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ABSTRACT

Background: Little is understood about the causes of adolescent-onset idiopathic scoliosis
(AIS). No prospective studies assessing the association between physical activity and
idiopathic adolescent scoliosis have been carried out. We aimed to carry out the first
prospective population-based study of this association.

Methods: The Avon Longitudinal Study of Parents and Children (ALSPAC) collected self-
reported measures of physical ability/activity at aged 18 months and 10 years. Objective
measures of physical activity were collected by accelerometry at aged 11 years. Scoliosis
was identified using the DXA Scoliosis Method at aged 15 years. Participants with scoliosis at
aged 10 years were excluded.

Results: Of 4640 participants at aged 15 years who had DXA scans, 267 (5.8%) had scoliosis.
At aged 18 months, those infants who were able to stand up without being supported were
66% less likely to have developed scoliosis by aged 15 (P=0.030) compared to infants who
could not. Those children whose mothers reported they did most vigorous physical activity
at aged 10 years were 53% less likely to develop scoliosis (P=0.027). Those children who did
more objectively measured moderate/vigorous physical activity at aged 11 were 30% less
likely to have developed scoliosis (P<0.001). Results were not affected by adjustment for
age, gender, lean mass, fat mass or back pain.

Conclusions: We report reduced physical ability and activity as early as aged 18 months in
those who go on to develop scoliosis by aged 15 years. Further research is justified to
examine the mechanisms underlying this association.

Key words
Scoliosis
ALSPAC

Cohort study
Physical activity
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Key messages

e We have carried out the first prospective population-based study of the association
between physical ability/activity and adolescent idiopathic scoliosis, where measures
of physical ability/activity were carried out before onset of clinically identifiable
scoliosis.

e Reduced physical ability and activity as early as aged 18 months was associated with
increased risk of scoliosis onset between aged 10 and 15 years.

e These findings suggest that lower physical activity is a novel risk factor for scoliosis
initiation, involving pathways which require further elucidation
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INTRODUCTION

Scoliosis is defined as lateral curvature of the spine 210°, as measured using the Cobb
method on a standing spinal radiograph(1). The most common form is adolescent onset
idiopathic scoliosis (AlS), defined as occurring between aged 10 years and skeletal
maturity(2). It is not always a benign structural abnormality, although the mortality rate for
individuals with AIS is comparable to that of the general population(3). Severe AIS may
result in early degenerative joint disease(4), cardiopulmonary compromise(5), negative body
image(6) and psychosocial disturbances(7). Even small spinal curves in adolescents that may
not have presented to spinal units are associated with an increased risk of future back pain
and time off school(8). Little is known about the aetiopathology of scoliosis because of lack
of prospective population-based studies, driven mainly by the problems with performing
spinal radiographs on these cohorts. However, understanding the causes of scoliosis is vital,
as it may lead to new, more effective means of evaluating risk of progression, which is

important for prevention and treatment including planning of surgery.

There is increasing interest in the relationships between physical activity and AlS. Previous
studies (9-21) have conflicting results: some suggest no association(9, 14); some that people
with scoliosis do more physical activity(11, 12); and others report people with scoliosis do
less physical activity(10, 13). The differing associations seen may reflect different
approaches to the methods of data collection for physical activity measures and scoliosis,
and the influence of failure to assess timing of physical activity measures and/or failure to

account for effect modifiers or confounders.
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Previous work by our group has shown that lower lean mass and lower fat mass at aged 10
years are independently associated with an increased risk of scoliosis onset by aged 15
years, based on measurement of spinal curvature on whole body DXA scans obtained in a
large population-based cohort(22). It is well recognised that physical activity and exercise
influence body composition, suggesting this may mediate any association between physical
activity and the onset of scoliosis. Additionally, previous work by our group has identified
that small spinal curves that have not presented to secondary care are nonetheless
associated with back pain(8), suggesting any association between physical activity and

scoliosis might be confounded by back pain.

