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.' Study Design. A cross-sectional study.

Objective. To determine whether body composition is associated
with low back pain intensity and/or disability.

. Summary of Background Data. The relationship between

obesity and low back pain and disability is unclear. No study has
examined the role of body composition in low back pain and
disability.

Methods. A total of 135 participants (25-62 years), with a range
of body mass indices (18-55 kg/m?), were recruited for a study
examining the relationship between obesity and musculoskeletal
disease. Participants completed the Chronic Back Pain Grade
Questionnaire, which examines individuals’ levels of low back pain
intensity and disability. Body composition was assessed using dual
radiograph absorptiometry.

Results. Body mass index was associated with higher levels of back
pain intensity (Odds ratio [OR] = 1.35; 95% confidence interval
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[CI] = 1.09, 1.67) and disability (OR = 1.66; 95% Cl = 1.31, 2.09).
Higher levels of pain intensity were positively associated with total
body (OR = 1.19; 95% Cl = 1.04, 1.38) and lower limb fat mass
(OR = 1.51; 95% CI = 1.04, 2.20), independent of lean tissue mass.
There were also positive associations between higher levels of low
back disability and total body (OR = 1.41; 95% Cl = 1.20, 1.67)
and upper (OR = 1.67; 95% Cl = 1.27, 2.19) and lower (OR =
2.29; 95% CI = 1.51, 3.49) limbs fat mass. Similar relationships
were observed with trunk, android, and gynoid fat mass. After
adjusting for confounders, no measures of lean tissue mass were
associated with higher pain intensity or disability (P > 0.10).
Conclusion. Greater fat, but not lean tissue mass, was associated
with high levels of low back pain intensity and disability. Longitudinal
investigation is needed to determine whether fat mass is predictive of
low back pain and disability, as this may have important implications
for further prevention strategies. Understanding the mechanism for
these relationships may provide novel approaches to managing low
back pain.

Key words: body composition, disability, fat mass, low back pain.
Spine 2011;36:1320-1325

of low back pain are commonly considered “nonspecif-

ic,” as specific diagnostic tests cannot clearly identify an
individual anatomic structure as the source of pain.! There
is no clear association between “nonspecific” low back pain
and spinal abnormalities identified on imaging, particularly as
these same abnormalities are observed in asymptomatic indi-
viduals.>* Epidemiologic studies focused on investigating risk
factors for nonspecific low back pain have therefore primarily
examined the effects of modifiable factors on low back pain
and disability, rather than on specific anatomic structures of
the spine.

The global burden of obesity is rapidly increasing, with
estimates indicating that more than one billion people are
overweight and 300 million of these are obese.* It has been
hypothesized that an increase in body weight may result in
greater mechanical demands on the spine and subsequent
structural degeneration and pain. However, a systematic re-
view of 65 studies found that body weight (measured as body

Low back pain is a major public health problem. Episodes
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weight and/or body mass index [BMI]) was only a weak risk
factor for low back pain.’ Such studies have used weight,
BMI, and waist-hip ratio (WHR) as measures of obesity,**
which do not provide information about specific components
of body composition, such as muscle and fat mass,” which are
increasingly shown to have different roles in the pathogenesis
of musculoskeletal disease.!” No studies have investigated the
influence of body composition on low back pain.

The aim of this study was to examine the relationship be-
tween fat and lean tissue mass and low back pain intensity
and disability, in a population with a weight range from nor-
mal to obese.

MATERIALS AND METHODS

Participants

A total of 135 participants, aged 25 to 62 years, who ranged
from normal weight to obese, were recruited through local
media and community weight loss clinics to take part in a
study of obesity and musculoskeletal health. Exclusion cri-
teria included malignancy or inability to complete the study.
The study was approved by the Alfred Human Research and
Ethics Committee (HREC), the Monash Standing Research
Ethics Committee, the Austin Health HREC, and the Univer-
sity of Melbourne Central HREC.

Anthropometric and Physical Activity Data

Height was measured to the nearest 0.1 cm using a stadiom-
eter. Weight was measured to the nearest 0.1 kg using a single
pair of electronic scales and with shoes and bulky clothing re-
moved. BMI (weight + height?; kg/m?) was calculated. Stren-
uous physical activity was assessed by asking, “On how many
days during the last 14 days did you spend at least 20 minutes
doing strenuous exercise? E.g., bicycling, brisk walking, ezc.
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. Partici-
pation for “3 or more days” was categorized as performing
strenuous activity.

