizing (e.g. anxiety and 
depression) and externalizing problems (e.g. aggression 
and attention deficit hyperactivity disorders).

2  |   METHODS

2.1  |  Study design

Prospective cohort study of adolescents enrolled in the 
Raine Study (www.raine​study.org.au). The Raine Study 
cohort was established to investigate the contributions 
of early family and environmental factors on health out-
comes throughout life.

2.2  |  Sample

Participants of the Raine Study Generation 2 (Gen2 2, 3, 5, 
8, 10-year follow-ups), born between 1989 and 1992, were 
included. Raine Study participants are representative 
of the general population in Western Australia (Straker 
et al., 2017). Outcome data were collected by research 
assistants blinded to the risk factors. Comprehensive de-
tails of recruitment procedures, measures, data collection 
and further information on the representativeness of the 
Raine sample are provided elsewhere (Straker et al., 2017). 
We obtained ethics approval for this study from the Curtin 
University Human Research Ethics Committee and the 
Princess Margaret Hospital Human Research Ethics 
Committee (HR84/2005). Consent was gained from the 
participants’ guardians.

2.3  |  Exposure

Psychological distress was assessed at ages 2, 5, 8 and 10 
using the Child Behaviour Check List (CBCL). The CBCL 
is a valid instrument with good sensitivity (83%) and 
specificity (67%) to assess psychological distress and has 
good test–retest reliability in the Raine cohort (Zubrick 
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et al., 1997). Using the CBCL, carers reported informa-
tion regarding their child's behavioural and emotional 
status including somatic complaints, symptoms of anxiety 
and depression, withdrawal, aggressive behaviour, rule-
breaking behaviour, social problems, thought problems 
and attention problems (Achenbach & Ruffle, 2000). The 
CBCL administration is tailored to the age of children. For 
children aged two (CBCL/2–3), parents complete a 99-item 
instrument (Achenbach et al., 1987). For older children 
(from 4 to 10 years), a 118-item CBCL instrument is used 
(TM, 1991). CBCL total raw scores and two broad-band 
scales—internalizing (problems of anxiety/depression, 
withdrawal and somatic complaints scales) and external-
izing (rule-breaking and aggressive behaviour)—were 
converted to age-standardized scores (t-scores having a 
mean  =  50 and SD  =  10). Higher scores indicate more 
psychological distress, including internalizing symptoms 
and externalizing behavioural issues. Given that t-scores 
below 60 are considered low risk (Achenbach, 1991; 
Robinson et al., 2011) we operationalized psychological 
distress as scores of 60 and above that includes borderline 
and clinical scores. Children were classified as being ex-
posed to psychological distress if they experienced psycho-
logical distress in one or multiple timepoints.

2.4  |  Outcomes

When participants were approximately 17 years old, in-
formation about spinal pain, including the lower back, 
thoracic and neck areas, was collected using a paper-
based questionnaire. Adolescents’ life-time experience 
of spinal pain was self-reported and assessed using 
standard ‘yes and no’ questions based on the Nordic 
Musculoskeletal Questionnaire (Crawford, 2007). 
Participants were asked, ‘Have you ever had low back 
(or mid back, or neck/shoulder) pain’? Participants who 
answered ‘yes’ to any of these questions were catego-
rized as having spinal pain. Participants answering ‘yes’ 
to any spinal pain question were also asked five addi-
tional questions (Table S1) related to spinal pain-related 
impact: 1. care-seeking; 2. medication use; 3. school ab-
senteeism; 4. daily activity interference; 5. leisure activ-
ity interference (e.g. sport). Participants with no pain 
or pain with no impact were categorized as ‘no spinal 
pain’. As we were interested in pain with impact, the 
cases for this study were defined as those with spinal 
pain and one or more of the impacts listed above (e.g. 
back pain that resulted in medication use). To estimate 
whether findings are sensitive to our definition of the 
outcome, we performed a sensitivity analysis to inves-
tigate adolescent spinal pain with greater impact with 
adolescents reporting two or more spinal pain-related 

impacts (e.g. back pain that resulted in medication use 
and school absence).

