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High baseline fat mass, but not lean
tissue mass, is associated with high
intensity low back pain and disability
in community-based adults
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Abstract

Objectives: Low back pain is the largest contributor to disability worldwide. The role of body composition as a risk
factor for back pain remains unclear. Our aim was to examine the relationship between fat mass and fat distribution
on back pain intensity and disability using validated tools over 3 years.

Methods: Participants (aged 25–60 years) were assessed at baseline using dual-energy X-ray absorptiometry (DXA)
to measure body composition. All participants completed the Chronic Pain Grade Scale at baseline and 3-year
follow-up. Of the 150 participants, 123 (82%) completed the follow-up.

Results: Higher baseline body mass index (BMI) and fat mass (total, trunk, upper limb, lower limb, android,
and gynoid) were all associated with high intensity back pain at either baseline and/or follow-up (total fat
mass: multivariable OR 1.05, 95% CI 1.01–1.09, p < 0.001). There were similar findings for all fat mass measures
and high levels of back disability. A higher android to gynoid ratio was associated with high intensity back
pain (multivariable OR 1.04, 95% CI 1.01–1.08, p = 0.009). There were no associations between lean mass and
back pain.

Conclusions: This cohort study provides evidence for the important role of fat mass, specifically android fat
relative to gynoid fat, on back pain and disability.
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Key messages

1) This longitudinal study examined the role of
fat mass and distribution, using DXA, on back
pain outcomes.

2) The results of this study suggest targeting
specifically a reduction in fat mass (not just
simply weight loss) to prevent back pain,
particularly in those who carry excess fat in
the android distribution.

Background
Low back pain is of major public health significance
worldwide, with the recent global burden of disease study
indicating it is now the leading cause of global disability,
ahead of 290 other conditions [1]. Not only is low back
pain highly disabling and prevalent [2], but it is associated
with considerable financial burden [3]. Studies show that
high levels of low back pain intensity and persistent back
pain are strong independent predictors of higher financial
burden [4]. Hence, it is important to identify modifiable
risk factors for persistent, high intensity low back pain,
which in turn will inform preventive strategies.
Obesity, a global epidemic, is associated with a myriad

of complications, many of which are musculoskeletal in
nature [5]. The relationship between obesity and back
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pain has previously been reviewed [6, 7], and while obesity
was found to be weakly associated with back pain, these
studies only used weight, body mass index (BMI), waist
circumference, and waist-hip ratio as measures of obesity.
Such measures do not differentiate accurately between fat
mass and lean tissue mass (or muscle mass), nor do they
estimate fat mass at different sites around the body.
Previous studies demonstrate that fat mass and muscle

mass have quite different roles in the pathogenesis of
musculoskeletal disease [8–10]. In cross-sectional stud-
ies of community-based cohorts, those with greater fat
mass had higher levels of back pain intensity and dis-
ability, whereas greater lean tissue mass was not asso-
ciated with back pain intensity or disability [10, 11].
Similarly, increased fat mass was associated with a higher
risk of Modic type 2 changes in the spine which are asso-
ciated with low back pain, whereas fat-free mass tended to
be protective [9]. Hence, it is important to accurately
differentiate fat mass from lean tissue (or muscle) mass
when evaluating their impact on back pain.
There are many options available for measuring body

composition in research and clinical settings; however,
dual-energy X-ray absorptiometry (DXA) is considered
the gold standard method for analyzing body compo-
sition [12, 13], with excellent precision, reproducibility,
and reliability between operators [12, 14]. Although its
use is limited by cost and accessibility, requiring a certi-
fied radiology technician [15, 16], DXA can provide a
rapid, non-invasive estimation of body composition with
minimal radiation. Another method of estimating body
composition is by using bioelectrical impedance analysis,
which is fast and inexpensive and does not require
extensive operator training; however, it relies on body
hydration, which is difficult to assess and may differ
between participants [17]. Subcutaneous fat thickness
measurement devices such as skinfold calipers are non-
invasive, inexpensive, and practical. However, accurate
measurement can be challenging, especially in large indi-
viduals [18]. Also, tissue compressibility differs between
men and women, and there can be significant inter- and
intra-observer variability among inexperienced operators
[19], thus limiting its use. Hence, while there are several
options available to estimate body composition, DXA is
the most valid and reproducible.
A recent systematic review reported that there were

