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Intermuscular adipose tissue and lean muscle mass assessed
with MRI in people with chronic back pain in Germany: a
retrospective observational study
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Summary

Background Chronic back pain (CBP) affects over 80 million people in Europe, contributing to substantial healthcare
costs and disability. Understanding modifiable risk factors, such as muscle composition, may aid in prevention and
treatment. This study investigates the association between lean muscle mass (LMM) and intermuscular adipose
tissue (InterMAT) with CBP using noninvasive whole-body magnetic resonance imaging (MRI).

Methods This cross-sectional analysis used whole-body MRI data from 30,868 participants in the German National
Cohort (NAKO), collected between 1 May 2014 and 1 September 2019. CBP was defined as back pain persisting
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>3 months. LMM and InterMAT were quantified via MRI-based muscle segmentations using a validated deep
learning model. Associations were analyzed using mixed logistic regression, adjusting for age, sex, diabetes,
dyslipidemia, osteoporosis, osteoarthritis, physical activity, and study site.

Findings Among 27,518 participants (n = 12,193/44.3% female, n = 14,605/55.7% male; median age 49 years IQR 41;
57), 21.8% (n = 6003; n = 2999/50.0% female, n = 3004/50% male; median age 53 years IQR 46; 60) reported CBP,
compared to 78.2% (n = 21,515; n = 9194/42.7% female, n = 12,321/57.3% male; median age 48 years IQR 39; 56)
who did not. CBP prevalence was highest in those with low (<500 MET min/week) or high (>5000 MET min/week)
self-reported physical activity levels (24.6% (n = 10,892) and 22.0% (n = 3800), respectively) compared to moderate
(500-5000 MET min/week) levels (19.4% (n = 12,826); p < 0.0001). Adjusted analyses revealed that a higher
InterMAT (OR 1.22 per 2-unit Z-score; 95% CI 1.13-1.30; p < 0.0001) was associated with an increased likelihood
of chronic back pain (CBP), whereas higher lean muscle mass (LMM) (OR 0.87 per 2-umit Z-score; 95% CI
0.79-0.95; p = 0.003) was associated with a reduced likelihood of CBP. Stratified analyses confirmed these
associations persisted in individuals with osteoarthritis (OA-CBP LMM: 22.9 cm?/kg/m; InterMAT: 7.53% vs OA-
No CBP LMM: 24.3 cm?/kg/m; InterMAT: 6.96% both p < 0.0001) and osteoporosis (OP-CBP LMM: 20.9 cm?/
kg/m; InterMAT: 8.43% vs OP-No CBP LMM: 21.3 cm?®/kg/m; InterMAT: 7.9% p = 0.16 and p = 0.0019). Higher
pain intensity (Pain Intensity Numerical Rating Scale >4) correlated with lower LMM (2-unit Z-score
deviation = OR, 0.63; 95% CI, 0.57-0.70; p < 0.0001) and higher InterMAT (2-unit Z-score deviation = OR, 1.22;
95% CI, 1.13-1.30; p < 0.0001), independent of physical activity, osteoporosis and osteoarthritis.

Interpretation This large, population-based study highlights the associations of InterMAT and LMM with CBP. Given
the limitations of the cross-sectional design, our findings can be seen as an impetus for further causal investigations
within a broader, multidisciplinary framework to guide future research toward improved prevention and treatment.

Funding The NAKO is funded by the Federal Ministry of Education and Research (BMBF) [project funding reference
numbers: 01ER1301A/B/C, 01ER1511D, 01ER1801A/B/C/D and 01ER2301A/B/C], federal states of Germany and

the Helmholtz Association, the participating universities and the institutes of the Leibniz Association.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

We conducted a comprehensive search of PubMed, Scopus,
and Google Scholar for studies investigating muscle
composition in chronic back pain (CBP) using search terms
such as “chronic back pain,” “muscle composition,” “lean
muscle mass (LMM)” “intermuscular adipose tissue
(InterMAT)", “physical activity,” and “pain intensity” up to 31
January, 2025. Prior research showed inconsistent findings
regarding the role of muscle composition in CBP, limited by
small sample sizes, reliance on non-imaging or X-ray imaging
techniques, and region-specific muscle assessments. This
highlights the need for large-scale investigations using whole-
body magnetic resonance imaging (MRI) and automated
segmentation tools for precise muscle composition
evaluation.

