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Are children with obesity at school
entry more likely to have a diagnosis of
a musculoskeletal condition? Findings
from a systematic review

Nicola Firman

ABSTRACT

Background Children with obesity at school entry are at
increased risk of persistent obesity throughout childhood
and adulthood. Little is known about associations with
adverse health outcomes with onset during childhood
including those affecting the musculoskeletal system.

We examined the association between obesity present at
school entry and adverse musculoskeletal diagnoses with
onset during childhood.

Methods We searched three electronic databases to
identify longitudinal studies published in English between
January 2000 and June 2022 assessing associations
between obesity measured at school entry (around age
5years) and musculoskeletal diagnoses made before age
20 years. Two reviewers screened titles, abstracts and
full-text using EPPI-Reviewer software. Bias and quality
of eligible studies were appraised using The Quality
Assessment tool for Observational Cohort and Cross-
sectional studies and findings synthesised.

Results We identified four eligible studies from 291
unique records, three conducted in Spain and one in
Scotland. These studies reported on 1232895 children
(available data: 51.4% boys; none reported ethnic
distribution) with study sample sizes ranging from
<2000to0 600000 and length of follow-up from 2 to 13
years. Quantitative synthesis of findings across these four
studies was not possible due to differences in outcomes
and effect sizes reported. Children with obesity at school
entry were more likely to receive diagnoses of slipped
capital femoral epiphysis, back pain, fractures and
musculoskeletal complaints made in primary care settings.
Included studies were assessed as of ‘fair’ to ‘good’
quality.

Conclusion There is good to fair evidence to suggest
children with obesity at school entry are more likely to
receive a diagnosis of a musculoskeletal condition during
childhood. Further research is needed to replicate these
findings in ethnically diverse populations and to investigate
whether these are causal associations. The implications
of this for children’s mobility and quality of life and future
musculoskeletal health warrants further assessment.

INTRODUCTION

Children with obesity are likely to remain
obese in adulthood." This is of concern, given
associations between obesity and a range of

, Marta Wilk, Gill Harper, Carol Dezateux

WHAT IS KNOWN ABOUT THE SUBJECT?

= School entry obesity is a marker for persistent obe-
sity in later childhood and adulthood. This is a con-
cern given associations between obesity and adult
morbidities.

= Previous cross-sectional research suggests that
there is an association between obesity and pain
and injuries during childhood, although study quality
was deemed moderate to low.

= Childhood obesity is associated overall with in-
creased healthcare utilisation, but less is known
about associations with specific health outcomes
including clinically diagnosed musculoskeletal
conditions.

WHAT THIS STUDY ADDS?

= This systematic review of longitudinal evidence fur-
thers our understanding of the temporal relationship
between obesity and important musculoskeletal di-
agnoses occurring during childhood.

= Three studies report a dose response relationship
between weight status at school entry and slipped
capital femoral epiphysis, fractures and back pain
in later childhood.

= This review highlights that little is known about the
association between school entry obesity and mus-
culoskeletal diagnoses with onset during childhood,
particularly by ethnic background.

adult long-term conditions, including cardi-
ovascular diseases, diabetes, musculoskel-
etal disorders and cancers."’While there is
evidence of increased healthcare utilisation
by children with obesity,’ there have been
few reports of longitudinal associations with
specific clinically diagnosed health outcomes
with onset during childhood.

Two systematic reviews have previously
identified associations between childhood
obesity and musculoskeletal outcomes: pain,
injuries and fracture’ and pes planus (flat
foot) and other foot deformities (table 1).
These reviews included literature published
more than 9years ago, included mostly
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Characteristics of existing systematic reviews

Table 1
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assessment.

Outcome reported
during childhood.

Only cross-sectional.

Pes planus and

Cross-sectional Overweight or obesity

13

835 350 children

3 to 18-year

olds

2015

Stolzman®

between ages 3 and 18 other foot structure Literature published up

to 2013.

deformities

years

No quality/bias
assessment.

Outcome reported
during childhood.

cross-sectional evidence and did not specifically focus on
obesity at school entry.

