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ABSTRACT

Background and Aim: Chronic low back pain (cLBP) reflects spinal mechanics and low-grade inflammation,
yet most studies treat body mass index (BMI) only as a baseline descriptor. To our knowledge, few studies have
examined adiposity, lumbosacral alignment, inflammatory markers, pain intensity and disability side by side in a
single cLBP cohort, which is the gap the present analysis sets out to fill.

Methods: Forty-two adults with non-specific mechanical cLBP were assessed in one visit. BMI was recorded
and the lumbosacral lordotic angle (LLA) measured on sagittal T2 MRI by the Cobb method. Neutrophil-
to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR) and erythrocyte sedimentation rate (ESR)
came from one venous sample. Pain used the Numerical Pain Rating Scale (NPRS) and disability the Indone-
sian Oswestry Disability Index (ODI). Spearman correlation was primary (Pearson reported alongside);
subgroups (BMI <25 vs >25; men vs women) were compared with Mann-Whitney U.

Results: Mean BMI was 25.2 kg/m?; 47.6% overweight or obese. BMI correlated positively with disability
(Spearman r=0.37, p=0.016). A modest association with ESR appeared only in the Pearson analysis (r= 0.38,
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p=0.012) and did not hold under the primary Spearman test (r=0.21, p=0.183). Pain and LLA links were positive
but non-significant; NLR and MLR were unrelated to BMI. Above BMI 25, median ODI, NPRS and ESR were
higher but non-significant. ESR was far higher in women than men (median 17 vs 8 mm/h; p=0.002).
Conclusion: Higher BMI tracked with greater disability, whereas its link with ESR was inconsistent across
statistical methods and should be read as tentative; the inflammatory ratios were unmoved. Adiposity is an inex-
pensive, modifiable correlate alongside spinal alignment, not a replacement; ESR should be interpreted by sex.
The modest sample (n=42) may have limited the power to detect the weaker associations; longitudinal work is
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Introduction

Chronic low back pain (cLBP) pain between the
lower costal margin and the gluteal folds persisting
beyond twelve weeks has held its place as the leading
global contributor to years lived with disability through
successive Global Burden of Disease reports (1,2). It
is rarely traceable to one lesion. The clinical picture
instead grows out of several overlapping strands: de-
generative change in the discs and facet joints, altered
loading of the spine, a low-grade systemic immune
signal, psychosocial strain, and individual differences
in how pain is processed (2,3). Body weight cuts across
more than one of those strands, which is part of what
makes it interesting. A large meta-analysis by Shiri
and colleagues found that overweight and obese adults
carry a higher prevalence and incidence of low back
pain, with the strongest link seen for care-seeking and
for chronic, rather than transient, pain (4). Two mech-
anisms are usually invoked. The first is mechanical:
extra mass, and abdominal mass in particular, shifts
the line of gravity forward and changes how axial load
is delivered into the lumbosacral junction, which can
accentuate the lordotic curve and load the posterior
elements (4,5). The second is metabolic. Adipose tis-
sue is no longer regarded as inert storage; it behaves
as an endocrine and immune organ, releasing leptin,
interleukin-6, tumour necrosis factor-o and other me-
diators that raise the circulating inflammatory tone as
fat mass climbs (6-8). Both routes the biomechanical

and the inflammatory could feed the peripheral nocic-
eptive input that, against a background of central sen-
sitisation, keeps chronic pain going. The structural side
of this story is captured well by the lumbosacral lordotic
angle (LLA), the Cobb-method angle between the su-
perior endplate of L1 and that of S1 on sagittal im-
aging (9). Both flattened and accentuated curves have
been tied, in clinical and cadaveric work, to uneven disc
loading and compensatory muscle activity (10,11). The
inflammatory side is often probed with inexpensive
haematology indices the neutrophil-to-lymphocyte
ratio  (NLR), the monocyte-to-lymphocyte ratio
(MLR) and the erythrocyte sedimentation rate (ESR)
which have been examined as surrogates of systemic
inflammatory burden in disc degeneration and other
spinal disorders, with mixed results (12-14). What is
less often done is to place body mass at the centre of
the analysis and ask whether it threads through both
axes at once. In a companion report from the same co-
hort, we examined the LLA and these three markers as
direct correlates of pain and disability, and found that
an abnormal angle and a raised ESR carried most of
the signal. Here we turn the lens around. Taking BMI
as the organising variable, we set out to describe how
adiposity relates, within one well-characterised Indo-
nesian cLBP cohort, to lumbosacral alignment, to the
three inflammatory markers, and to pain and disability
and, as a secondary question, whether the inflamma-
tory profile differs by sex. Our intention is descriptive
and hypothesis-generating rather than confirmatory.
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Materials and methods