Added value of this study

This study analyzed data from 27,518 participants in the
German National Cohort (NAKO) using whole-body MRI and
automated segmentation techniques. It provides strong
evidence linking higher InterMAT and lower LMM to higher

symptom burden and increased CBP probability, even after
controlling for multiple confounders. A key advancement is
the demonstration of synergistic, compensatory and
suppressive interactions between LMM and InterMAT for CBP,
for which clinical results of the intricate biochemical interplay
are lacking. Lastly, the study established muscle composition
as a potential imaging biomarker for musculoskeletal health
beyond CBP, particularly in conditions such as osteoarthritis
and osteoporosis.

Implications of all the available evidence

Our findings in this large population-based cohort highlight a
strong association between LMM and InterMAT with CBP,
symptom burden, and musculoskeletal comorbidities. Future
research should focus on longitudinal designs to explore
causal pathways and underlying biological mechanisms.
Assessment of muscle composition, alongside psychological,
biomechanical, and lifestyle factors, represents an important
component within a multifaceted framework for early risk
identification and targeted interventions, potentially
mitigating the socioeconomic burden of CBP.
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Introduction

Back'? pain is a leading cause of individuals living with
disability worldwide, with approximately 90% of cases
classified as the non-specific back pain, lacking an
identifiable pathoanatomical cause. CBP, commonly
defined as the presence of back pain for at least three
months,"? is a debilitating condition with detrimental
effects on physical, mental, and social well-being.’ It
affects over 80 million people in Europe,* causing a
significant burden on individuals through reduced
quality of life and disability, and on society through
substantial healthcare costs and lost productivity.” CBP
often coexists with musculoskeletal comorbidities” such
as osteoarthritis and osteoporosis, which complicates
treatment by introducing overlapping pain mechanisms.
This reinforces the need for personalized management
approaches addressing both structural and functional
contributors to CBP.®

Muscle composition, reflecting both quantity (lean
muscle mass (LMM)) and quality has emerged as a key
determinant of musculoskeletal health and a potential
contributor to CBP.”'° Muscle quality can be assessed by
fat accumulations, which occur both intra- and inter-
muscularly. While intramuscular fat' refers to lipid
accumulation within muscle cells, intermuscular adi-
pose tissue (InterMAT), defined as adipose tissue
interspersed between and around skeletal muscle
groups,'” represents true adipose tissue and is widely
studied as a parameter of muscle quality. While LMM is
typically lower in patients with CBP, findings on Inter-
MAT have been inconsistent.”

Previous studies investigating muscle composition
in CBP have shown varying associations, yet prospective
analyses of the relationship between muscle composi-
tion and clinical outcomes remain inconclusive.'*'” This
may be due to limitations such as small sample sizes,'®"”
reliance on planar imaging modalities like DXA* and
focus on specific regions like the lumbar spine or
muscle quantity alone.”’ Recent advances in whole-body
magnetic resonance imaging (MRI) and automated
segmentation tools now enable large-scale, precise as-
sessments of muscle composition.”> While whole-body
MRI enables comprehensive muscle composition anal-
ysis, it is not currently recommended for routine CBP
diagnosis. Our study explores whether MRI-derived
biomarkers, such as InterMAT and LMM, could
contribute to a broader risk assessment framework.

This study investigates the association between MRI-
derived muscle composition—specifically, inter-
muscular adipose tissue (InterMAT) and lean muscle
mass (LMM)—with CBP prevalence and symptom
burden in a large, population-based cohort. We hy-
pothesized that higher InterMAT and lower LMM would
be independently associated with the presence of CBP,
even after adjusting for key confounders, including
osteoarthritis and osteoporosis.
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Methods