No previous studies have used a prospective design to look at the association between
physical activity and the onset of scoliosis and it is therefore unknown whether any
observed association between physical activity and scoliosis reflects the fact that physical
activity is a risk factor for development and/or progression of spinal curvature, or is itself

impacted upon by the scoliosis.

We aimed to carry out the first prospective population-based study of the association
between physical activity and the onset of scoliosis based on measurement of spinal
curvature on whole body DXA scans. Physical activity was assessed at multiple time-points,
using a combination of questionnaires and objective measurement with accelerometers. To
identify potential causal pathways and confounders, we aimed to examine possibly

modifying effects of lean mass, fat mass and back pain.



Physical activity and scoliosis

MATERIALS AND METHODS

Study population

ALSPAC is a geographically based UK cohort that recruited pregnant women residing in Avon
(South-West England) with an expected date of delivery between April 1st 1991 and
December 31st 1992(23). A total of 14,541 pregnancies were enrolled with 14,062 children
born (see www.alspac.bris.ac.uk for more information). Please note that the study website
contains details of all the data that is available through a fully searchable data dictionary

http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/. Ethical approval for

the study was obtained from the ALSPAC Ethics and Law Committee. Parental consent and
child's assent was obtained for all measurements made. Figure 1 is a flow diagram

illustrating conduct of the study.

Figure 1 here

Measurement of physical activity before onset of clinically identifiable scoliosis

Self-report data: Data on physical ability/activity were collected by questionnaire at aged 18
months and 10 years of age, all completed by the mother. At 18 months, mothers were
asked questions based on the Denver Developmental Screening Test(24), namely whether
their child could perform a range of motor activities including standing up without being
supported or walking backwards for five steps. As previously described(25), at aged 10
years, a question was asked about the average number of times the child had participated in
vigorous physical activity over the last month. Vigorous physical activity was defined as

activities such as running, dance, gymnastics, netball, swimming, aerobics, or similar.
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Objective data: At aged 11 years physical activity was measured objectively using an
actigraph (model WAM 7164; MTI), for up to seven days. For the purposes of this study
actigraph output was categorised as the daily number of minutes of moderate/vigorous
activity, light activity or sedentariness. This categorisation has previously been described in
detail(26) and is based on count frequencies identified during a calibration study in a

subgroup of 260 children.

Measurement of scoliosis

Whole body supine DXA scans were collected at aged 10 and 15 years. The original purpose
was to measure bone mass and body composition. We have recently developed a method of
measuring scoliosis from DXA images(27), allowing curve identification on entire
populations without exposure to high levels of ionising radiation and to address the
unacceptable number of false-negative findings with the standard clinical assessment (the
Adam’s forward bending test)(28). As previously described(27), all total body DXA scans
from the aged 15 Research Clinic were triaged into ‘straight’, ‘possible positioning error’ and
‘likely scoliosis’. After validation tests, possible positioning errors were included with the
straight scans. Scans triaged as likely scoliosis had angle size measured using a modified-
Ferguson method. 95% of intra-observer repeat measures were within 5°, similar to the
results of the gold standard Cobb method, which is applied to erect radiographs(29). As
previously described where we have compared measurements from erect radiographs and
supine DXA scans on the same individuals, the presence of scoliosis using our method was
defined as a curve size 26°, comparable with 10° in an erect radiograph. Our method
produces an approximate 30% reduction due to supine position, with an additional 10%

from use of the modified-Ferguson. This suggests that a cut-off of 6° (40% reduction of the
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standard cut-off of 10°) is appropriate. Participants with scoliosis identified from DXA scans
at aged 10 years (n=17) were excluded from the analysis as they do not meet the definition

of AlS.