Therefore, there is considerable scope for updating
these reviews to include more recently published liter-
ature. To date, the lack of longitudinal evidence has
left the temporal relationship between exposure and
outcome difficult to ascertain. Furthermore, existing
reviews have not consistently conducted quality assess-
ments, and those that have often report their findings are
based on poor or moderate quality evidence. Given the
limited evidence, there is scope for undertaking a system-
atic review to better understand the relationship between
obesity and adverse childhood musculoskeletal health.

This review focuses on outcomes for children with
obesity at school entry (approximately age 5years) as it
has been shown that obesity at this age is a marker for
persistent obesity during later childhood, adolescence’
and adulthood."” In England 14.9% of children start
primary school with obesity, although this proportion
is higher among children from some Black and South
Asian ethnic backgrounds.'" Given the increased risks of
adverse health outcomes associated with obesity among
children from these ethnic backgrounds,'*® it is partic-
ularly important to explore important clinical diagnoses
associated with obesity measured at school entry, to
improve our understanding of the impact of obesity at a
young age and allow ample time to intervene and prevent
later adverse health diagnoses.

The objective of this systematic review is to assess
whether there is an increased risk of diagnosed adverse
musculoskeletal health outcomes among children with
obesity at school entry. Specifically, the review will address
the following research question: are adverse musculoskel-
etal diagnoses in childhood statistically associated with
childhood obesity identified at school entry?

METHODS

This review was registered prospectively'” and conducted
and reported in accordance with PRISMA guidelines.'®
In June 2022, an electronic search was conducted in
three databases: PubMed, EMBASE and Web of Science.
Articles published between January 2000 and June 2022
and published in English were included.

An adapted population, intervention, comparison,
outcome (PICO) framework was used to guide the search
strategy (table 2). The search strategy addressed the PICO
components and study eligibility criteria using text-word
searching of titles and abstracts and subject headings. Of
note was the exclusion of studies catalogued under the
‘Adult’ subject heading. Search strategies are shown in
online supplementary material.

EPPI-Reviewer software'® was used to manage litera-
ture and decision-making. Duplicate records were iden-
tified using EPPI-Reviewer’s automated algorithm and
a similarity threshold of 0.95 to automatically assign
records as duplicates.”” The remaining suspected dupli-
cate records were reviewed manually. Titles and abstracts
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Table 2 Search strategy

PICO Description

Population Children aged five to 19 years (inclusive)

Intervention Children with obesity measured at

(exposure) school entry (approximately age 5years)

Comparator Children with a healthy weight at school
entry (approximately age 5years)

Outcome Any self-reported, parent-reported,

objectively measured or clinical
diagnosis of an adverse musculoskeletal
health outcome between the ages of 5
and 20 years, found to be statistically
associated with the exposure.

of studies retrieved from running the search strategy,
from searching the reference lists of eligible studies, and
included in systematic reviews identified in the search
strategy, were screened independently against the exclu-
sion criteria by two reviewers (NF and MW) (Box 1).

MW screened titles and abstracts of a random 10%
sample of search results. Full-text review was conducted
by NF and MW reviewed a random 33% sample of results
against the same exclusion criteria. Any conflicting deci-
sions at either screening stage were resolved through
discussion. Interrater concordance on eligibility was
assessed using the unweighted Cohen’s kappa statistic
and associated 95% CI (ranges between 0 and 1, with
higher values indicating higher observed agreement of
raters than that expected by chance) ZINF extracted data
using a custom template, extracting: full citation, setting,
sample size, age-range, definition of obesity, outcome
measures and results. MW independently reviewed the
data extraction table.

The Quality Assessment tool for Observational Cohort
and Cross-sectional studies by the National Heart, Lung
and Blood Institute was used to conduct a quality and risk
of bias assessment.”? This tool was used because it is specif-
ically designed to aid the appraisal of internal validity of
cross-sectional, cohort/longitudinal and case—control
studies, as opposed to trials. This tool rates study quality
along 14 criteria, with three possible outcomes for
each question: ‘Yes’, ‘No’ and ‘Cannot determine/Not
reported/Not applicable’. Each study was rated ‘Good’,

Box 1 Eligibility criteria

Exclusion criteria

= Not published in English.