Study design and participants

This study was conducted under the data access appli-
cation NAKO-836. The NAKO is a prospective multi-
center population study, with more than 205,000
participants aged between 20 and 72, enrolled at 18
centers from 1. May 2014 to 1. September 2019. The
study included a subpopulation of 30,868 participants
from the NAKO. For all participants whole-body MRI
scans were available from five imaging centers.”” The
NAKO was approved by all local institutional review
boards of the five imaging sites, and written informed
consent was obtained from all participants prior to
enrollment. Additionally, approval from the local Insti-
tutional Review Board of the Technical University of
Munich (2024-479-S-SB; 09/2024) was received.*Parti-
cipants were included if they had complete MRI data
and self-reported pain status. Exclusion criteria were
applied to remove cases with segmentation failure,
missing pain assessment data, or incomplete physical
activity records, ensuring data integrity and model reli-
ability (Supplementary Figure S1). Cases with incom-
plete MRI segmentations or missing covariate data were
excluded. Multiple imputation was not used due to the
low rate of missing data (<5%)

Collected data included age, sex, race (self-identified
by participants), body mass index (BMI), total physical
activity (MET min/week), and the presence of diseases
associated with CBP (diabetes mellitus,* dyslipidemia,*
osteoporosis (OP) and osteoarthritis’*(OA). Due to data
limitations, information on OA localization and severity
was not available, restricting stratified analysis to a bi-
nary presence/absence classification. Physical activity
levels were categorized into low (<500 MET min/week,
equivalent to <83 MET-hours/week), moderate
(500-5000 MET min/week, equivalent to 8.3-83.3 MET-
hours/week), and high (>5000 MET min/week, equiva-
lent to >83.3 MET-hours/week), following WHO and
ACSM guidelines.””** MRI was performed using 3 T
scanners (MAGNETOM Skyra, Siemens Healthineers,
Erlangen, Germany) following a standardized protocol.”
A whole-body T2-weighted HASTE sequence (axial
orientation, 5.0 mm slice thickness, voxel size
1.4 x 1.4 x 5.0 mm, echo time 81 ms) was used for
segmentation. Image quality was subjectively rated as
good or excellent in 97.7% of cases.” Participants were
classified as having CBP if they reported back pain on
most days for >3 months (aligned with NIH Pain Con-
sortium and ICD-11 definitions). No clinical verification
of CBP was available, which may introduce reporting
bias. Symptom burden was assessed using the
Pain Intensity Numerical Rating Scale (PI-NRS), classi-
fied as none (0), mild (1-3), moderate (4-6), and severe
(=7). For regression analysis, pain burden was
dichotomized into low (none to mild) and high (mod-
erate to severe).
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Procedures

The erector spinae and multifidus muscles (spanning
spinal levels T1-S1) were automatically segmented us-
ing MRSegmentator, a deep learning-based tool previ-
ously validated on NAKO MRI data (DICE-score
>0.95).°" A three-component Gaussian-mixture model
(covariance: full, initialization method: k-means, max
iterations: 1000) was applied to differentiate muscle
tissue from intermuscular adipose tissue (InterMAT)
following the methodology of Wesselink et al.** Fat-
water separation techniques, such as Dixon sequences,
were not available in the dataset, which may limit
sensitivity to intramuscular lipid infiltration. InterMAT
was defined as macroscopically visible adipose tissue
interspersed between and around skeletal muscle
groups, as per the classification of Goodpasture'? and
Gallagher et al.”* Segmentation masks of intermuscular
fat were subtracted from total muscle segmentations to
estimate fat-free muscle volume. LMM was defined as
fat-free muscle volume normalized to BMI
(LMM = muscle volume/BMI), following standard
methodologies.'** Percentile-based segmentations are
shown in Fig. 1a.