2.5  |  Co-variates

Confounding and moderator factors were selected prior 
to the analysis considering the biopsychosocial models of 
paediatric pain (Pillai Riddell et al., 2013). For this study, 
we defined a theoretical model linking spinal pain and 
psychological distress using available co-variates in the 
Raine Study Generation 2 and included potential con-
founders related to the child (e.g. engaged in sports out of 
school, general health, body mass index) and the family 
environment (e.g. family income, maternal education, pri-
mary carer history of back pain) (Table S2). Evidence sug-
gests that psychosocial distress and spinal pain are more 
frequently reported in girls than boys (Kamper et al., 2016; 
Rees et al., 2011). Adolescent girls also tend to report MSK 
with more impact pain than adolescent boys (O'Sullivan 
et al., 2012). Thus, child sex was tested as a moderator.

2.6  |  Statistical analysis

Participants were included in the study if they answered 
questions for spinal pain outcomes at follow-up (17 years) 
and the CBCL at three or more time points (2, 5, 8, 
10  years of age) (Figure 1). We included children with 
three or more valid time-points for CBCL to avoid clas-
sifying a child as not exposed to psychological distress in 
case data were missing. Descriptive characteristics of the 
sample at baseline included anthropometric data, lifestyle 
factors, psychological distress and family characteristics. 
We investigated the longitudinal associations between 
psychological distress and adolescent spinal pain with im-
pact using univariate and multivariable logistic regression 
models. In Figure 2, we present a theoretical causal model 
that could explicate the relationships among the variables 
that affect adolescent spinal pain with impact. All poten-
tial confounders were included in the final multivariable 
models. An interaction term between sex and CBCL was 
tested to evaluate sex as a moderator of the association 
between psychological distress and spinal pain. Child sex 
was tested as a moderator due to the potential to affect 
the strength of the relation between psychological distress 
and back pain, based on evidence that psychosocial dis-
tress and back pain are more frequent and severe in girls 
than boys (Perquin et al., 2000; Watson et al., 2002).

In addition to the complete case analysis, we performed 
a sensitivity analysis to investigate whether findings are 
sensitive to data incompleteness using multiple imputa-
tion and improve the validity of our results. In addition 
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to the complete case analysis, we performed a sensitivity 
analysis to investigate whether findings are sensitive to 
data incompleteness using multiple imputation. Multiple 
imputation has the potential to assist identification of bias 
due to missing data and improve the validity results. We re-
placed missing data prior to estimating logistic regression 
models. Sequential chained equations using all variables 
from Table S2 were used to create ten imputed datasets. 
To impute missing psychological distress data, CBCL t-
scores were imputed and categorical indicator variables 
then derived from the imputed t-scores for each dataset. 
Subsequent logistic regression models were estimated 
using the imputed data, with coefficients and standard er-
rors adjusted for the variability between imputation sets 
using Rubin's combination rules. The level of significance 
was set at p < 0.05 for the estimates of association in the 
regression models, and estimates are presented as odds ra-
tios (OR) and 95% confidence intervals (CI). Descriptive 
analyses were performed using version 14.0 of Stata/IC 
statistical software (StataCorp LP). Regression models and 
multiple imputation (mi suite of commands) were per-
formed using version 15.0 of Stata/IC.

3  |   RESULTS

3.1  |  Sample characteristics and 
prevalence estimates

Table 1 displays the characteristics of 1175 adolescents 
divided into; no spinal pain, spinal pain with impact (≥1 
impact), spinal pain with greater impact (≥2 impacts). 
The mean age of participants was 17.0 years (SD 0.3) and 
females represented 53% of the sample. The proportions 
of adolescents in our sample with adolescent spinal pain 
with impact and greater impact were 49.4% and 14.1% 
respectively.

4  |   PSYCHOLOGICAL DISTRESS 
AND RISK OF DEVELOPING 
SPINAL PAIN WITH IMPACT

We performed preliminary analysis to investigate whether 
sex moderated the association between distress and spinal 
pain with impact. No evidence for interaction was detected 
(p-value >0.10, see Table S3 for sex-specific results), so sex 
was not included as a moderator in any adjusted models. 
Adjusted estimates include all confounders in Figure 1. In 
adjusted analysis, children reporting higher CBCL total 
scores had 33% higher odds of developing spinal pain with 
impact in adolescence (OR 1.33, 95% CI 1.01–1.76). Higher 
internalizing behaviour scores did not achieve statistical 

significance (OR 1.27; 95% CI 0.97–1.67) while higher ex-
ternalizing behaviour scores increased the odds of spinal 
pain with impact by 49% (OR 1.49, 95% CI 1.13–1.97). The 