Other measures

Ethnic group was recorded by the mother on self-reported questionnaires and was
categorised as white or non-white. Gender was obtained from birth notifications. Mothers
highest educational qualifications were also assessed and used as a measure of
socioeconomic status. Other measures of socioeconomic status such as paternal education,
maternal and paternal social class, family income and housing tenure were not used in this
analysis because they gave similar results to maternal education alone, as shown in previous
studies on this cohort(25, 30). Puberty was assessed by self-completion questionnaires at 10
years of age using diagrams based on Tanner staging of pubic hair distribution for boys and
girls and breast development for girls(31). Total body less head (TBLH) fat and lean mass
were measured using a Lunar Prodigy DXA scanner at aged 10 and 15 years. Pain was

assessed at aged 18 years by self-completion of a pain manikin.

Statistical analyses

All statistical analyses were performed using Stata 14.2. The outcome measure was a binary
variable of presence or absence of scoliosis. Odds of exposure to the early life physical
activity variables in those with and without scoliosis were calculated. Logistic regression was
used to calculate odds ratios (OR) and 95% confidence intervals (Cl) to describe the
association between physical activity and scoliosis. The OR Test for Trend was calculated by

treating the categorical variables as continuous in the regression models i.e. the categories
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were assumed to be ordered and for purposes of the Test for Trend calculation continuous.
To test for gender interactions as an a-priori planned analysis, the likelihood ratio test was
used. To look for independent determinants of scoliosis, all relevant variables were included
in a multivariable regression model based on previous published analyses (see first
paragraph of results). Further analyses were performed using the aged 10 self-reported
physical activity data with three categories to look for evidence of a dose response between
amount of physical activity and risk of developing scoliosis; and between amount of physical
activity and size of the spinal curvature. All analyses were rerun after adjusting for back
pain, and after excluding those who were told that their Adams forward bending test was
not normal (Angle of Trunk inclination 27 degrees, n=20), as these participants may have

been aware that they had scoliosis and this could have introduced bias.
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RESULTS

General description of the cohort

At aged 15 years data on scoliosis were available on 4640 participants who had DXA scans:
267 (5.8%) with new onset of scoliosis since aged 10, and 4373 without. As previously
described, those with scoliosis were more likely to be female(27), and to have lower total
body lean mass and fat mass(22) compared to those without scoliosis (results not shown).
Also as previously described, there was no association between ethnicity, socio-economic

status or pubertal stage and presence of scoliosis(22) (results not shown).

Association between self-reported physical ability at aged 18 months and scoliosis
initiation by aged 15 years

Full data on self-reported physical ability at 18 months were available on 4151 participants.
Those infants who were able to stand up without being supported were 66% less likely to
have developed scoliosis by aged 15, even after adjustment for age, gender, lean mass and
fat mass, compared to infants who were unable to stand up without being supported (see
Table 1). Similarly, those infants who were able to take at least five steps unaided were 57%
less likely to have developed scoliosis by aged 15, even after adjustment. The same direction
of association was seen between other variables measured at 18 months and the presence
of scoliosis at 15, with the exception of the ability to walk backwards five steps. Results
were not changed when analyses were adjusted for lean mass and fat mass separately

(results not shown).

Association between self-reported physical activity at aged 10 years and scoliosis

initiation by aged 15 years

10
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Full data on self-reported physical activity at aged 10 years were available on 2854
participants. Those children who did more episodes of vigorous physical activity per week
were less likely to have developed scoliosis by aged 15, compared to those who did less,
even after adjustment for age, gender, lean mass and fat mass (see Table 1). For example,
after full adjustment, those children who did 4 or more episodes of vigorous physical activity
per week were 53% less likely to have developed scoliosis by aged 15 years. Results were
not changed when analyses were adjusted for lean mass and fat mass separately (results
not shown). There was evidence of a dose response (Test for Trend P=0.004 after
adjustment for age, gender, lean and fat mass): 4.1% of those doing four or more episodes
of vigorous activity per week had scoliosis at aged 15; 6.5% of those doing one to three
episodes; and 7.9% of those doing less than one episode of vigorous physical activity per
week had scoliosis at aged 15. Furthermore, the mean spinal curve size in those who
reported doing four or more episodes of vigorous activity per week was 10.3° compared to
11.4° in those doing one to three episodes; and 12.6° in those doing less than one episode

of vigorous physical activity per week (P=0.07 after adjustment for age).