Statistical analysis

Multivariable mixed-effects logistic regression was used
to analyze the association between LMM, InterMAT,
and the presence of CBP, adjusting for age, sex, diabetes
mellitus, dyslipidemia, OP, OA, physical activity, and
study site (included as a random effect). Mixed models
were chosen to account for variability across study
centers and non-independent observations. Odds ratios
(OR) and 95% Wald confidence intervals (CI) were
calculated per 2-unit Z-score deviation of LMM and
InterMAT. Variance Inflation Factors (VIF) were
computed for all covariates, with a threshold of VIF >5
indicating potential collinearity. All VIF scores were
below this threshold, suggesting minimal collinearity.
All VIF scores are listed in Supplementary Table S2.
Combined effects of InterMAT and LMM were evalu-
ated by calculating ORs at Z-scores (-3, -1.5, 1.5, 3).
Baseline log-odds were set at Z = 0. For each combi-
nation, ORs were computed with 95% Cls derived from
the variance-covariance matrix. An interaction term be-
tween LMM and InterMAT was explicitly tested. To
examine cumulative effects, a nomogram was con-
structed incorporating all variables from the multivari-
able model. Nomogram performance was evaluated
using the concordance index (c-index), and calibration
was assessed via a calibration curve derived from 1000
bootstrap resamples. Stratified comparisons were per-
formed within OA and OP subgroups using indepen-
dent t-tests to assess differences in InterMAT and LMM.
No additional modeling adjustments were made within
these subgroups due to sample size limitations. Symp-
tom burden was dichotomized into low (none to mild
pain) and high (moderate to severe pain, corresponding

to PI-NRS >4). Logistic mixed-effects models were used
to analyze associations, adjusting for physical activity,
OA, and OP. A Bonferroni correction was applied to
adjust for multiple comparisons, maintaining an alpha
level of p < 0.05 across all tests.

Role of the funding source

The funding sources for this study had no role in the
design of the study, collection, analysis, or interpretation
of data, manuscript preparation, or the decision to
submit the manuscript for publication.

Results

Study characteristics

A total of 27,518 participants (55.7% (n = 15,325) men;
median age 49 years (range: 41-57 years) were included
in the analysis, of whom 21.8% (n = 6003) reported
CBP. Participants with CBP were significantly older
(median 53 years [IQR 46; 60 years] vs 48 years [IQR 39;
56 years]), more often female (50% vs 42.7%), had a
marginally higher BMI (27.1 + 4.9 kg/m*> vs
26.3 + 4.6 kg/m?), and higher frequencies of diabetes
mellitus, dyslipidemia, OP, and OA. Participants with
moderate activity levels had the lowest frequency for
CBP (high 24.6%/low 22.0% vs moderate 19.4%, both
p < 0.0001). Participants with CBP had significantly
higher InterMAT (7.3 + 2.8% vs 6.44 + 2.32%) and lower
LMM  values (2532 =+ 6.6 cm’/kg/m® vs
26.98 + 6.62 cm’/kg/m?). Descriptive characteristics of
the cohort are presented in Table 1.

Association of muscle composition with chronic
back pain and symptom burden

We hypothesized that, in addition to the relationship
with CBP, InterMAT and LMM correlate with symptom
burden. After controlling for covariates, InterMAT (2-
unit Z-score deviation = OR, 1.22; 95% CI, 1.13-1.30;
p < 0.0001) and LMM (2-unit Z-score deviation = OR,
0.87; 95% CI, 0.79-0.95; p = 0.003) were independently
associated with CBP. Accounting for physical activity,
OA, and OP a two-unit increase in the z-score for
InterMAT was significantly associated with increased
odds of experiencing high symptom burden (OR = 1.17;
95% CI: 1.06-1.28; p < 0.0001). Conversely, a two-unit
increase in the z-score for LMM was significantly asso-
ciated with reduced odds of high symptom burden
(OR = 0.63; 95% CI: 0.57-0.70; Bonferroni-adjusted
p < 0.0001).

Probability of CBP in relation to muscle
composition and risk factors

The interaction between InterMAT and LMM was tested
and found to be non-significant (p = 0.552), suggesting
that the effects of InterMAT and LMM on the outcome
are independent. Combinations of different age- and
sex-adjusted Z-scores for LMM and InterMAT showed