= Not a research article.

= Published before 2000.

= Exposure is not obesity at measured at school entry (approximately
age 5years).

= Outcome is not before age 20 years.

= Qutcome is not a musculoskeletal diagnosis.

= Study is not longitudinal.

= Study is not quantitative.

‘Fair’ or ‘Poor’ based on the number of criteria assigned
a ‘Yes’ outcome, where a ‘Good’ study (with 10 or more
‘Yes’ responses) was considered to have the least risk of
bias, ‘Fair’ (with 7-9 ‘Yes’ responses) was susceptible to
some bias, and ‘Poor’ indicated a high risk of bias (fewer
than seven ‘Yes’ responses).

Due to the range of clinical diagnoses and measures of
effect reported, a decision was made to summarise the
findings of the included studies narratively. A narrative
synthesis was developed to explain the impact of weight
status on all the reported clinical diagnoses, identifying
similarities and differences in results, and commenting
on comparability of study samples, definitions of
measurements and methods used. Where possible, effect
estimates will be presented in graphical form. Where
data were presented, differences in the presence of
adverse diagnoses by sociodemographic characteristics
were explored.

RESULTS
Study selection
After title and abstract screening, 24 of 291 non-duplicate
records remained (figure 1). On screening full-texts, 22
records were excluded (see online supplementary mate-
rial). The most common reason for exclusion was that
the exposure was not obesity measured at school entry.
No further eligible references were identified from
searching the bibliographies of included studies, or
included in systematic reviews identified via the search
strategy. Overall, four eligible records were included in
this review,”* including two studies not identified by
the search strategy.” *°

MW screened 30 records at the title and abstract
screening stage. The inter-rater Cohen’s kappa statistic
for inclusion eligibility was 0.33 (95% CI: —0.15 to 0.81).
MW screened eight records at the full-text screening
stage.

Study characteristics and quality and risk of bias assessment
Three studies were conducted in Spain,***® and one in
Scotland® (table 3). One study analysed data collected
as part of an established cohort study,** while the others
made use of routinely collected health records. A total of
1232895 children were included in the four studies, with
sample sizes ranging from 1844 children®* to almost 600
000,” and follow-up from 2** to 18years.” Of the studies
reporting their study sample sex distribution, 51.4%
of the sample were male. None of the included studies
report the ethnic background of their respective study
samples.

Three studies defined obesity based on BMI SD score
(SDS),*** one of which used the WHO age-specific and
sex-specific growth standards to define obesity as BMI
zscore >2SDS,** while two employed a higher threshold
of >3SDS.**° The remaining study defined obesity using
age-specific and sex-specific BMI criteria recognised by
both the UK 1990 (UK90) and the Centers for Disease
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Records identified from:
c
o PubMed (n = 187)
E Records removed before screening:
& EMBASE {n = 137) R
t Duplicate records removed (n = 235)
= Web of Science (n = 202)
Totaln =526
Records screened on title and abstract Records excluded
EEE—
(n=291) (n=267)
Reports sought for retrieval/full-text review Records not retrieved
I‘éﬂ E—
£ (n=24) (n=0)
o
: '
(¥
vy
Reports assessed for eligibility Records excluded:
E—
(n=24) Exposure not obesity at age five years (n =19)
Outcome is not a musculoskeletal diagnosis (n = 1)
Study is not longitudinal [ = 2)
¥
Studies included in review, identified through
the search strategy
T (n=2)
-
: '
o
£ Additional eligible studies not identified via the
Studies included in review search strategy
‘—
(n=4) (n=2)
Figure 1 - Study selection

Control and Prevention, defining obesity as BMI greater
than or equal to the 95th percentile,” and also strati-
fied obesity into mild/moderate (=95th—<99th percen-
tile) and severe (=99th percentile). One study included
two other obesity indicators: waist-to-height ratio >90th
percentile and waist circumference >90th percentile.**