Study design and setting

This was an analytical, cross-sectional observational
study conducted at Dr. Wahidin Sudirohusodo Gen-
eral Hospital, Hasanuddin University Teaching Hos-
pital, and their affiliated locations in Makassar, South
Sulawesi. Recruitment occurred from October 2025 to
March 2026 at the outpatient neurology and pain clin-
ics. The reporting adheres to the STROBE standard
for cross-sectional studies (15). The cohort, recruitment
period, and primary metrics are consistent with our sup-
plementary study of the same patients; the two publi-
cations tackle distinct enquiries and are designed to be
read in conjunction. The companion research focuses on
the lumbosacral lordotic angle as its main variable, while
the current analysis is structured around body mass in-
dex and incorporates comparisons between lean and
higher adiposity, as well as sex differences, as detailed
below. To prevent repetition, the erythrocyte sedimen-
tation rate is examined solely in relation to body mass
and sex, whereas its correlation with clinical outcomes is
detailed in the accompanying study.

Participants

Eligible participants were people aged 23 to
79 years with non-specific cLBP of mechanical origin
(symptoms persisting for a minimum of twelve weeks)
who underwent a lumbosacral MRI as part of stand-
ard therapy. We excluded individuals with suspected or
proven spinal cancer or infection, prior lumbar surgery,
spondyloarthropathy or other inflammatory arthritis,
active or recent (<4 weeks) febrile illness, haemato-
logical disorders, ongoing corticosteroid or immuno-
suppressive medication, and pregnancy. Consecutive
sampling was employed. In a correlational design an-
ticipating a modest effect (r = 0.45), with a two-sided
o = 0.05 and power of 0.80, the minimum sample size
required was 36; we enrolled 42 to accommodate sub-

group analysis (16).

Data collection and measurements

Following consent, each participant underwent a
systematic history and examination, along with a single

peripheral venous blood sample, which was processed
on the same day at the ISO 15189-accredited hospi-
tal laboratory. Height and weight were assessed during
the patient’s visit when they were attired in light cloth-
ing and barefoot, with BMI computed as weight in
kilos divided by height in meters squared. The WHO
cut-offs established are as follows: underweight is de-
fined as below 18.5, normal weight ranges from 18.5
to 24.9, overweight is classified between 25.0 and 29.9,
and obesity is designated as 30.0 kg/m? or more. For
the subgroup analysis, we categorised the cohort into
a lean group (BMI < 25) and a higher-adiposity group
(BMI = 25). The LLA was quantified on the optimal
mid-sagittal T2-weighted imaging utilising the Cobb
method, defined as the angle between lines drawn
at the superior endplates of L1 and S1, employing
RadiAnt DICOM Viewer (Medixant,
Poland). Measurements were conducted by three sen-

Poznan,

ior neurology residents under the oversight of three
consultant neurologists (MYA, LTL, YG, each pos-
sessing over ten years of experience) and subsequently
verified independently by a consultant neuroradiolo-
gist (JB) who was blinded to the clinical data; dis-
crepancies exceeding 3° were resolved by consensus.
An angle under 30° was designated as hypolordosis,
30-50"asnormal,andabove50°ashyperlordosis(17).The
Neutrophil-to-Lymphocyte ~ Ratio (NLR) and
Monocyte-to-Lymphocyte Ratio (MLR) were calcu-
lated using the percentages of neutrophils and mono-
cytes divided by the percentage of lymphocytes; the
Erythrocyte Sedimentation Rate (ESR) was assessed
via the Westergren method and expressed in mm/h.
Pain experienced throughout the prior week was as-
sessed using the 11-point Numerical Pain Rating Scale
(NPRS), categorising intensity as mild (1-3), moderate
(4-6), or severe (7-10). Disability was evaluated using
the Indonesian-validated Oswestry Disability Index
(ODI v2.1a) and represented as a percentage (18).