www.thelancet.com Vol 54 July, 2025
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Fig. 1: MRI-Based Analysis of Intermuscular Adipose Tissue (InterMAT) and Lean Muscle Mass (LMM) in Chronic Back Pain (CBP) using
data from the German National Cohort (NAKO). (a) Representative MRI segmentations of InterMAT (yellow) and LMM (red) in participants
with and without CBP, stratified by InterMAT percentiles (25th, 50th, and 75th). For comparability, MR slices corresponding to the L2-3 region
were used and participants with similar LMM values were selected. (b) Association of muscle composition with CBP symptom burden.
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that unfavorable deviations in both InterMAT and LMM
were associated with a substantially higher OR (OR of
1.47 95% CI [1.32, 1.65] for InterMAT Z-Score: +3 and
LMM Z-score -3), while favorable deviations in Inter-
MAT and LMM were associated with a substantially
lower OR (OR of 0.68 95% CI [0.61, 0.76] InterMAT Z-
Score: -3 and LMM Z-score +3) for CBP. Furthermore,
results suggest that higher odds of CBP due to low LMM
values could be compensated by low InterMAT values
(OR of 0.77 95% CI [0.65, 0.91] for InterMAT and LMM
Z-score of —3), however, high InterMAT values couldn’t
be offset by high LMM values (OR of 1.3 95% CI [1.1,
1.54] for InterMAT and LMM Z-score of +3), indicating
that synergistic associations exist between InterMAT
and LMM. Moreover, the adverse association of Inter-
MAT with CBP does not appear to be substantially
mitigated by favorable LMM levels. Heatmap visualiza-
tion (Fig. 1c) demonstrates that high InterMAT levels
are associated with greater likelihood of CBP regardless
of LMM levels, while the inverse association between of
high LMM is diminished in the presence of excessive
InterMAT.

The nomogram visualized in Fig. 2a integrated all
variables from the multivariable logistic regression
model, providing a practical tool for estimating the
probability of CBP. Bootstrap validation yielded a c-in-
dex of approximately 0.67 (95% CI: [0.658, 0.675]),
indicating moderate discrimination. Calibration was
assessed using bootstrapping. The resulting calibration
plot (Supplementary Figure S2) demonstrated good
agreement between the predicted probabilities and the
observed frequencies. Quantitatively, the bootstrap-
calibrated secondary logistic calibration model pro-
duced an intercept of approximately —3.33 x 107** and a
slope of 1.00 (p < 2 x 107'°), indicating excellent cali-
bration. Moreover, based on the nomogram, OA and OP
emerged as among the most influential factors for CBP.

Muscle composition as a marker of musculoskeletal
health

Due to the substantially increased risk and the fre-
quency of musculoskeletal comorbidities in CBP, a
subgroup analysis was conducted for OA and OP. For
both comorbidities, significant differences in InterMAT
and LMM values were observed depending on the
presence or absence of the risk factor (OA Inter-
MAT = 7.15%, LMM = 23.75 cm®/kg/m vs No OA
InterMAT = 593%, LMM = 26.82 cm’/kg/m;

p < 0.0001/OP InterMAT = 8.19%, LMM = 21.13 cm®/
kg/m vs No OP InterMAT = 6.11%, LMM = 26.37 cm?/
kg/m% p < 0.0001). Even within the stratified groups
(OA, No OA, OP, No OP), participants with CBP showed
significantly higher InterMAT and lower LMM values,
except for LMM within the OP group (OP-CBP LMM:
20.9 cm®/kg/m vs OP-No CBP LMM: 21.3 cm?/kg/m;
p = 0.16). InterMAT and LMM values and descriptive
statistics for the subgroups, are summarized in Fig. 2b
and Table 2.

Discussion

In this large, nationwide cohort study, we substantiate
findings from smaller studies regarding the association
between paraspinal muscle composition and CBP.
Specifically, lower LMM and higher InterMAT were
independently linked to the presence of CBP, even after
adjusting for multiple confounders. Critically, our re-
sults support the interdependent relationship between
LMM and InterMAT, and demonstrate the relevance of
muscle composition within the context of musculo-
skeletal comorbidities, specifically OA and OP.

The role of imaging in CBP is a subject of ongoing
debate, primarily due to the lack of association between
degenerative changes of the spine and CBP* as well as
pain symptomatology.*> However, paraspinal muscle
composition, often overlooked in routine diagnostics,
may serve as a non-invasive biomarker for CBP. Lower
LMM and higher InterMAT values were associated with
the presence of CBP, even after controlling for age, sex,
physical activity, BMI, diabetes mellitus, dyslipidemia,
OP and OA all of which are typically associated with
CBP and with drastic changes in muscle structure.
These significant differences also persisted within the
stratified groups of OP and OA, both common comor-
bidities in CBP.” Previous research has shown that
muscle composition alterations are associated with both
spinal and peripheral OA and OP, likely mediated by
multifactorial mechanisms.”’* Notably, our findings
revealed significant differences in muscle composition
among participants with these comorbidities, who
demonstrated significantly higher InterMAT and lower
LMM values. These observations suggest that muscle
composition may extend beyond being a specific
parameter for CBP to serve as a holistic indicator of
musculoskeletal health.