Body Composition

Body composition was measured using dual radiograph ab-
sorptiometry (GE Lunar Prodigy, using operating system
version 9; GE Healthcare, United Kingdom). The machine
has a weight limit of approximately 130 kg. Standard re-
gional analyses were used to measure total body, upper and
lower limbs, trunk, android, and gynoid fat mass, as well as
total body and upper and lower limbs lean tissue mass. An-
droid and gynoid fat mass relates to the distribution of ex-
cess fat predominantly around the abdomen, and around the
hips, thighs, and buttocks, respectively. Lean tissue mass was
used as a measurement of skeletal muscle mass. The skeletal
muscle index was calculated as ([arms lean tissue mass +
legs lean tissue mass] + height?). Short-term coefficients of
variation, assessed in 15 normal young adults, were 1.2%
for total body fat mass and 0.4% for total body lean tissue
mass.!!

Spine

Low Back Pain Intensity and Disability Data

The Chronic Pain Grade Questionnaire was administered to
obtain information on low back pain intensity and disability
over the past 6 months. The Chronic Pain Grade Question-
naire is a reliable and valid instrument for use in population
surveys of low back pain.'’»"® The questionnaire includes
seven questions from which a pain intensity score (0-100)
and disability points score (0—6) were calculated. To examine
the relationship between pain intensity and various partici-
pant characteristics, subjects were classified into three groups
based on their pain intensity score; no pain (=0), low pain
intensity (<50), and high pain intensity (=50). Similarly, to
investigate risk factors for disability, subjects were categorized
into three groups on the basis of their disability points score;
no disability (=0), low disability (<3), and high disability
(=3) as previously described.!>13

Statistical Analysis

The relationship between fat and lean tissue parameters with
low back pain intensity and disability were examined us-
ing ordinal logistic regression, where the outcome variables,
pain and disability, were classified into three ascending levels
(no, low, and high). In multivariate analysis, adjustment was
made for potential confounders including age, sex, height,
and physical activity. Furthermore, to examine the relation-
ship between fat mass, independent of lean tissue mass, and
pain intensity and disability, the respective lean tissue mass
parameter was included in the multivariate model. Similarly,
to examine the relationship of lean tissue mass, independent
of fat mass, with pain intensity and disability, the respective
fat mass parameter was included in the multivariate model.
The statistical analyses were conducted using SPSS Statistics
17.0 (SPSS Institute, Cary, NC). A P value of less than 0.05
was considered statistically significant.

RESULTS

The characteristics of the study population (n = 135) are pre-
sented in Table 1. The mean (SD) age was 47.4 (9.0) years.
BMI was approximately normally distributed in this popula-
tion, with a mean of 32.6 (8.7) kg/m?.

The mean total body fat mass was significantly higher in
subjects who reported high pain intensity than in those who
reported no pain in the previous 6 months (Figure 1A). In
contrast, there was no significant difference in mean total
body lean tissue mass (Figure 1A). Similarly, mean total body
fat mass was significantly higher in subjects who reported
high levels of low back disability than in those who did not
report disability, while there was no significant difference in
mean total body lean tissue mass (Figure 1B).

Relationship Between Body Composition Measures
and Low Back Pain Intensity

The univariate analyses showed that BMI and all measures
of fat mass including total body, upper and lower limbs,
trunk, android, and gynoid fat were positively associated
with pain intensity (P < 0.03 for all) (Table 2). No significant
associations were found between total body, upper and lower
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limb lean tissue mass, and higher pain intensity (P = 0.21-
0.90). In the multivariate analyses adjusting for age, sex,

Participant Characteristics (N = 135)
Characteristics Values* height, and physical activity; total body, upper limb, trunk,

android, and gynoid fat mass remained positively associated

Age yr), mean D) 17400 with higher pain intensity (P < 0.009 for all), whereas lower
Sex (female) 113 (83.1) limb fat mass showed a trend toward significance (P = 0.06).
Body mass index (kg/m?), mean (SD) 32.6(8.7) In addition, upper limb lean tissue mass, unlike total body
Participation in strenuous physical activity 42 30.9) and lower limb lean tissue measures, reached significance (P =
. 0.001). However, when both fat and lean tissue mass were in-

Ever experienced low back pain 126 (92.6) cluded in the multivariate model, total body and lower limb
Self-reported pain intensity+ fat mass were the only parameters that remained associated
No pain 26 (19.3) with higher pain intensity (P < 0.03 for both), with upper

: limb fat and lean tissue mass not reaching significance (P =

Low pain intensity 80 (59.3) 0.11-0.47). The relationship between total body fat mass and
High pain intensity 29 (21.5) low back pain intensity was similar in men (OR = 1.55;95%