Table 1 here

Association between objective physical activity variables at aged 11 years and scoliosis
initiation by aged 15 years

Full data on objectively measured physical activity at aged 11 by accelerometry were
available on 3861 participants. Those children who were more sedentary were 18% more
likely to have developed scoliosis by aged 15 (see Table 2). However, after adjustment for

age and light and moderate/vigorous physical activity no association was seen. No

11
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association was seen between light activity and scoliosis. However, those children who did
more moderate/vigorous physical activity were 30% less likely to have developed scoliosis
by aged 15. Adjustment for age, light activity and sedentariness slightly reduced the
strength of association. Further adjustment for fat and lean mass did not change the
association, with a 23% reduced risk of developing scoliosis by aged 15 per SD increase in
adjusted moderate/vigorous activity. Results were not changed when analyses were
adjusted for lean mass and fat mass separately. There was evidence of a dose response
relationship with higher quartile of moderate/vigorous physical activity associated with

lower risk of scoliosis (see Figure 2).

Table 2 here

Results were unchanged after adjusting for self-reported back pain at aged 18 years. Results

were also unchanged after excluding those participants who may have been aware that they

had scoliosis (results not shown). No evidence of a gender interaction for any associations

analysed was seen.

Figure 2 here

12
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DISCUSSION

We present the results of the first prospective study of the association between physical
activity in childhood and subsequent onset of scoliosis in adolescence, based on analysis of
spinal curvature on whole body DXA scans. Importantly, we identify an inverse association
between physical ability at aged 18 months and risk of onset of scoliosis between aged 10
and 15 years. Similar associations were seen for both lower self-reported physical activity at
aged 10 years, and lower objectively measured physical activity at aged 11 years. Taken
together, these findings suggest that reduced physical function in early life is a novel risk
factor for scoliosis initiation, perhaps because the scoliosis deformity occurs as a result of
reduced loading. Alternatively, the lower physical activity identified is an early manifestation

of the same underlying abnormality that eventually results in AlS.

Our results agree with previous case-control studies(10, 13), but we extend their findings by
presenting the first prospective data that shows a reduction in physical ability present well
before identification of spinal curvature. An explanation for the association we found is that
some adolescents with scoliosis may have a mild generalised neurological co-ordination
and/or development dysfunction that manifests itself as early as aged 18 months. However,
as only a small proportion of those with scoliosis in our study had reduced physical ability at
aged 18 months, this is clearly not the only risk factor for spinal curvature. Nonetheless, this
suggestion is supported by many of the rare genetic disorders characterised by severe and
often early onset scoliosis also involving neuro-developmental delay and other neurological
abnormalities such as Angelman Syndrome(32). Furthermore, we have previously identified
low circulating leptin in adolescents with scoliosis(22), and leptin is linked to central nervous

system development in mice(33). It has been postulated that low leptin may initiate

13
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asynchronous neuro-osseous growth(34), a concept suggested for pathogenesis of AlS, and
our results may provide further supporting evidence of the central role of neurological

development in scoliosis initiation.

An alternative explanation for the association between low physical activity and increased
risk of scoliosis is reduced muscle function. We have previously shown low lean mass is a
risk factor for scoliosis initiation(22), and multiple case-control studies of adolescents and
young adults have identified reduced limb muscle function in those with scoliosis(18, 20,
21), as well as reduced respiratory muscle function(15-20). Suggestions for the cause of this
generalised muscle dysfunction have included reduced exercise tolerance due to
deconditioning and lack of fitness because of a choice to do less physical activity.
Conversely, our results may suggest that the generalised muscle dysfunction is part of the
early manifestation of the underlying cause that results in scoliosis, or may be the primary
underlying abnormality. However, the association between reduced physical activity and
increased risk of scoliosis we identified were unaffected by adjustment for lean mass,

perhaps suggesting that it is the underlying neurological abnormality that is important.