Depending on the extent of the physical activity,
significantly different ratios of CBP were found, with

Multivariable logistic regression analysis demonstrated that variations in muscle composition were significantly related to CBP symptom
burden, with higher InterMAT linked to increased symptom burden and higher LMM linked to reduced symptom burden, independent of
physical activity and musculoskeletal comorbidities. (c) Combinatorial associations of InterMAT and LMM on CBP probability. A heatmap
displaying CBP odds ratios for different combinations of InterMAT and LMM Z-scores. Higher InterMAT and lower LMM were associated with
greater likelihood of CBP, with a potential synergistic association observed in individuals with both unfavorable parameters. Notably, high
InterMAT values were associated with greater likelihood of CBP regardless of LMM levels, while the association between low LMM values and

CBP appeared less pronounced when InterMAT values were lower.

www.thelancet.com Vol 54 July, 2025


http://www.thelancet.com

Articles

a 0 10 20 30 40 50 60 70 80 920 100
Points L . ) | L ) A . | 1 )
InterMAT (%) r T T r T T T T T T 1

-4 2 0 2 4 6 8 10 12 14 16
LMM (cm?¥kg/m?) T
4 2 0 2 -4
female
Sex
male
Age r T T T T T T T T T T ]
20 25 30 35 40 45 50 55 60 65 70 75
Low
Activity Group —
Average High
yes
Dyslipidemia —
no
yes
Diabetes mellitus —
no
yes
Osteoporosis T :
no
yes
Osteoarthritis T !
no
Total Points r T T T T T |
0 50 100 150 200 250 300
Probability of Chronic Back Pain T T T T T T T 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Osteoarthritis (OA) Osteoporosis (OP)
20 50 - . 50
40 40 ns

o
a

n
o
n
o

InterMAT (%)
>
LMM (cm?3kg/m?)
W
o
InterMAT (%)
5
LMM (cm3/kg/m?)
w
o

o
o

0 0 0 0
FFF S S S FFFE LSS o‘zeoo‘z FSFELL LSS
Sy Sy S NSy K Q,eoo QI& < 62'(2.%0 62"2’ ©
X ® ¥ X ® X ® & K & S
& ® <® ®

Fig. 2: Nomogram-based probability estimation and subgroup analysis of muscle Composition in Chronic Back Pain (CBP). (a) Nomogram
for Assessing CBP Probability: This nomogram integrates intermuscular adipose tissue (InterMAT), lean muscle mass (LMM), sex, age, physical
activity level, and comorbidities (dyslipidemia, diabetes mellitus, osteoporosis, and osteoarthritis) to estimate an individual’s probability of CBP.
Each variable contributes a weighted score that is summed to yield an overall estimated probability of CBP. The nomogram is intended to
illustrate the associations between these factors and CBP probability without implying direct causation or serving as a clinical decision-making
aid. InterMAT and LMM are most strongly associated with CBP, with higher InterMAT and lower LMM being linked to greater probability of CBP.
(b) Subgroup Analysis for Osteoarthritis (OA) and Osteoporosis (OP): Boxplots illustrate InterMAT (%) and LMM (cm?3/kg/m?) across different
subgroups stratified by CBP presence. Osteoarthritis (OA): Individuals with OA exhibit significantly higher InterMAT and lower LMM compared
to those without OA. Among OA patients, those with CBP show further increased InterMAT and reduced LMM (****p < 0.0001). Osteoporosis
(OP): OP is similarly associated with increased InterMAT and reduced LMM, with significant differences between CBP and non-CBP groups
(**p < 0.0019 to ****p < 0.0001). However, LMM differences between OP-CBP and OP-no CBP are not significant (ns), suggesting a potentially
different pathophysiological relationship.