CI = 0.80,2.99; P = 0.19) and women (OR = 1.17; 95% CI
= 1.01,1.36; P = 0.04), as was the association between lower
No disability 88 (65.2) limb fat mass and low back pain intensity (Men: OR = 1.41;
27 000 95% CI = 0.95, 2.12; P = 0.09 and women: OR= 1.48; 95%
CI = 1.01, 2.23; P = 0.05). However, these results did not
reach significance in men. The skeletal muscle index was not

Fat mass (kg), mean (SD) significantly associated with low back pain intensity in either
univariate (OR = 0.83; 95% CI = 0.62, 1.11; P = 0.20) or

Self-reported disabilityt

Low disability
High disability 20 (14.8)

Total 37.1(17.3) o

: multivariate (OR = 0.74; 95% CI = 0.52, 1.04; P = 0.08)
Upper limb 3.6(1.9) analysis, after adjusting for age, sex, and physical activity.
Lower limb 13.3 (6.7) . . .
Trunk 104 9.2) Relationship Between Body Composition Measures

and Low Back Disability

Android 3.4(1.8) The univariate analyses showed that BMI, total body, upper
Gynoid 6.7 (2.8) and lower limbs, trunk, android, and gynoid fat mass were

positively associated with low back disability (P < 0.0001 for

Lean tissue mass (kg), mean (SD) all) (Table 3). No significant association was found between

Total 47.4(9.3) measures of lean tissue mass and levels of disability (P =
Upper limb 5.1(1.3) 0.21-0.90). In the multivariate analyses adjusting for age, sex,

: height, and physical activity, the positive associations between

Lower limb 1553.3) BMI and all fat mass parameters and disability remained
*Values are reported as n (%) unless otherwise stated. significant (P < 0.0001 for all). Similarly, total body, upper,
FRefers to the previous 6 mo. and lower limbs lean tissue mass, also showed a significant as-

sociation in multivariate analysis (P < 0.03 for all). However,

A B

60 - 60 -
p=0.44 p=0.002 p=038 p<0.001

50 50 A
40 40

i H Nopain (n = 26)
30 30

B Nodisability (n = 88)

20 — ;’;g)h painintensity (n=" ;| u High disability (n = 20)
10 4 10 -
0 o

Total body lean tissue  Total body fat mass (kg)

(kD Total body lean tissue  Total body fat mass (kg)

mass (kg)

Figure 1. Mean (SE) total body fat and lean tissue mass in subjects with and without high pain intensity (panel A) and disability (panel B)
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Associations Between Self-Reported Levels of Low Back Pain Intensity and Body Mass Index

and Body Composition (N = 135)

Pain Intensity
Univariate Analysis* Multivariate Analysist Multivariate Analysist
Coefficient Coefficient Coefficient
Participant Characteristics (95% CI) P (95% CI) P 95% CI) P
Body mass index (kg/m?) 1.38(1.12, 1.68) 0.002 1.35(1.09, 1.67) 0.005 NA NA
Fat mass (kg)
Total 1.16 (1.05, 1.28) 0.003 1.16 (1.04, 1.29) 0.009 1.19 (1.04, 1.38) 0.02
Upper limb 1.32 (1.10, 1.58) 0.003 1.31 (1.07, 1.60) 0.008 1.18 (0.93, 1.50) 0.17
Lower limb 1.32(1.03, 1.71) 0.03 1.31(0.99, 1.74) 0.06 1.51 (1.04, 2.20) 0.03
Trunk 1.37 (1.13, 1.66) 0.01 1.35(1.11, 1.65) 0.003 NA NA
Android 1.37(1.13,1.67) 0.001 1.35(1.10, 1.64) 0.004 NA NA
Gynoid 1.21(1.07,1.37) 0.003 1.21(1.05, 1.39) 0.008 NA NA
Lean tissue mass (kg)
Total 1.07 (0.89, 1.28) 0.47 1.28(0.98, 1.67) 0.07 0.89 (0.64, 1.23) 0.47
Upper limb 1.17 (0.91, 1.51) 0.21 2.37 (1.45, 3.89) 0.001 1.57 (0.91, 2.71) 0.1
Lower limb 1.04 (0.63, 1.71) 0.90 1.41 (0.66, 2.97) 0.38 0.55(0.22, 1.36) 0.20
Per 5-kg/m? increase in body mass index, 5-kg increase for total body fat and lean tissue mass, lower limb fat and lean tissue mass, and trunk fat mass. Per 1-kg
increase for upper limb fat and lean tissue mass, android and gynoid fat mass.
*Odds ratio per unit increase in respective body composition measurement.
+Od(ds ratio per unit increase in respective body composition measurement adjusted for age, sex, height, and physical activity.
+Od(ds ratio per unit increase in respective body composition measurement adjusted for age, sex, and physical activity, and fat or lean tissue mass.
Cl indicates confidence interval; NA, not applicable.