Four different outcomes were reported: slipped capital
femoral epiphysis (SCFE; a disease of the growth plate,
whereby the femoral head of the thighbone slips through
the physis),” back pain,” fractures® and GP consulta-
tions for musculoskeletal complaints.** The outcomes
were presented as incidence rate ratios (IRR)® ?* and
HR.2 26

Two studies were rated ‘good’® *® and one as ‘fair
in the quality assessment tool (table 4). All but one study®
clearly defined the study population such that the study

523 24

could be replicated. The participation rate could not be
determined in one study,” and rate of loss to follow-up
could not be determined in two.** *°All studies adjusted
for potential confounding variables.

Obesity and slipped capital femoral epiphysis

Perry found that, compared with children with a healthy
weight, the IRR for SCFE was 5.9 (95% CI: 3.9 to 9.0)
among children with severe obesity and 3.8 (95% CI: 2.6
to 5.8) among those with mild/moderate obesity at age
Hyears (figure 2).

Obesity and back pain

Palmer reported that the cumulative incidence of
any back pain was higher among children with obesity
(11.83%; 95% CI: 9.43 to 14.24) compared with children
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with a healthy weight (8.78%; 95%CI: 8.4 5 to 9.12;
figure 2). In multivariable analyses, the HR was 1.34 (95%
CI: 1.19 to 1.51) among children with obesity compared
with children with a healthy weight.

Obesity and fracture

Lane found that the cumulative incidence of fracture was
higher among children with obesity (13.05%; 95% CI:
10.69 to 15.41) compared with children with a healthy
weight (10.06%; 95% CL: 9.82 to 10.29; figure 2). In
multivariable analyses, the HR was 1.23 (95% CI: 1.13 to
1.34) among children with obesity compared with chil-
dren with a healthy weight.

Adjusted HR for fractures: 1.1 (1.1, 1.2)
among children with overweight and 1.2

1.4) for those with obesity compared
(1.1, 1.3) among children with obesity
compared with normal weight children

Univariable HR for fractures: 1.1 (1.1,1 .2)
with normal weight

weight status: 10.1% (9.8, 10.3) normal
socioeconomic status, nationality for children with overweight and 1.3 (1.2,

Cumulative incidence for fracture by

18.1% (10.7, 15.4) obese

Obesity and musculoskeletal consultations

Ortiz-Pinto reported that children with abdominal obesity
based on waist-to-height ratio had an increased incidence
of musculoskeletal problems (IRR: 1.27; 95% CI: 1.00 to
1.62), compared with children with no abdominal obesity
(figure 2), but found no association when using waist
circumference alone (IRR: 1.09; 95% CI: 0.81 to 1.46).
The incidence of musculoskeletal problems was higher
in children with overweight (IRR: 1.10; 95% CI: 0.90 to
1.35) or obesity (IRR: 1.28; 95% CI: 0.91 to 1.78) relative
to those with no excess weight as assessed by BMI.

Diseases-10 codes in primary care weight, 11.3% (10.2, 12.4) overweight,

Interntional Classification of
Covariates included in the

Fractures recorded using
adjusted model: sex, age,

DISCUSSION

Key findings

This systematic review identified four eligible studies out
of 291 retrieved studies. These studies have provided
evidence in support of an association between obesity
identified in children at school entry and adverse muscu-
loskeletal diagnoses. The evidence was of fair or good
quality.

The small number of studies meeting the eligibility
criteria investigated four outcomes: SCFE, back pain,
fractures and musculoskeletal complaints in general.
While other outcomes may be of interest, for example
pes planus or genu valgum, no studies reporting these
outcomes were identified. All studies were longitudinal,
strengthening the evidence that obesity may be on the
causal pathway to these adverse diagnoses.

This temporal relationship, combined with the magni-
tude of the effect sizes reported and the dose response
relationship noted in three out of four of the included
studies, contribute to a body of evidence in support of a
association between obesity measured at school entry and
later adverse musculoskeletal outcomes.

All studies adjusted for confounding variables in their
analyses, such as age, sex and SES, but none reported
ethnic background.