Statistical analysis

Analyses were conducted using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY).
Continuous data are presented as mean * SD when
normally distributed and as median (interquar-
tile range, IQR) otherwise; categorical variables are
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reported as counts and percentages. The Shapiro-
Wilk test was employed to assess normality. Due to
the non-normal distribution of NPRS, ODI, NLR,
MLR, and ESR, Spearman rank correlation was uti-
lised as the principal method for continuous pairs, with
Pearson correlation given in instances where a linear
relationship was justifiable. The Mann-Whitney
U test was employed to compare BMI subgroups
(lean versus higher-adiposity) across the two sexes.
A two-tailed p-value of less than 0.05 was considered
significant. Considering the exploratory objective and
the limited sample size, we did not implement formal
corrections for multiple comparisons, although we in-
terpreted borderline results with caution.

Results

Participant characteristics and
body-composition profile

Forty-two adults completed the protocol, with no
missing values for any primary variable. Women were
slightly in the majority (23 of 42, 54.8%) and the mean
age was 49.9 + 14.6 years, spanning 23 to 79. Most were
still in work at recruitment (59.5%). On body compo-
sition the cohort sat, on average, just over the over-
weight threshold: mean BMI 25.2 + 4.4 kg/m? (range
17.8-35.9). Just under half were of normal weight
(20 patients, 47.6%), with 16 (38.1%) overweight, 4
(9.5%) obese and 2 (4.8%) underweight (Table 1).
Splitting the cohort at a BMI of 25 produced two
groups of similar size 22 lean and 20 higher-adipos-
ity patients which we used for the subgroup contrasts
below. Clinically, disability clustered in the moderate
ODI band, as is usual for a tertiary pain clinic, and
pain fell mostly in the moderate-to-severe range.

Distribution of body mass, lumbosacral
lordosis and inflammatory markers

Descriptive statistics for the continuous variables
are set out in Table 2. BMI and the LLA were both
close to normally distributed (Shapiro-Wilk p=0.110
and p= 0.115), whereas the inflammatory markers
and the two clinical scores were right-skewed and

failed the normality test (all p<0.01). ESR carried
the longest tail a median of 13 mm/h but a maximum
of 58 and NLR behaved similarly, with most values
near 2.0 and a single reading as high as 10.0. This
skew is the reason Spearman correlation was chosen
as the primary test, and it matters again when the
Spearman and Pearson estimates for ESR diverge
later on.

Body mass index and lumbosacral alignment

The relationship between BMI and the LLA was
positive but loose. Heavier patients tended to sit at
higher lordotic angles, yet the trend stayed well short
of significance (Spearman r=0.15, p=0.333; Pearson
r=0.23, p=0.136; Figure 1A). The direction is what
one would predict from the mechanical argument
forward shift of load with rising abdominal mass but
the strength of the link in our data is modest, and a
good part of the LLA spread clearly owes nothing to
body mass.

Table 1. Demographic, body-composition and clinical charac-
teristics of the study participants (n = 42).

Variable Category n %
Sex Female 23 | 54.8
Male 19 45.2
Working status | Working 25 | 59.5
Not working 17 | 40.5
BMI category Underweight (< 18.5) 2 4.8
Normal (18.5-24.9) 20 47.6
Overweight (25.0-29.9) 16 38.1
Obese (= 30.0) 4 9.5
Adiposity group | Lean (BMI < 25) 22 52.4
Higher (BMI = 25) 20 | 47.6
NPRS category | Mild (1-3) 8 19.0
Moderate (4-6) 21 50.0
Severe (7-10) 13 31.0
ODI category Moderate (21-40%) 34 | 81.0
Severe (41-60%) 7 16.7
Crippled (61-80%) 1 2.4

Abbreviations: BMI, body mass index; NPRS, Numerical Pain Rating
Scale; ODI, Oswestry Disability Index. Percentages are rounded to one
decimal place.



ACTA BIOMEDICA 2026; VOL. 97, N. 3: 19299 DOI: 10.23750/ABM.2026.19299 5

Table 2. Distribution of the continuous variables (n = 42).