when both fat mass and lean tissue mass were included in
the multivariate analyses with adjustments for age, sex, and
physical activity, all fat mass parameters remained positively
associated with disability (P < 0.0001 for all), whereas all
lean tissue mass parameters did not reach significance (P =
0.12-0.70). The skeletal muscle index was not significantly
associated with low back pain disability in either univariate
(OR = 0.86; 95% CI = 0.63, 1.17; P = 0.34) or multivari-
ate analysis (OR = 0.79, 95% CI = 0.53, 1.18; P = 0.25),
after adjusting for age, sex, and physical activity. Similar re-
sults were obtained when men and women were analyzed
separately (data not shown).

DISCUSSION

This study found that individuals with a greater fat mass of
the whole body and upper and lower limbs were more likely
to have higher levels of low back pain intensity and disabil-
ity, independent of lean tissue mass. Similar associations were
found with trunk, android, and gynoid fat mass. In contrast,
we found no relationship between lean tissue mass and pain
intensity and disability of the lower back, independent of fat
mass and after adjusting for confounders. Although increased
spinal loading associated with excess fat may explain the
relationship between fat mass and back pain and disability,

Spine

it is also possible that metabolic processes associated with
excess adipose tissue may play an important role.

Our finding that total body, limb, trunk, android, and
gynoid fat mass is associated with higher levels of low back
pain intensity and disability is novel. No previous studies
have examined the relationship between fat mass and low
back pain. Rather, they have used general measures of obe-
sity, such as weight, BMI, and WHR, which do not provide
specific information on mass of fat and lean tissue. Stud-
ies that have used measures of WHR to determine whether
there is an association between central adiposity and chronic
low back pain have reported conflicting findings. Although
a case-control study of community-based women reported a
high WHR ratio to be associated with a lower risk of severe
low back pain,® a cross-sectional, community-based study re-
ported women with a high BMI and large WHR to have a
greater likelihood of low back pain® and a subgroup analysis
of a case-control study reported an increased WHR in women
with chronic low back pain and a negative straight leg raise
test.” Moreover, interpretation of the latter study is difficult,
as it was based on a subgroup analysis, which failed to find
an association in women with a positive straight leg raise test,
or in men, regardless of their straight leg raise test result. It is
well recognized that weight and BMI do not differentiate lean
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Associations Between Self-Reported Levels of Low Back Disability and Body Mass Index

and Body Composition (N = 135)

Disability
Univariate Analysis* Multivariate Analysist Multivariate Analysis
Coefficient Coefficient Coefficient
Participant Characteristics (95% Cl) P 95% CI) P (95% Cl) P
Body mass index (kg/m?) 1.64 (1.32,2.03) 0.0001 1.66 (1.31, 2.09) 0.0001 NA NA
Fat mass (kg)
Total 1.29 (1.16, 1.45) 0.0001 1.32 (1.16, 1.49) <0.001 1.41 (1.20, 1.67) 0.0001
Upper limb 1.64 (1.33,2.02) 0.0001 1.73 (1.38, 2.18) <0.001 1.67 (1.27,2.19) 0.0001
Lower limb 1.78 (1.35, 2.34) 0.0001 1.93 (1.40, 2.65) <0.001 2.29(1.51, 3.49) 0.0001
Trunk 1.60 (1.29, 1.97) <0.001 1.61 (1.28, 2.00) <0.001 NA NA
Android 1.57 (1.27, 1.94) <0.001 1.57(1.27, 1.95) <0.001 NA NA
Gynoid 1.38 (1.20, 1.58) <0.001 1.42 (1.21, 1.66) <0.001 NA NA
Lean tissue mass (kg)
Total 1.07 (0.89, 1.28) 0.50 1.44 (1.09, 1.90) 0.01 0.77 (0.54, 1.09) 0.14
Upper limb 1.08 (0.84, 1.39) 0.55 2.69 (1.57, 4.60) <0.001 1.13 (0.61, 2.09) 0.70
Lower limb 1.14 (0.68, 1.92) 0.62 2.38(1.07, 5.26) 0.03 0.46 (0.17, 1.23) 0.12

increase for upper limb fat and lean tissue mass, android and gynoid fat mass.

*Odds ratio per unit increase in respective body composition measurement.

confidence interval; NA, not applicable.

Per 5-kg/m? increase in body mass index, 5-kg increase for total body fat and lean tissue mass, lower limb fat and lean tissue mass, and trunk fat mass. Per 1-kg

1+Odds ratio per unit increase in respective body composition measurement adjusted for age, sex, height, and physical activity.