higher percentages for low but also high physical ac-  differences in the frequency of back pain could be
tivity, supporting a U-shaped relationship.” Despite shown for low and high intensity.” For chronic back

prior research efforts on the effects of physical activity, ~ pain and chronic back conditions, which are more
the relationship is still unclear. Physically active in-  broadly defined, an inverse correlation between in-
dividuals seem to have back pain less often than phys-  tensity and frequency was found. A possible explanation

ically inactive individuals, but there are divergent results ~ of our results is the different definitions of high physical
regarding intensity. For example, no significant  activity, which was set at 5000 MET min/week or 83.3
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Characteristic

Chronic back
pain (n = 6003)

No chronic back
pain (n = 21,515)

Age
Sex
Male
Female
Race
Caucasian
African
Asian
Latin American
Unknown/No response
BMI
Physical activity
Average
High
Low
Diabetes mellitus
Missing
No
Yes
Hyperlipidemia
Missing
No
Yes
Osteoporosis
Missing
No
Yes
Osteoarthritis
Missing
No
Yes
LMM (cm/kg/m?)
InterMAT (%)

Median 53 (IQR 46; 60) years

3004 (50%)
2999 (50%)

5555 (92.5%)
17 (0.3%)

19 (0.3%)

6 (0.1%)

406 (6.8%)
27.1 + 4.9 kg/m?
2492 (41.5%)
2674 (44.5%)
837 (13.9%)

13 (0.2%)
5615 (93.6%)
374 (6.2%)

51 (0.8%)
4113 (68.5%)
1838 (30.6%)

47 (0.8%)
5653 (94.2%)
303 (5.0%)

50 (0.8%)
3782 (63%)
2171 (36.2%)
2532 + 6.6
73+28

Median 48 (IQR 39; 56) years

12,321 (57.3%)
9194 (42.7%)

20,181 (93.7%)
79 (0.4)

127 (0.6%)

35 (0.2%)

1093 (5.1%)
263 + 4.6 kg/m’

10,334 (48.0%)
8218 (38.2%)
2963 (13.8%)

13 (0.1%)
20,674 (96.1%)
828 (3.8%)

117 (0.5%)
17,129 (79.6%)
4269 (19.8%)

33 (0.2%)
21,192 (98.5%)
290 (1.3%)

100 (0.5%)
18,044 (83.9%)
3371 (15.7%)
26.98 + 6.62
6.44 + 232

Sex and ethnicity data were collected through participant self-report. IQR, Interquartile Range; BMI, Body Mass

Index; LMM, Lean Muscle Mass; InterMAT, Intermuscular Adipose Tissue.

Table 1: Descriptive statistics.

Yes 21192 78.94 5.99 [4.94-7.37]

2672 [21.92-31.91]

Risk factor CBP Count (n) Percentage (%) InterMAT LMM
Osteoarthritis 5542 20.14 7.15 [5.84-9.08] 23.75 [19.49-29.26]
No 3371 60.83 6.96 [575-8.8]  24.32 [19.91-29.75]
Yes 2171 39.17 7.53 [6.03-9.46]  22.86 [18.82-28.31]
No osteoarthritis 21826 79.32 593 [4.9-727]  26.82 [22.07-31.97]
No 18044 82.67 5.86 [4.83-7.15]  27.08 [22.24-32.18]
Yes 3782 17.33 6.35 [5.24-7.88]  25.69 [21.24-30.98]
Osteoporosis 593 2.15 8.19 [6.78-10.23] 21.13 [18.04-24.93]
No 290 489 7.9 [6.54-9.6] 21.3 [18.63-25.22]
Yes 303 51.1 8.43[6.94-10.8]  20.9 [17.7-24.62]
No osteoporosis 26845 97.55 6.11 [5.02-7.58] 26.37 [21.6-31.61]
[
[

No 5653 21.06 6.65 [5.42-8.36]

24.98 [20.45-30.37]

CBP, Chronic Back Pain; LMM, Lean Muscle Mass; InterMAT, Intermuscular Adipose Tissue.

Table 2: Subgroup analysis for osteoarthritis and osteoporosis.