The reduced physical activity seen in people with scoliosis in previous case-control
studies(10, 13) may be related to back pain, as suggested by some improvements in function
with reduction in back pain(35). However, the associations we found between reduced
physical ability or physical activity and scoliosis were unaffected by adjustment for back
pain. This may reflect the fact that these associations are not related to back pain, or, it may
be that our single measure of self-reported back pain at aged 18 years was insufficient to

fully explore the role of back pain.

14
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Our results do not agree with the results of a previous studies that either showed no
association between physical activity and scoliosis (9, 14) or higher levels of gymnastics in
those with scoliosis(11, 12). For the studies that showed no association, the most likely
explanations include the method of collecting self-reported physical activity information,
and subject selection. Findings from the two studies that reported more girls with scoliosis
did gymnastics than girls without scoliosis may be explained by selection bias arising from

their case-control study design.

There are limitations to our study, particularly loss to follow-up of the original cohort. There
has been a preferential dropout of children from families of lower socioeconomic status
(results not shown) and this may have biased the results and affected generalisability. Our
DXA-based method of identification of people with scoliosis is somewhat imprecise(27), but
this will have biased our results toward the null rather than producing spurious results.
Additionally, this method may be difficult to accept by scoliosis clinicians who have used
erect Cobb angle measures to assess scoliosis. The number of participants with scoliosis in
our study is also a limitation because it is fairly low. There is the possibility that those with
scoliosis may be less likely to undergo a DXA through embarrassment, although it is likely
most children did not know they had a mild scoliosis. However, the disadvantage of low
numbers is outweighed by the major advantages of a population-based cohort study design
that provides stronger, less biased evidence than case-control studies. Other strengths
include the use of accelerometers to provide objective measurements of physical activity, as
well as exclusion of those with scoliosis at aged 10 years so that our analyses can focus on

scoliosis initiation and potential causal pathways. Finally, in common with all observational

15
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studies, our results may be explained by confounding or chance.

In conclusion, we report reduced physical ability and activity, both by self-report and
through objective measurement, as early as aged 18 months in those who go on to develop
scoliosis by aged 15 years. Further research is justified to examine the mechanisms

underlying this association.

16



Physical activity and scoliosis

Table 1: The association between self-reported physical ability/activity variables in earlier life and onset of scoliosis by aged 15 years.