Variable Mean SD Median Min-Max S-w,
BMI (kg/m?) 25.22 4.35 24.96 17.8-35.9 0.110
Age (years) 49.88 14.60 48.5 23-79 0.536
LLA (degrees) 45.02 10.90 45.05 10.5-71.6 0.115
NLR 2.34 1.61 2.00 0.7-10.0 < 0.001
MLR 0.21 0.12 0.20 0.09-0.80 < 0.001
ESR (mm/h) 17.17 12.86 13.0 4-58 < 0.001
NPRS 5.33 2.03 5.0 2-10 0.009
ODI (%) 33.55 9.84 31.0 22-66 < 0.001

S-W p, Shapiro-Wilk p-value for normality. Abbreviations as in Table 1; LLA, lumbosacral lordotic angle; NLR, neutrophil-to-lymphocyte ratio;

MLR, monocyte-to-lymphocyte ratio; ESR, erythrocyte sedimentation rate.
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Figure 1. Body mass index against (A) the lumbosacral lordotic angle and (B) the erythrocyte sedimentation rate.
Each point is one participant; the line is the least-squares fit and the inset gives the Spearman statistic (n = 42).

Body mass index and the systemic
infammatory markers

Of the three markers, only ESR moved with body
mass to any convincing degree. The Pearson correlation
between BMI and ESR was moderate and significant
(r=0.38,p=0.012),although the rank-based Spearman es-
timate was weaker and not significant (r=0.21, p=0.183),
a gap that again reflects the long ESR tail (Figure 1B).
The two leukocyte-derived ratios were essentially flat
against BMI: NLR (Spearman r=0.05, p=0.763) and
MLR (Spearman r=0.004, p=0.979) showed no mean-
ingful relationship in either direction (Table 3). In other
words, the inflammatory signal that adiposity carried in

this cohort was confined to the acute-phase marker and
did not reach the differential-count ratios.

Body mass index, pain intensity and
functional disability

This is where the clearest finding sat. BMI corre-
lated positively and significantly with disability: patients
with a higher body mass reported higher ODI scores
(Spearman r=0.37, p=0.016; Figure 2A), the Pearson es-
timate sitting just at the margin (r=0.30, p=0.055). The
relationship with pain pointed the same way but was
weaker and not significant (Spearman r=0.18, p=0.256;
Figure 2B). Read together, the pattern suggests that
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body mass tracked the functional consequences of cLBP
more closely than the raw pain rating a dissociation that
is worth keeping in mind, since disability and pain in-
tensity are not interchangeable outcomes.

Lean versus higher-adiposity subgroups:
a categorical view

Dichotomising at a BMI of 25 told a consistent
but quieter story (Table 4, Figure 3). On every clinical
and inflammatory measure the higher-adiposity group
sat above the lean group a higher median ODI (34.3%
vs 29.0%), a higher NPRS (5.5 vs 5.0) and a higher
ESR (15.5 vs 12.0 mm/h) but none of these contrasts
reached significance, with the ODI difference coming

Table 3. Correlation of body mass index with lumbosacral
alignment, inflammatory markers and clinical outcomes.

Variable pair | Spearmanr | p Pearson r P
BMI vs LLA +0.153 0.333 | +0.234 | 0.136
BMI vs NLR +0.048 0.763 | +0.184 | 0.244
BMI vs MLR +0.004 0.979 | +0.129 | 0.415
BMI vs ESR +0.210 0.183 | +0.383 | 0.012*
BMI vs +0.179 0.256 | +0.174 | 0.272
NPRS

BMI vs ODI +0.369 0.016* | +0.298 | 0.055

Spearman is the primary test given the non-normal distributions; Pear-
son is shown for comparison. * p<0.05.
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closest (Mann—Whitney p=0.111). The LLA followed
the same upward direction (48.6° vs 40.9°, p=0.326).
The lesson is mostly statistical: cutting a continuous
variable into two blunt categories discards informa-
tion, and in a sample of this size the graded BMI-ODI
association of Section 3.5 is the more trustworthy
reading than any threshold contrast.

Sex as a modifier of the inflammatory profile

A clear sex difference surfaced in just one place
the ESR. Women had markedly higher values than
men (median 17 vs 8 mm/h; Mann-Whitney U=94,
$=0.002), the single strongest group contrast in
the whole analysis (Table 5, Figure 4). Women also
tended to carry a slightly higher BMI (median 26.0 vs
24.1 kg/m?, p=0.090), so the heavier ESR readings in
the female group sit alongside, and are hard to disen-
tangle from, both their greater adiposity and the well-
recognised tendency for ESR reference values to run
higher in women on physiological grounds. What did
not differ by sex was the clinical burden itself: men and
women reported almost identical pain (median NPRS
5 in both) and disability (ODI 31% vs 32%, p=0.761),
and their lordotic angles and leukocyte ratios were
comparable. The sex signal, then, is real but narrow it
lives in the ESR, not in the outcomes and it cautions
against reading a raised ESR in a woman with cLBP
the same way one would in a man.
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Figure 2. Body mass index against (A) pain intensity (NPRS) and (B) functional disability (ODI). The
BMI-ODI correlation was the only significant continuous association in the analysis (Spearman r=0.37,

£=0.016).
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Table 4. Alignment, inflammation and clinical outcomes compared between lean and higher-adiposity subgroups

Measure Lean, median (IQR) Higher, median (IQR) U ?