insufficient cohort studies available to perform a meta-
analysis and draw conclusions regarding the relationship
between fat mass and risk of incident and worsening
pain, highlighting the need for further high-quality
longitudinal studies [20]. Of the prospective studies that
have assessed body composition in relation to back pain,
only one used DXA [21], two studies used bioelectrical
impedance analysis [17, 22], and one used a subcutaneous
fat thickness-measuring device [23]. Moreover, the results

from these longitudinal studies have been inconsistent,
with only two studies showing a positive association
between fat mass or body fat percentage and back pain
after multivariable analysis [17, 23]. Also, it is well re-
cognized that fat located at different sites, such as with
gynoid or android distribution, have different metabolic
effects [24]. No previous longitudinal study has examined
whether fat distribution, assessed using sensitive methods
such as DXA, affects back pain differently. This study
aimed to explore the association between fat mass and
fat distribution on back pain intensity and disability
over a 3-year period, using well-validated tools to measure
both back pain (chronic pain grade questionnaire) and
body composition (DXA).

Methods
Study population
Participants were recruited to partake in a study exami-
ning musculoskeletal health [25] and were not selected
based on their pain status or for seeking treatment for
their pain. Recruitment was through local media and pub-
lic, private, and community weight loss clinics. Subjects
were excluded if they had a history of any arthropathy
diagnosed by a medical practitioner, prior surgical inter-
vention to the knee including arthroscopy, and previous
significant knee injury requiring non-weight bearing
therapy or requiring prescribed analgesia, malignancy, or
contraindication to magnetic resonance imaging. Partici-
pants (n = 150) who underwent DXA within 12months of
answering the Chronic Pain Grade Scale in 2008–2009
were eligible for the current study. Of these, 123 (82%)
completed the same back pain questionnaire appro-
ximately 3 years later in 2011–2012.

Anthropometric measures
Measures of obesity taken at the time that baseline back
pain was assessed were used in the current analysis.
Body composition was analyzed by two experienced
radiographers using DXA and operating system version
9 (Monash Medical Centre, Clayton Victoria, Australia,
and Austin Hospital, Heidelberg, Victoria, Australia, GE
Lunar Prodigy, GE Lunar Corp., Madison, WI). The
machine has a weight limit of approximately 160 kg.
Weight was measured to the nearest 0.1 kg using DXA
(shoes, socks, and bulky clothing were removed). Height
at baseline was measured to the nearest 0.1 cm (shoes
and socks were removed) using a stadiometer. From
these data, BMI was calculated and reported in kilo-
grams per meter square. Android fat mass relates to the
distribution of excess fat around the abdomen, whereas
gynoid fat mass relates to the distribution of excess fat
around the hips, thighs, and buttocks. The android and
gynoid ratio (%) was calculated using the formula:
android fat mass (kg)/gynoid fat mass (kg) × 100.
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Mental health
The Short Form 36 (SF-36) is a commonly used and
well-validated tool to assess health-related quality of life
[26]. The mental component summary (MCS) of the
SF-36 was used to examine psychological health and
well-being in participants in the baseline survey. High
MCS scores indicate an absence of psychological distress
and a lack of limitations in social activities due to
emotional problems [26].

Physical activity
Participants were asked “On how many days during the
last 14 days did you spend at least 20 minutes doing
strenuous exercise such as bicycling, brisk walking, that
was severe enough to raise your pulse rate or cause you
to breathe faster?,” with frequency options as follows:
“no days, 1 to 2 days, 3 to 5 days, 6 to 8 days, or 9 or
more days.” In this study, strenuous physical activity was
defined as undertaking strenuous physical activity for at
least 20 min, on at least 1 or more days over the pre-
vious 14 days [10, 25].