F I G U R E  1   Flowchart of sample selection

1989-1991 Cohort Raine established 
(n = 2900)

Live births
(n = 2868)

Baseline - Distress data 
at age 2 (n = 1017)
at age 5 (n = 1149)
at age 8 (n = 1139)

 at age 10 (n = 1152)

Follow-up - Spinal pain data 
at age 17 (n = 1242)

Adolescents with both spinal pain 
data at age 17 and distress data 

at 3 �me points (n = 1175)

No Spinal pain 
with impact

(n = 595)

Spinal pain 
with impact

(n = 580)

Spinal pain with 
greater impact

(n = 166)
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sensitivity analysis using imputed data showed compara-
ble but often stronger associations (Table 2). We present 
estimates from unadjusted models for adolescent spinal 
pain with impact from the complete case and multiple im-
puted datasets in Table S4.

5  |   PSYCHOLOGICAL DISTRESS 
AND RISK OF DEVELOPING 
SPINAL PAIN WITH GREATER 
IMPACT

In adjusted analysis, children reporting higher levels of 
CBCL total scores were not more likely to develop ado-
lescent spinal pain with greater impact (OR 1.22, 95% 
CI 0.83–1.80). Higher internalizing behaviour scores in-
creased the odds of spinal pain with impact by 49% (OR 
1.49, 95% CI 1.02–2.17) while higher externalizing behav-
iour scores did not achieve statistical significance (OR 
1.25; 95% CI 0.84–1.84). In the sensitivity analysis using 
imputed data, the models showed comparable but often 
stronger associations (Table 2). We present estimates from 
unadjusted models for adolescent spinal pain with greater 
impact from the complete case and multiple imputed 
datasets in Table S4.

6  |   DISCUSSION

The purpose of this study was to investigate whether psy-
chological distress in childhood increases the risk of devel-
oping life-time spinal pain with impact by late adolescence. 

Using prospective data over a 15-year period, our results 
suggest that children who experience psychological dis-
tress in childhood have 33% increased odds of developing 
spinal pain with impact at 17 years of age. Higher levels 
of both internalizing and externalizing symptoms issues 
in childhood were associated with greater odds of adoles-
cent spinal pain with impact after adjusting for a range of 
potential confounders. However, these associations were 
not always consistent across spinal pain with impact and 
greater impact. Although sex differences are often identi-
fied in the prevalence of psychological distress and spinal 
pain, sex was not a moderator in our study. Our findings 
suggest that psychological distress in early childhood may 
act as an independent risk factor for spinal pain associated 
with impact in adolescence.

Our findings are consistent with the body of evidence 
indicating that cognitive and emotional psychological fac-
tors increase the risk of the development of pain (Huguet 
et al., 2016; O'Sullivan et al., 2019; Smith et al., 2017). 
Andreucci et al. (2021) reported similar findings sug-
gesting that externalizing symptoms in early adolescence 
(age of 13), and to some extent internalizing symptoms, 
increases the odds of having musculoskeletal pain at the 
age of 17. Psychological distress has been associated with 
the transition from acute to chronic pain and the develop-
ment of disabling pain conditions in children and adults 
(Hasenbring et al., 2001; Huguet et al., 2016; Meints & 
Edwards, 2018; Smith et al., 2017). The novel contribution 
of this paper is the temporal ordering of events, captur-
ing early childhood distress and a critical period of time 
for the onset of spinal pain with impact in adolescents. 
We used a robust statistical analysis that aligns with 

F I G U R E  2   Theoretical causal model between childhood physiological distress and adolescent spinal pain, including confounding and 
moderator factors, inlcuded in this study. * One or more impact including: 1. care-seeking; 2. medication use; 3. school absenteeism; 4. daily 
activity interference; 5. leisure activity interference; # Tested
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contemporary methods to reduce risk of bias and improve 
validity of results. We adjusted our analysis for covariates 
from multiple child and family domains and tested sex as 
a moderator. We included five spinal pain impacts of im-
portance to adolescents’ lives.