BMI standardised to WHO

2007 guidance
Underweight <2 SDs,

normal weight -2 to +2,
overweight >+2 and

Age 4 to 15 years, Age-specific and sex-specific
obesity >+3

or censor date

of area, death
(2016)

migration out

Spanish, 11.0% other

(51.4% male; 89.0%
nationality)

Narrative synthesis

The finding of an increased likelihood of adverse
musculoskeletal diagnoses among children with obesity
support the results of Paulis and coauthors’ review of
musculoskeletal complaints which concluded, based

BMI, body mass index; IRR, incidence rate ratios; SCFE, slipped capital femoral epiphysis.

Catalonia, Spain 466 997 children

Table 3 Continued
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Table 4 Risk of bias/quality assessment

Criteria (yes, no, cannot determine (CD), not Perry*® Ortiz-Pinto®* Palmer® Lane®®

applicable (NA)

1.1. Was the research question or objective in this Yes Yes Yes Yes

paper clearly stated?

2.2. Was the study population clearly specified and No Yes Yes Yes

defined?

3.3. Was the participation rate of eligible persons at ~ Yes Yes CD Yes

least 50%7?

4.4. Were all the subjects selected or recruited from Yes Yes Yes Yes

the same or similar populations (including the same

time period)? Were inclusion and exclusion criteria for

being in the study prespecified and applied uniformly

to all participants?

5.5. Was a sample size justification, power No No No No

description, or variance and effect estimates

provided?

6.6. For the analyses in this paper, were the Yes Yes Yes Yes

exposure(s) of interest measured prior to the

outcome(s) being measured?

7.7. Was the timeframe sufficient so that one could Yes No Yes Yes

reasonably expect to see an association between

exposure and outcome if it existed?

8.8. For exposures that can vary in amount or level, Yes Yes Yes Yes

did the study examine different levels of the exposure

as related to the outcome (eg, categories of exposure,

or exposure measured as continuous variable)?

9.9. Were the exposure measures (independent No Yes Yes Yes

variables) clearly defined, valid, reliable and

implemented consistently across all study

participants?

10.10. Was the exposure(s) assessed more than once No No No No

over time?

11.11. Were the outcome measures (dependent Yes No Yes Yes

variables) clearly defined, valid, reliable and

implemented consistently across all study

participants?

12.12. Were the outcome assessors blinded to the NA NA NA NA

exposure status of participants?

13.13. Was loss to follow-up after baseline 20% or Yes CD Yes CD

less?

14.14. Were key potential confounding variables Yes Yes Yes Yes

measured and adjusted statistically for their impact on

the relationship between exposure(s) and outcome(s)?

NF rating (good, fair or poor) Good Fair Good Good

MW rating (good, fair or poor) Fair Good Good Good

Overall rating (good, fair or poor) Fair Fair Good Good

Additional comments (if poor, state why) BMI measurement Short follow-up Unable to Unable to
protocol lacked No codes specified determine determine loss
detail for identification of  participation rate to follow-up

BMI, body mass index; CD, cannot determine; NA, not applicable.

on 40 predominantly cross-sectional studies of low and
moderate quality, that overweight and obesity are asso-
ciated with lower back pain, injuries and fractures.” In

primary care events
Unable to determine
loss to follow-up

particular, Palmer et al's findings support these earlier
conclusions, although differences in the reported prev-
alence of back pain may result from Palmer’s use of