Low back pain
The Chronic Pain Grade Scale was used to quantify low
back pain intensity and disability [27]. It is a seven-item,
self-administered questionnaire. High intensity back pain
was defined as pain intensity score ≥ 50 out of 100, and
high disability back pain was defined as disability points
of three or more, out of a maximum of six [27]. “Re-
solving” high intensity back pain was defined as reporting
high intensity back pain in the baseline survey but not in
the follow-up survey, and “developing” high intensity back
pain was defined as reporting high intensity back pain in
the follow-up survey but not in the baseline survey.
“Persistent” high intensity back pain was defined as
reporting high intensity back pain in both baseline and
follow-up surveys, whereas “no” high intensity back pain
was defined as reporting no high intensity back pain in
either survey. The four high disability back pain groups
were defined using the same approach as for the four high
intensity back pain groups.

Statistical analysis
Comparisons of mean values for continuous variables
across the four groups (no, developing, resolving, and
persistent back pain) were obtained using ANOVA. Diffe-
rences in categorical variables across the four back pain
groups were obtained using chi-squared test. As there
were no significant differences in baseline body compo-
sition measures among those with resolving, developing,
or persistent high intensity back pain (all p > 0.05), we
combined these three groups for analysis (i.e., any high
intensity back pain vs. no high intensity back pain over
the study period). Similarly, the anthropometric measures

for those with any high disability back pain at either base-
line or follow-up were also very similar (data not shown);
hence, they were also grouped together into any or no
high disability back pain over the study period in Table 3.
Binary logistic regression (odds ratios with 95% confidence
intervals) was used to analyze the relationship between
body composition and any high intensity/disability back
pain over the study period, after adjustment for con-
founders (age, sex, strenuous physical activity, MCS of SF-
36, and fat or lean tissue mass measure). When perfor-
ming multivariable analyses for fat mass (total, trunk,
android, and gynoid), total lean tissue mass was included
as a potential confounder. When performing multivariable
analyses for upper and lower limb fat mass, lean tissue
mass in the upper and lower limb respectively was
included as a potential confounder. p values less than 0.05
(two-tailed) were regarded as statistically significant. All
analyses were performed using the statistical package
SPSS (standard version 24.0) or STATA SE 13.0.

Results
Due to the weight limit of the DXA machine, one partici-
pant was excluded from the study. Of the 150 participants
who completed the baseline back pain questionnaire and
DXA, 123 (82%) completed the follow-up back pain ques-
tionnaire approximately 3 years later. There were no
major differences in baseline age (mean [SD] 48.6 [8.5] vs.
47.9 [9.0] years), gender (percentage female 78.1% vs.
82.0%), and BMI (31.9 [8.3] vs. 32.7 [8.6] kg/m2) between
those who completed and did not complete the follow-up
back pain questionnaire.
Of the 123 participants, mean (SD) age was 48.6 (8.5)

years, they were primarily female (78.0%), and mean BMI
was in the obese category (32.0 kg/m2). Twenty-eight
(22.8%) and 26 (21.1%) participants experienced high
intensity back pain at baseline and follow-up, respectively.
The baseline characteristics are presented in Table 1,
according to whether they had no, resolving, developing,
or persistent high intensity back pain over the 3-year study
period. A total of 39 (31.7%) participants reported high
intensity back pain at either the baseline or follow-up
survey or both, with 15 (12.2%) experiencing persistent
levels of high intensity back pain, 11 (8.9%) developing
high intensity back pain, and 13 (10.6%) having resolving
back pain over the study period. Those who had ex-
perienced high intensity back pain at any time point had a
higher mean BMI, compared to those who had not ex-
perienced any high intensity back pain [mean BMI (SD)
for resolving pain 36.5 (7.5), developing pain 37.0 (9.5),
persistent pain 36.4 (7.9), versus no high intensity back
pain 29.7 (7.5)] (p < 0.001). Those experiencing high inten-
sity back pain at any time point also had poorer mental
health status than those without any high intensity back
pain during the study [mean MCS (SD) for resolving pain
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42.1 (15.6), developing pain 42.0 (16.9), persisting pain
40.5 (15.0), and no high intensity back pain 48.9 (11.7)]
(p = 0.003).
In relation to body composition measures, those who