MET-hours/week, whereas Alzahrani et al.*' set >21
MET-hours/week as the cut-off. In accordance, Fett
et al.* showed a higher prevalence of back pain in elite
athletes than in the active general population. However,
it should be emphasized that our study did not differ-
entiate between leisure time and occupational physical
activity. This distinction is crucial, as occupational
physical activity can often involve repetitive and stren-
uous movements that may contribute to musculoskel-
etal issues. Interestingly, individuals with higher
symptom burden had lower LMM and higher Inter-
MAT, regardless of the physical activity level. Although
this finding underscores the importance of imaging
techniques to identify structural changes in CBP, im-
aging cannot capture functional deficits. Conversely,
relying solely on functional assessments like electro-
myography (EMG) can also be insufficient or even
misleading, as EMG may show unchanged or increased
muscle activation in CBP.* Therefore, a comprehensive
evaluation of CBP must integrate both morphological
and functional assessment.

Since muscle composition itself can also be
modeled* through physical activity, our results empha-
size that a general recommendation for physical activity
is insufficient for CBP. Instead, targeted exercise pro-
grams are required, which, given the multidimensional
nature of the condition, should ideally be tailored to the
individual.* While our findings suggest that increasing
LMM and reducing InterMAT potentially mitigates CBP
symptoms, recent evidence indicates that exercises
aimed to improve muscle morphometry, such as motor
control exercises, show only modest effects.'* Conse-
quently, further research is warranted to better define
the relationship between targeted exercises, muscle
composition, and clinical outcomes in CBP.

The interplay between LMM and InterMAT is com-
plex and can be modeled through various signaling
pathways.” Our work presents initial findings on the
impact of this interplay on clinical endpoints. Besides
synergistic associations, which lead to substantially
increased or decreased odds ratios for CBP depending
on the combination of favorable or unfavorable Inter-
MAT and LMM deviations, InterMAT appears to exert
compensatory or suppressive effects on favorable or
unfavorable deviations in LMM, respectively. This
finding underscores the importance of considering both
LMM and InterMAT in conjunction, rather than in
isolation, when assessing CBP risk and developing
intervention strategies.

Our work has several limitations. Foremost the
cross-sectional design only shows associations for
InterMAT and LMM and does not allow for causal
inference or the identification of underlying mecha-
nisms. The segmentation masks do not differentiate
between the multifidus and erector spinae muscles,
despite evidence suggesting distinct patterns of
involvement in chronic back pain. While the literature
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regarding their individual contributions remains
inconclusive,”** our methodology analyzes these
muscles as a combined muscle group. Future research
should focus on developing scalable segmentation
models to delineate these muscle groups individually
and better understand their specific roles in pain
mechanisms. Physical activity was assessed via self-
report, introducing potential recall bias and desirability
bias.” For OA, information regarding localization and
severity was lacking. Although both spinal and periph-
eral degenerative changes appear to be associated with
alterations in muscle composition, the underlying
mechanisms are likely not comparable, which limits the
interpretability of our study. Other factors that may in-
fluence muscle composition, such as scoliosis, nutri-
tional status, and spinal phenotypes, were not included
in the analysis. Additionally, psychological factors and
lifestyle factors, such as sleep deprivation, which recent
studies suggest can significantly influence pain in-
tensity,”**! were not evaluated. Notably, one ultrasound-
based study by Pinto et al.*> found that the association
between muscle composition and both pain intensity
and disability disappeared when psychological factors
were accounted for. However, this study did not assess
InterMAT, which may be more relevant given our re-
sults. These findings underscore that chronic back pain
is a complex, multifaceted condition, and future studies
should adopt comprehensive approaches that integrate
both biological, psychosocial and lifestyle factors to fully
explore its underlying mechanisms.

This study demonstrates the value of incorporating
muscle composition assessment into a comprehensive
risk evaluation framework for CBP management across
Europe. Advanced imaging techniques enable objective
quantification of muscle composition. When integrated
with psychological, biomechanical, and lifestyle factors,
this multifactorial approach can support healthcare
systems in developing targeted interventions, such as
personalized exercise programs and tailored lifestyle
modifications, potentially mitigating the significant
economic and societal burden of CBP.
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