Participant attrition may have masked stronger associ-
ations. To address this limitation, we performed multiple 
imputation analyses, which did not show major differ-
ences from the analysis of complete cases (Table S2). As 
our sample is from one geographic region in Australia, 
generalizability of the results may be another limitation. 
Although we found associations for both internalizing 
and externalizing symptoms, the relationships did not 
have a consistent pattern across spinal pain with impact 
and greater impact. For example externalizing behaviour 
issues were associated with spinal pain with impact, while 
internalizing issues were associated with spinal pain with 
greater impact (i.e. two or more pain-related impacts). The 
reason for the inconsistent results remains unknown but 
potentially due to imprecision of the estimates because 
of the smaller numbers of participants that experienced 
greater impact. This is a question worthy off further in-
vestigation. Another limitation is an absence of a measure 

of spinal pain with impact in early childhood, to account 
for previous history of pain. Thus, the issue of reverse 
causation (spinal pain leading to distress) is possible, even 
if unlikely given typically low prevalence of pain in this 
age group (Taimela et al., 1997). Also, our study did not 
consider other early-life pain experiences (e.g. abdominal 
pain) and childhood adversity that have been associated 
with central sensitization and development of pain later 
in life (Joergensen et al., 2019; You & Meagher, 2016). 
Finally, as with any observational study, we acknowledge 
the possibility of residual confounding and future trials 
need to confirm the causal effect of psychological distress.

Our findings are a valuable addition to the literature 
identifying the likelihood of psychological distress being 
a modifiable risk factor for spinal pain with impact in ad-
olescents. Further work that investigates whether distress 
is modifiable may be a promising direction for research on 
prevention. It is reasonable to postulate that the knowl-
edge from future studies on underlying mechanisms may 
contribute to prevention programs by identifying targets 
for interventions. For example the effects of stress-related 
factors on pain might be mediated through physiological 
and behavioural pathways. Elevated psychological distress 

T A B L E  1   Study sample characteristics

Variables
Total
(n = 1175)

No SP 
(n = 595)

SP with impact
(n = 580)

SP greater 
impact
(n = 166)

Children characteristics

Sex (female), n (%) 618 (52.6) 281 (47.2) 337 (58.1) 102 (61.5)

BMI Trajectorya1 3 (2–5) 3 (2–5) 3 (2–5) 3 (2–5)

Engaged in sports out of school, n (%) 767 (66.8) 398 (68.3) 369 (65.3) 103 (64.4)

Television usea2 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–4)

General Healtha3 3 (3–3) 3 (3–3) 3 (3–3) 3 (2–3)

Psychological distress by agea4, n (%)

2 Years 111 (10.9) 46 (8.9) 65 (13.0) 22 (14.8)

5 Years 222 (19.3) 93 (16.0) 129 (22.8) 38 (23.5)

8 Years 195 (17.1) 81 (14.0) 114 (20.3) 38 (23.6)

10 Years 157 (13.6) 58 (9.9) 99 (17.5) 31 (19.4)

At anytime 368 (31.3) 157 (26.4) 211 (36.4) 66 (39.8)

Family characteristics

High maternal education level, n (%)a5 264 (23.2) 144 (25.1) 120 (21.3) 38 (23.6)

Family incomea6 7 (3–9) 7 (4–9) 6 (3–9) 6 (3–9)

Primary carer history of back pain, n (%) 826 (71.7) 404 (66.2) 422 (77.9) 126 (82.4)

Abbreviations: BMI: body mass index; n: number of participants; SD: standard deviation; SP, spinal pain including at least low back, thoracic and neck pain.
aMedian and interquartile range; 1Categorized as 1. very low, 2. low, 3. average, 4. ascending, 5. moderate-high and 6. high; 2Categorized as 1. not at all, 2. up 
to 7 h/week, 3. 7 to 14 h/week, 4. 14 to 21 h/week, or 5. 21 h or more / week; 3Categorized as 1. poor, 2. is ill as often as is well, 3. mostly well, 4. excellent; 
4Psychological distress was dichotomized based on Child Behaviour Check List age-standardized scores (T scores): no <60; yes >= 60; 5Bachelors degree, 
Postgraduate diploma or higher degree; 6Data from 10 years (if not available, we used data from 8 years). Classified into 10 ascendant categories as 1; <$8,000, 
2; $8,001 - $16,000, 3; $16,001 - $25,000, 4; $25,001 - $30,000, 5; 30,001 - $35,000, 6; 35,001 -$40,000, 7; 40,001 - $50,000, 8; 50,001 - $60,000, 9; 60,001 - $70,000, 
10; > $70,001 (Australian dollars).
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in children is also likely to reflect underdeveloped emo-
tion regulation skills (Koechlin et al., 2018). Although 
internalizing tendencies are more commonly associated 
with child functional somatic symptoms, externalizing 
problems often stem from difficulties with emotion regu-
lation, including maladaptive coping with negative affect 
such as anger, sadness or anxiety (Compas et al., 2017; 
Halligan et al., 2013; Modecki et al., 2017). As maladap-
tive behavioural responses to distress and spinal pain are 
potentially modifiable (Pandey et al., 2018), they could be 
targets for preventive interventions.