had experienced any high intensity back pain during the
study had higher mean total, truncal, upper limb, lower
limb, android, and gynoid fat mass at baseline, than
those without any high intensity back pain during the
study [mean total body fat mass (SD) 46.4 (16.4) for
resolving pain, 45.7 (14.6) for developing pain, 43.1
(14.6) for persisting pain, and 31.6 (16.1) for no high
intensity back pain] (all p < 0.001). Similarly, those with
any high intensity back pain had a higher fat to lean
mass ratio than those without any high intensity back
pain [mean (SD) total fat to lean mass ratio 0.9 (0.3) for
resolving pain, 0.9 (0.2) for developing pain, 0.9 (0.3) for
persisting pain, and 0.7 (0.3) for no high intensity back
pain] (p = 0.0001). There was no association between
baseline lean tissue mass across the high intensity back
pain groups. As there were no significant differences in
any body composition measure between those with per-
sistent, resolving, or developing high intensity back pain,
we combined these three groups together for analysis
purposes (all p > 0.05). Those with high intensity back
pain at either time point were also more likely to ex-
perience high disability back pain than those without
any high intensity back pain (data not shown).

The relationships between body composition and any
high intensity back pain are presented in Table 2, after
adjustment for confounding variables. With increasing
BMI and fat mass (at all body regions), there was a
higher risk of high intensity back pain over the study
period. For example, for every 1-kg increase in total
body fat mass at baseline, there was a 5% increased risk
of high intensity back pain over the study period (OR
1.05, 95% CI 1.01–1.09, p = 0.01) after adjusting for age,
gender, strenuous physical activity, total lean tissue mass,
and mental health. Similar relationships were evident for
trunk, upper limb, and lower limb fat mass, as well as
for the android and gynoid distribution of fat. The asso-
ciation between android fat mass and high intensity back
pain appeared stronger than the association for gynoid
fat mass (android fat mass OR 1.60, 95% CI 1.13–2.26;
gynoid fat mass OR 1.30, 95% CI 1.04–1.61), but this
was not statistically significant. A higher android to
gynoid ratio was significantly associated with an in-
creased risk of high intensity back pain, which persisted
after adjustment for multiple confounders. No signi-
ficant relationship was evident for lean tissue mass.
Table 3 presents the relationship between body com-

position and high disability back pain at either baseline
and/or follow-up. With increasing BMI and fat mass (at
all body regions), there was an increased risk of high dis-
ability back pain over the study period. For example, for

Table 1 Characteristics of participants with no, resolving, developing, and persistent high intensity back pain

Baseline characteristics High intensity low back pain

No (n = 84) Resolving (n = 13) Developing (n = 11) Persistent (n = 15)

Age (years) 49.0 (8.2) 42.6 (10.6) 50.9 (6.6) 50.1 (7.7)

Gender (n, % female) 64 (76.2) 10 (76.9) 10 (90.9) 12 (80.0)

BMI (kg/m2) 29.7 (7.5) 36.5 (7.5) 37.0 (9.5) 36.4 (7.9)

SF-36 mental component summary score 48.9 (11.7) 42.1 (15.6) 42.0 (16.9) 40.5 (15.0)

Strenuous physical activity for > 20 min (over 14-day period) (n, %) 70 (83.3) 9 (69.2) 9 (81.8) 7 (46.7)

Fat mass (kg)

Total 31.6 (16.1) 46.4 (16.4) 45.7 (14.6) 43.1 (14.6)

Trunk 16.5 (8.4) 25.1 (8.2) 24.1 (7.2) 23.0 (8.1)

Upper limb 3.0 (1.7) 4.3 (2.1) 4.5 (1.9) 4.3 (1.6)

Lower limb 11.2 (6.4) 15.9 (7.0) 16.1 (5.8) 14.8 (6.0)

Android 2.9 (1.6) 4.5 (1.7) 4.2 (1.5) 4.2 (1.8)