Firman N, et al. BMJ Paediatrics Open 2022;6:001528. doi:10.1136/bmjpo-2022-001528 7
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Less likely |  More likely R
Effect estimate
“«—| ——» (95% CI7)
Underweight (n=973) i 0.4(0.1,0.4)
Normal (ref.; n=586985) n
Overweight (n=5086) — 1.5(0.9,2.3)
Perry": IRR? for SCFE*
e i " 4,6,
(N=597017) Obese (all; n=3973) 4.6 (3.4,6.3)
Mild/moderate obesity (n=N/A) —— 3.8(2.6,5.8)
Severe obesity (n=N/A) ————5.9(3.9,9.0)
No excess weight (ref.; n=1453) n
Overweight (BMI z-score; n=315) — 1.1(0.9,1.4)
Obesity (BMI z-score; n=95) i 1.3(0.9,1.8)
Ortiz-Pinto®: IRR? for
musculoskeletal complaints No abdominal obesity (ref.; n=1732) | |
N=1884]
( ) Abdominal obesity (waist circumference; n=125) —t 1.1(0.8,1.5)
No abdominal obesity (ref.; n=1670) n
Abdominal obesity (waist-to-height ratio; n=187) i 1.3(1.0,1.6)
Underweight (n=540) L 0.8 (0.4,1.5)
Palmer>: HR® for back pain Normal range (ref.; n=430681) ]
(N=466397) Overweight (n=26526) - 12(1.1,1.3)
Obese (n=9250) —— 1.3(1.2,1.5)
Normal range (ref.; n=430681) n
Lane®: HRS for fracture Overweight range (n=26526) HEH 1.1(1.1,1.2)
(N=466997)
Obese range (n=9250) il 1.2(1.1,1.3)
0.01 0.1 1 10

Incidence rate ratio/hazard ratio for adverse musculoskeletal outcome

Figure 2 -

Forrest plot of incident rate ratios and HRs (and 95% Cls) for adverse musculoskeletal outcome of interest, by

weight status. This graph uses weight status terms employed by the study authors.! Perry et al defined obesity using age-
specific and sex-specific body mass index criteria of the Centers for Disease Control and Prevention, defining obesity as BMI
greater than or equal to the 95th percentile, and further stratified obesity into mild/moderate (>95th—-<99th percentile) and
severe (99th percentile). Sample size in the mild/moderate and severe obesity groups were not reported.? Incident rate ratio.®
Slipped capital femoral epiphysis.4 Ortiz-Pinto et al defined obesity based on body mass index SD) score using WHO age-
specific and sex-specific growth standards to define obesity as body mass index z-score >2SD scores. Abdominal obesity

was defined as waist circumference >90th percentile and waist-to-height ratio >90th percentile, as recommended by the
International Diabetes Federation.® Palmer et al and Lane et al defined obesity based on body mass index SD score using WHO
age-specific and sex-specific growth standards to define obesity as body mass index z-score >3SD scores.® HR.” 95% Cl.

electronic health records which only considers those who
have received clinical diagnosis, rather than self-report/
parent-report in observational studies.

In contrast to findings from a longitudinal cohort of
children in the Netherlands,27 Ortiz-Pinto reports that
obesity is associated with greater demand for primary
care services. It is possible these conflicting findings
result from differences in the code specification used
to identify musculoskeletal complaints in primary care.
Other longitudinal evidence suggests a link between
musculoskeletal hospitalisations among children with
obesity in the preschool period,” however Ortiz-Pinto
does not present data on accident and emergency (A&E)
attendances. Inclusion of A&E data and stratification
by healthcare use, as they were able to do for primary
care, would have increased this study’s contribution to
our understanding of the relationship between school
entry obesity and musculoskeletal diagnoses, particularly

given that A&E may be the likely destination for children
suffering fractures.

While the included studies each contributed some-
what to understanding associations between sociodemo-
graphic factors (namely sex, SES and nationality) and
adverse musculoskeletal outcomes, none of the studies
stratified analyses or included interaction terms between
these sociodemographic factors and weight status to
enable more granular interpretation of associations
between obesity and adverse musculoskeletal diagnoses.
Of particular importance is the omission of ethnic back-
ground in all four of the studies, first in reporting the
ethnic distribution of their study samples, and second
in accounting for ethnic background in their analyses.
Given the longstanding associations between obesity
and ethnic background, as well as the increased likeli-
hood of some adverse health conditions among children
from particular ethnic backgrounds, exploring the risk
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of musculoskeletal diagnoses by weight status and ethnic
background would be very valuable.