Psychological distress is common in pre-adolescents, 
but the prevalence varies between studies (Cartwright-
Hatton et al., 2006). In our sample, 3 out of 10 children had 
experienced high levels of distress by the age of 10 years. 
These results provide a rationale for targeting psycho-
logical distress in young people by explicitly teaching 
resilience, social and emotional learning skills broadly, 
for example in school curriculums. Resilience-focused 
approaches delivered in the school setting may show an 
advantage over individual interventions (Corrieri et al., 
2014). Beyond positive effects in terms of improving men-
tal health in childhood (Corrieri et al., 2014; Dray et al., 
2017), these broad programs may be protective against 
consequential pain and chronic disease risk (Chida et al., 
2008; Wirtz & von Kanel, 2017). Investments in chil-
dren's mental health and wellbeing could bring benefits 
today and for decades to come due to the well-known 
individual and societal burden of spinal pain worldwide. 
However, future research is needed to understand causal 
mechanisms that drive the positive effects of resilience-
focused interventions (Corrieri et al., 2014; Dray et al., 

2017). A better understanding of the mechanism respon-
sible for the positive results may help to strengthen these 
interventions.

Young children who report spinal pain and signs of 
distress (e.g. anxiety, depressed mood, aggressive be-
haviours) may also benefit from careful monitoring of 
psychological distress as psychologically informed care 
may reduce the risk of ongoing, consequential spinal 
pain (secondary prevention). This is consistent with the 
current evidence supporting the inclusion of psycholog-
ical interventions as part of chronic pain management 
for reducing distress, pain intensity and disability in 
children and adolescents (Fisher et al., 2018). Similar to 
adults (Lin et al., 2019), identifying and addressing psy-
chological distress (yellow flags) may be an integral part 
of best practice to reduce consequential spinal pain in 
children and adolescents.

In conclusion, the findings from this longitudinal study 
show that childhood psychological distress is an indepen-
dent risk factor for the development of consequential spi-
nal pain in adolescents. These results lend further support 
to the body of evidence suggesting that psychological dis-
tress is a promising direction for research on the preven-
tion of adolescent spinal pain with impact.
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Psychological Distress1

SP with impact SP greater impact

OR (95% CI) n OR (95% CI) n

CBCL Total Scorea

Complete cases 1.33 (1.01 to 1.76) 1045 1.22 (0.83 to 1.80) 1045

Multiple imputation2 1.48 (1.13 to 1.92) 1175 1.39 (0.97 to 2.00) 1175

CBCL subscales

Internalizinga

Complete cases 1.27 (0.97 to 1.67) 1045 1.49 (1.02 to 2.17) 1045

Multiple imputation2 1.36 (1.05 to 1.76) 1175 1.55 (1.09 to 2.20) 1175

Externalizinga

Complete cases 1.49 (1.13 to 1.97) 1045 1.25 (0.84 to 1.84) 1045

Multiple imputation2 1.58 (1.21 to 2.07) 1175 1.39 (0.97 to 2.00) 1175

Abbreviations: BP: spinal pain including at least low back, thoracic and neck pain; CBCL: Child 
Behaviour Checklist; n: number of participants; OR: Odds ratio.
aDistress at either 2, 5, 8 and 10 years of age; 1 Confounders included in the models were child sex, 
engaged in sports out of school, general health, body mass index and family factors including family 
income, maternal education and primary carer history of back pain; Significant results in bold (p ≤ 0.05); 
2multiple imputation of missing data (10 datasets).

T A B L E  2   Adjusted odds of 
developing adolescent spinal pain with 
impact at the age of 17 years due to 
psychological distress in childhood
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