Gynoid 5.8 (2.6) 8.0 (2.9) 8.0 (2.3) 7.7 (2.4)

Android to gynoid ratio (%) 48.6 (16.2) 58.3 (14.2) 52.5 (8.4) 54.2 (17.8)

Lean tissue mass (kg)

Total 46.8 (9.5) 51.9 (11.7) 48.1 (10.2) 49.0 (12.2)

Upper limb 5.1 (1.4) 5.7 (1.4) 5.0 (1.3) 5.5 (1.9)

Lower limb 15.4 (3.4) 17.1 (3.4) 15.6 (3.1) 15.7 (4.5)

Total body fat to lean mass ratio 0.7 (0.3) 0.9 (0.3) 0.9 (0.2) 0.9 (0.3)

Mean (SD) unless otherwise noted
BMI body mass index, SF-36 Short Form 36
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every 1-kg increase in total body fat mass, there was a
6% increased risk of high disability back pain (multi-
variable OR 1.06, 95% CI 1.01–1.011, p = 0.02), after
adjusting for potential confounders. Similar relationships
were evident for fat mass in all other body regions.
Although not significant, having an android distribution
of fat tended to be associated with higher risk of high dis-
ability back pain (OR 1.65, 95% CI 1.07–2.56) than those
with a gynoid distribution (OR 1.40, 95% CI 1.07–1.84). A
higher android to gynoid ratio was associated with a
greater risk of high disability back pain, but after adjust-
ment for multiple confounders, the association was no
longer statistically significant (p = 0.11). Increased fat to
lean mass ratios across all regions were also associated
with significantly higher risk of high disability back pain at
either survey. However, no significant relationship was
evident for lean tissue mass.

Discussion
In this cohort study of community-based adults aged
25–60 years, all measures of baseline fat mass (including
total, upper limb, lower limb, trunk, android, gynoid)
were associated with a higher risk of having any high
intensity back pain over the 3-year study period. A simi-
lar relationship was present for high disability back pain.
These relationships remained significant after adjusting
for potential confounders, including age, gender, lean
tissue mass, mental health status, and physical activity.
A higher android to gynoid ratio was also significantly
associated with high intensity back pain. This longitu-
dinal study, using DXA to assess body composition, not
only supports the role of body fat mass in the patho-
genesis of back pain and disability, but also suggests that
android fat distribution relative to gynoid has a role in
high intensity back pain.

Table 2 The relationship between body composition and any
high intensity low back pain during the study, after adjustment
for confounders

Multivariable
odds ratioa

95% CI p value

BMIb 1.10 1.05–1.17 < 0.001

Fat mass

Total 1.05 1.01–1.09 0.01

Trunk 1.11 1.04–1.20 0.003

Upper limb 1.44 1.07–1.93 0.02

Lower limb 1.09 1.00–1.19 0.05

Android 1.60 1.13–2.26 0.008

Gynoid 1.30 1.04–1.61 0.02

Android to gynoid
ratio (%)c

1.04 1.01–1.08 0.009

Lean tissue mass

Total 1.00 0.93–1.08 0.92

Upper limb 1.59 0.92–2.74 0.10

Lower limb 1.05 0.85–1.28 0.67

Fat to lean mass ratiosc

Total body fat to lean mass
ratio (per 10 kg)

1.33 1.13–1.58 0.001

Upper limb fat to lean mass
ratio (per 10 kg)

1.21 1.05–1.40 0.008

Lower limb fat to lean mass
ratio (per 10 kg)

1.20 1.05–1.37 0.007

aRelationship between body composition and any high intensity back pain (at
any time point), adjusted for age, gender, strenuous physical activity, and fat
or lean tissue mass measure, in addition to mental health component score
(from SF-36). When performing multivariable analyses for fat mass (total, trunk,
android, and gynoid), total lean tissue mass was included as a potential
confounder. When performing multivariable analyses for upper and lower limb
fat mass, lean tissue mass in the upper and lower limb respectively was
included as a potential confounder
bBMI adjusted for age, gender, strenuous physical activity, and mental health
component score (from SF-36)
cAll ratios were adjusted for age, gender, strenuous physical activity, and
mental health component score (from SF-36)