No scoliosis | Scoliosis at P value for OR for onset of scoliosis OR for onset of scoliosis OR for onset of scoliosis
at aged 15 aged 15 difference Unadjusted Adjusted for age and gender Adjusted for age, gender, lean
Physical ability/activity variables and fat mass
Reported by mothers at aged 18 months N (%) N (%)
n=4151 n=3919 n=232 P value OR (95%Cl), P value OR (95%Cl), P value OR (95%Cl), P value
Stands up without being supported P=0.041
No or only just started 33 (86.8) 5(13.2) 1.0 1.0 1.0
Yes | 3886 (94.5) | 227 (5.5) 0.39 (0.15-0.99), P=0.049 0.37 (0.14-0.96), P=0.042 0.34 (0.13-0.90), P=0.030
From standing can bend down and then P=0.257
stand
No or only just started 63 (91.3) 6(8.7) 1.0 1.0 1.0
Yes | 3856 (94.5) | 226 (5.5) 0.62 (0.26-1.44), P=0.262 0.59 (0.25-1.38), P=0.221 0.60 (0.25-1.42), P=0.245
Stands alone for 1 min without holding
on P=0.074
No or only just started 59 (89.4) 7 (10.6) 1.0 1.0 1.0
Yes | 3860 (94.5) | 225(5.5) 0.49 (0.22-1.09), P=0.080 0.49 (0.22-1.10), P=0.082 0.49 (0.22-1.10), P=0.083
Walks while holding someone’s hand P=0.185
No or only just started 23 (88.5) 3(11.5) 1.0 1.0 1.0
Yes | 3896 (94.5) | 229 (5.6) 0.45 (0.13-1.51), P=0.197 0.41 (0.12-1.42), P=0.161 0.39(0.11-1.33), P=0.132
Can take 5+ steps unaided P=0.023
No or only just started 59 (88.1) 8(11.9) 1.0 1.0 1.0
Yes | 3860 (94.5) | 224 (5.5) 0.43 (0.20-0.91), P=0.027 0.43 (0.20-0.93), P=0.031 0.43 (0.20-0.92), P=0.030
Can walk backwards 5 steps P=0.635
No or only just started | 794 (94.1) 50 (5.9) 1.0 1.0 1.0
Yes | 3125 (94.5) | 182 (5.5) 0.93 (0.67-1.28), P=0.635 0.96 (0.70-1.33), P=0.808 0.99 (0.71-1.36), P=0.925
Reported by mothers at aged 10 years N (%) N (%)
n=2854 n=2697 n=157 P value OR (95%Cl), P value OR (95%Cl), P value OR (95%Cl), P value
Episodes of vigorous activity per week P=0.012
Less than once | 139(92.1) 12 (7.9) 1.0 1.0 1.0
1-3 times | 1347 (93.5) 93 (6.5) 0.80 (0.43-1.50), P=0.484 0.74 (0.40-1.40), P=0.355 0.74 (0.39-1.40), P=0.351
4+ times | 1211 (95.9) 52 (4.1) 0.50 (0.26-0.95), P=0.036 0.51 (0.26-0.98), P=0.043 0.47 (0.24-0.92), P=0.027

Test for Trend 0.67 (0.51-0.87), P=0.003

Test for Trend 0.70 (0.53-0.92), P=0.011

Test for Trend 0.67 (0.51-0.88), P=0.004

17
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Table 2 Association between objectively measured physical activity at aged 11 and onset of scoliosis by aged 15 years. ORs are per SD increase in
physical activity variable.

No scoliosis | Scoliosis at | P value for OR for onset of scoliosis OR for onset of scoliosis OR for onset of scoliosis
ataged 15 | aged 15 difference Unadjusted Adjusted for other Adjusted for other activity,
Physical activity variables N=3637 N=224 activity, age and gender | age, gender, fat and lean mass
N=3861 Mean (SD) | Mean (SD)
Daily number of minutes of | 429 (66) 440 (67) P=0.016 1.18 (1.03-1.36), P=0.016 | 1.10(0.90-1.34), P=0.345 | 1.13 (0.92-1.37), P=0.924
sedentariness
Daily number of minutes of | 327 (58) 320 (56) P=0.086 0.89 (0.77-1.02), P=0.087 | 1.04 (0.86-1.26), P=0.717 | 1.06 (0.87-1.28), P=0.575
light activity
Daily number of minutes of | 23 (15) 19 (12) P<0.001 0.69 (0.59-0.82), P<0.001 | 0.82 (0.68-0.98), P=0.028 | 0.77 (0.64-0.92), P=0.005

moderate/vigorous activity

18
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FIGURE LEGENDS
Figure 1: Flow diagram to show conduct of the study.

Figure 2: Odds ratio for presence of scoliosis at aged 15 years according to quartile of objective
moderate/vigorous physical activity measured by accelerometer at aged 11 years. P value is the Test
for Trend. The heavy black line indicates the null value for presence of scoliosis: above this line
indicates increased odds of scoliosis and below indicates reduced odds of scoliosis. Participants with
scoliosis at aged 10 have been excluded.
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