+Odds ratio per unit increase in respective body composition measurement adjusted for age, sex, and physical activity, and fat or lean tissue mass. Cl indicates

tissue and fat mass.’ In addition, a recent systematic review of
65 epidemiologic studies has shown only a weak association
between weight and BMI and low back pain.’

Although imaging studies have previously reported a re-
duction in cross-sectional area of specific trunk muscles in
patients with low back pain,'*! measures of lean tissue of the
total body or limbs have not been performed. While Toda ez
al’ reported reduced trunk and lower extremity muscle mass
in female patients with chronic low back pain and a negative
straight leg raise test compared with controls, these findings
were only evident in a specific subgroup of 71 women, who
were defined according to the straight leg raise test, which
has been reported to have limited diagnostic accuracy.'® Fur-
thermore, no adjustment for confounders, particularly the
independent effect of muscle and fat mass, was performed
even though both are strongly associated with BMI and in-
dividually may simply reflect obesity. These findings suggest
that although there is evidence for atrophy of specific muscles
surrounding the spine, there is a paucity of data indicating
significant changes in muscle mass of the total body or upper
and lower limbs associated with low back pain.

Although we found that the mean amount of fat mass was
significantly higher in those who reported high levels of pain
intensity (Figure 1A) or disability (Figure 1B) than in those

1324 www.spinejournal.com

who did not, we found no significant difference in the mean
amount of lean tissue mass. This suggests that the effect of
obesity is mediated by fat mass, with lean mass remaining
relatively stable, despite differences in degrees of obesity. The
mechanism by which fat mass effects back pain and disability
may be via excess fat placing increased load on the spine. Al-
ternatively, the effect of fat mass may occur through systemic
processes. This is supported by our findings that all measures
of fat mass throughout the body, including those of the trunk
and upper and lower limbs, were positively associated with
pain intensity and disability.

Indeed, there is growing evidence to suggest that metabolic
activity may be important in the pathogenesis of musculosk-
eletal disorders. For example, it is well recognized that obe-
sity is a risk factor for hand osteoarthritis, which is a non—
weight-bearing joint,'”'® and that fat mass is a risk factor for
knee cartilage defects,'” which are strong predictors of knee
pain and progression of osteoarthritis.?>?! Adipose tissue is
metabolically active, releasing a multitude of proinflamma-
tory cytokines and key mediators of metabolism termed the
“adipokines.”?? Given high concentrations of macrophage,
secreted cytokines have also been shown to be involved in the
development of symptomatic disc disease through nerve in-
growth and neovascularization,? and inflammatory cytokines
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have been demonstrated in lumbar facet joints in degen-
erative spinal conditions.”* It is possible that inflammatory
factors released from adipose tissue may heighten inflam-
matory changes surrounding the spine, subsequently in-
creasing the associated pain and disability. Moreover, such
inflammatory processes, including those involving the neu-
ral system, can play a large role in the destruction of tissue
surrounding the spine and the development of chronic pain
conditions.”

Although a limitation of our study was that we had a
smaller proportion of men, our sample had several strengths,
in that it included participants with a range of weight extend-
ing from normal to obese. We also adjusted for confound-
ers, such as age, sex, height, and physical activity, as well as
fat and lean tissue mass, which are known to have a colinear
relationship. Similar results were found when analyses were
performed in men and women separately. Although our as-
sessment of pain and disability was questionnaire-based, these
measures were performed using validated tools. While this
study was cross-sectional and had a relatively modest sample
size, we were able to identify statistically significant and con-
sistent relationships using independent measures of fat mass.
Future longitudinal studies, in larger populations with a wide
spectrum of back pain and disability, will be needed to deter-
mine the predictive nature of our findings.

We found that increased fat mass (total body, upper and
lower limb, trunk, and android and gynoid) was associated
with higher levels of low back pain intensity and disability.
Longitudinal investigation is needed to determine whether fat
mass is predictive of low back pain and disability, as this may
have important implications for future prevention strategies.
Moreover, understanding the mechanism of action by which
increased adipose tissue is associated with back pain and dis-
ability may provide insights into therapeutic strategies for the
prevention of low back pain.

> Key Points

U Greater fat, but not lean tissue mass, was associ-
ated with high levels of low back pain intensity and
disability.

U Although the associations between fat mass and
back pain and disability are likely to be multifactorial,
spinal loading and metabolic processes may play an
important role.

U Longitudinal investigation is needed to determine
whether fat mass is predictive of low back pain and
disability, because this may have important implica-
tions for further prevention strategies.
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