Table 3 The relationship between body composition and any
high disability back pain during the study, after adjustment for
confounders

Multivariable
odds ratioa

95% CI p value

BMIb 1.12 1.04–1.20 0.002

Fat mass

Total 1.06 1.01–1.11 0.02

Trunk 1.11 1.01–1.21 0.02

Upper limb 1.53 1.07–2.19 0.02

Lower limb 1.12 1.00–1.25 0.05

Android 1.65 1.07–2.56 0.03

Gynoid 1.40 1.07–1.84 0.02

Android to gynoid
ratio (%)c

1.03 0.99–1.07 0.11

Lean tissue mass

Total 0.98 0.89–1.08 0.73

Upper limb 1.13 0.55–2.30 0.74

Lower limb 1.01 0.78–1.32 0.93

Fat to lean mass ratiosc

Total body fat to lean mass
ratio (per 10 kg)

1.33 1.08–1.64 0.007

Upper limb fat to lean mass
ratio (per 10 kg)

1.28 1.06–1.54 0.009

Lower limb fat to lean mass
ratio (per 10 kg)

1.23 1.04–1.45 0.01

aRelationship between body composition and any high disability back pain (at
any time point), adjusted for age, gender, strenuous physical activity, and
respective fat or lean tissue mass measure in addition to mental health
component score (from SF-36). When performing multivariable analyses for fat
mass (total, trunk, android, and gynoid), total lean tissue mass was included as
a potential confounder. When performing multivariable analyses for upper and
lower limb fat mass, lean tissue mass in the upper and lower limb respectively
was included as a potential confounder
bBMI adjusted for age, gender, strenuous physical activity, and mental health
component score (from SF-36)
cAll ratios were adjusted for age, gender, strenuous physical activity, and
mental health component score (from SF-36)
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In the current study, we found that baseline fat mass,
across all body regions, was associated with both any high
intensity back pain (present at either baseline and/or 3-
year follow-up) and any high levels of low back disability
over the study period. Many previous studies demonstra-
ting a relationship between obesity and back pain have
been cross-sectional [6, 7, 10, 11]. Of the prospective stud-
ies, many of which are occupational cohort studies, most
have only measured body mass index as the measure of
obesity [28–39]. Four prospective studies that have mea-
sured body composition using methods such as DXA [21],
bioelectrical impedance analysis [17, 22], and subcutane-
ous fat thickness-measuring devices [23] have de-
monstrated inconsistent results. Hussain et al. showed in
a population-based, longitudinal study of 4986 Australian
adults that fat mass and percent fat mass, measured using
bioelectrical impedance analysis, were positively asso-
ciated with back pain intensity and disability, independent
of fat-free mass [17]. In contrast, in the other longitudinal
study of 314 Spanish adult twins, there was no increased
risk of back pain with increasing fat mass percentage [22].
The longitudinal, population-based study of 1099 older
adults, which utilized DXA to more accurately measure
fat mass, found no significant association between in-
creased fat mass, fat mass index, and back pain in multi-
variable analysis, but did find significant associations for
multi-site pain [21]. However, they did not use a well-
validated back pain questionnaire, nor did they explore
the effects of fat at different sites around the body [21].
Using DXA to explore the effects of fat at several different
body regions and a well-validated back pain measure of
intensity and disability, we have provided strong evidence
for the association of fat mass, but not lean mass on back
pain, supporting the hypothesis of a systemic etiology of
back pain.
The current study is the first to demonstrate the

importance of the location of adipose tissue in relation
to back pain longitudinally. In this study, the android to
gynoid ratio was significantly associated with high intensity
back pain, suggesting that the android distribution of fat
may be particularly important in the pathogenesis of back
pain. It is well known that an android distribution of fat is
associated with an increased risk of cardiovascular disease
and metabolic disturbances [40, 41]. This is thought to be
related to unique properties of abdominal adipocytes, such
as site-specific differences in adipocyte size, physiology
(e.g., catecholamine sensitivity, lipolysis, and insulin), and
biochemistry (e.g., leptin, plasminogen activator inhibitor-
1, and the renin-angiotensin system) [41, 42]. Android fat
distribution is also associated with musculoskeletal
conditions such as foot pain and disability [43] and
reduced knee cartilage volume [44]. In the back pain
literature, android distribution of fat has previously
been associated with spinal structures, specifically