STRENGTHS AND LIMITATIONS

Fewer than 2% of the search results were eligible against
the screening criteria. It was not possible to specify the
temporality of the relationship between exposure and
outcome in the search strategy, and consequently a large
proportion of studies were excluded because obesity was
the outcome of interest, as opposed to the exposure.

This limitation was addressed in the screening process,
to ensure only studies which investigated childhood
obesity at school entry as the exposure, with later diag-
nosis of a musculoskeletal condition as the outcome,
were included. Consequently, it is possible to comment
on the causality of the association between obesity at
school entry and musculoskeletal outcomes.

The quality of included studies was assessed using a
tool designed specifically to assess the presence of bias
in cross-sectional, cohort and case—control studies. While
not independently standardised, it has some features
specifically designed for cohort studies as included in this
systematic review.

The review included two studies identified via NF’s
routine weekly search of PubMed for literature relating
to childhood obesity and electronic health records.
These records were not identified via the search strategy.
Palmer’s study was not identified because it has ‘Adult’
as one of it’s MeSH terms. Records with this MeSH were
excluded from the search strategy to limit literature to
those exploring outcomes during childhood. Lane’s
study was not identified because it does not include the
musculoskeletal terms of the search strategy. The inclu-
sion of these studies has been recorded transparently.
Despite attempting to employ a maximally sensitive
search strategy, missing studies will always be a limitation
of systematic reviews.

INTERPRETATION AND IMPLICATIONS

The studies indicate an association between obesity and
SCFE, fractures and back pain, although few studies were
identified and the heterogeneity of studies precluded
pooled quantification of the risks of specific diagnoses.
These findings are supported by an assessment of either
‘Fair’ or ‘Good’ quality suggesting that they are either
susceptible to ‘some bias’ or considered to have the ‘least
risk of bias’, respectively.”* A particular strength of the
included studies is their longitudinal design, ensuring
that the exposure of interest was measured before the
outcome, strengthening our understanding of the causal
relationship between obesity and adverse musculoskel-
etal outcomes. Despite this, given the paucity of longitu-
dinal evidence identified in this review, the heterogeneity
in study design and outcomes reported and inability to
quantify risk, there is insufficient evidence to conclude

that there is an increased risk of adverse musculoskeletal
outcomes among children with obesity.

The relationship between obesity at school entry and
adverse musculoskeletal diagnoses during childhood is
important for two reasons. First, around one in six chil-
dren in England enter primary school with obesity,'" and
second, this review has highlighted the impact of obesity
on the developing musculoskeletal system at a time when
there is potential to intervene and reverse or mitigate
the effects of obesity. Perry et alfound a very high risk of
SCFE among children with severe obesity at age 11-12
years (OR: 17.0; 95% CI: 5.9 to 49.0) compared with chil-
dren with a healthy weight at this age.

This review adds to evidence about the adverse health
consequences of obesity at school entry and the impor-
tance of prevention of obesity and support for effective
weight management among children with severe obesity.
Many of these outcomes impact quality of life and, in the
case of SCFE, require surgical intervention with poten-
tial longer term adverse hip outcomes in adult life. Early
recognition of SCFE is critical because the disease has the
potential to progress if the condition remains untreated.*’

This review has identified several evidence gaps, in
particular how associations between obesity measured
at school entry and adverse musculoskeletal diagnoses
vary by ethnic background. The study samples included
in this review lack ethnic diversity which precluded strat-
ification of analyses by ethnic background. Given the
longstanding inequalities in obesity prevalence by ethnic
background, SES and sex,”* additional analyses investi-
gating these interactions in relation to adverse musculo-
skeletal outcomes during childhood are critical to better
serve children at risk.

CONCLUSION

In summary, this review suggests that children with
obesity at school entry are more likely to experience back
pain, SCFE or fractures during childhood. The strength
of this evidence is low due to the small number of eligible
studies included in this review and their overall quality.
The small number of studies investigating this research
question, with varying study designs, definitions used,
outcomes examined and effect sizes reported precluded
quantitative synthesis to estimate the risk of adverse
musculoskeletal clinical diagnoses among children with
obesity. Information on whether the strength of these
associations varies by sex and ethnic background is
lacking.
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