Modic type 2 changes [9]. Modic type 2 changes, which
are seen on MRI, histologically represent fatty replace-
ment of the bone marrow [45] and are associated with
reduced intervertebral disc height in the lumbar spine [9]
and back pain [46]. Modic type 2 changes may represent a
link between the android distribution of adiposity and
back pain and warrant further examination.
The mechanism underpinning the relationship between

increased fat mass, particularly in the android distribution,
and back pain intensity and disability may occur via me-
chanical loading of body mass onto spinal structures.
However, given the absence of an association between lean
tissue mass and back pain, this suggests that a systemic or
metabolic process is also at play, as opposed to a purely
mechanical process. This is further supported by our
findings of an association with android fat mass. Consis-
tent with these findings, other studies have demonstrated
an association between greater fat mass and pain in a
range of musculoskeletal regions such as the hands [21],
feet [43], and lower body pain sites [21, 47]. The finding
that non-weight bearing joints are also associated with fat
mass further supports a role for systemic or metabolic
factors. It is now well recognized that adipose tissue is
highly metabolically active, secreting both adipokines and
inflammatory cytokines, creating a state of chronic low-
grade inflammation [48]. The adipokine leptin has even
been proposed as a possible causative link between obesity
and osteoarthritis [49, 50], being associated with structural
knee joint abnormalities [51], pain pathways [52], and an
increased prevalence of back pain in women [53]. In
addition, recently, the adipokine adipsin has been asso-
ciated with back pain, independently of adiposity [54].
Together, this supports the notion that increased fat mass
may be contributing to the pathogenesis of back pain, via
metabolic pathways.
A limitation to the current study was that the study

sample had fewer men in comparison to women. Despite
our moderate sample size, we were able to demonstrate
statistically significant relationships between all the fat
mass measures and back pain intensity and disability.
While we were not able to adjust for depression in our
multivariable analysis, a known predictor for back pain,
we were able to adjust for the mental component of the
SF-36 score, which has been shown to identify 87% of
patients with depression in a study of patients with
chronic spinal pain [55]. Unfortunately, we were not able
to report on back pain duration, treatments such as
surgery, or the presence of compensation [56]. A further
potential limitation was that we were unable to account
for the effects of genetic factors and environmental in-
fluences [22], nor were we able to utilize a standardized
questionnaire to measure physical activity level. Although
we recruited from weight loss clinics, the proportion of
overweight or obese individuals in our baseline sample
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(76%) is similar to that of the current Australian popula-
tion (63%). The study has a number of strengths including
our ability to control for multiple potential confounders,
use of a sensitive tool for the measurement of body
composition, and a well-validated questionnaire to
quantify back pain intensity and disability.

Conclusions
Given the huge burden of back pain globally [1, 3] and
the lack of effective therapies available [57], identifying
modifiable risk factors is crucial in order to target pre-
ventive strategies. Many previous studies that have ex-
plored the relationship between obesity and back pain
have used body mass index [6, 7], which fails to
distinguish fat mass from muscle mass. However, these
two tissue types clearly play very different roles in the
pathogenesis of musculoskeletal disease [9, 10]. This
longitudinal study shows that all DXA measures of fat
mass across several different body regions (total, upper
limb, lower limb, truncal, android, and gynoid) were
associated with a significantly higher risk of high inten-
sity back pain and disability over 3 years, whereas there
was no significant relationship for lean tissue mass. The
results of this study suggest targeting specifically a
reduction in fat mass (not just simply weight loss) to
prevent back pain, particularly in those who carry excess
fat in the android distribution. By targeting adiposity on
a population level, it has the potential to lessen the
burden of high intensity and disability back pain in
overweight and obese adults.
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