LLA () 40.9 (37.2-53.0) 48.6 (38.0-52.2) 180 0.326
ESR (mm/h) 12.0 (8.0-19.8) 15.5 (6.8-24.2) 204 0.696
NPRS 5.0 (4.0-5.0) 5.5 (4.0-7.0) 182 0.331
ODI (%) 29.0 (26.0-32.5) 34.3 (28.0-40.5) 156 0.111

(Mann-Whitney U test). IQR, interquartile range (25th-75th percentile).
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Figure 3. Pain (A), disability (B) and ESR (C) in lean (BMI < 25, n = 22) versus higher-adiposity
(BMI 2 25, n = 20) participants. Boxes show the median and interquartile range; points are individual values;
p-values are from the Mann-Whitney U test. All three measures trended higher with adiposity without reach-
ing significance.

Table 5. Body composition, alignment, inflammation and clinical outcomes by sex

Measure Men, median (IQR) Women, median (IQR) U ?
BMI (kg/m?) 24.1 (20.8-26.4) 26.0 (23.1-28.5) 151 0.090
LLA () 42.5 (35.6-52.5) 47.1 (38.2-52.2) 176 0.289
NLR 2.0 (1.4-2.7) 2.0 (1.7-2.5) 194 0.535
ESR (mm/h) 8.0 (6.0-13.0) 17.0 (13.0-28.5) 94 0.002 *
NPRS 5.0 (4.0-7.0) 5.0 (4.0-7.0) 236 0.672
ODI (%) 31.0 (28.0-38.5) 32.0 (25.2-37.8) 231 0.761

(Mann-Whitney U test). * p<0.05.

Discussion link did not extend cleanly to pain intensity, and among

the inflammatory markers it touched only the ESR,

Placing body mass at the centre of the analysis,  leaving the leukocyte ratios unmoved. Third, the sharp-

three points emerge. First, of all the continuous vari-  est group difference in the dataset was not driven by

ables we examined, BMI was the one that carried a sig- adiposity at all but by sex, with women showing sub-

nificant association with disability patients with more  stantially higher ESR than men. Each of these deserves
body mass reported higher ODI scores. Second, that  a closer look.
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Figure 4. Erythrocyte sedimentation rate by sex. ESR ran sub-
stantially higher in women than in men (median 17 vs 8 mm/h;
Mann-Whitney p=0.002). Boxes show the median and inter-
quartile range; points are individual values.

Adiposity and the burden of chronic
low back pain

That a higher BMI went with greater disability
fits a sizeable body of work. Shiri and colleagues, pool-
ing dozens of studies, found overweight and obesity to
raise both the prevalence and the incidence of low back
pain, with the firmest association seen for chronic and
care-seeking pain rather than for transient episodes (4).
Urquhart and co-workers went further, reporting that
greater fat mass specifically predicted higher pain inten-
sity and disability (19,20), and a more recent Indone-
sian study tied central adiposity, alongside lordosis and
stress, to back pain in young adults (5). Our finding sits
comfortably in that line. What is perhaps more inter-
esting is the dissociation we saw between disability and
pain: BMI tracked the ODI but not the NPRS. One
reading is mechanical and functional carrying more
body mass makes the very activities the ODI probes
(lifting, walking, sitting tolerance, self-care) physically
harder, quite apart from how intense the pain feels at
rest. Disability, in other words, may be where adiposity
leaves its mark most visibly, which is a useful reminder
that the two outcomes should not be collapsed into one.

Why ESR, and not the leukocyte ratios, moved
with body mass

The split we observed among the inflammatory
markers is biologically coherent. Adipose tissue is an
active endocrine and immune organ,; as fat mass grows,
adipocytes and resident macrophages release more lep-
tin, interleukin-6 and tumour necrosis factor-a, and
these in turn drive hepatic synthesis of acute-phase
proteins such as fibrinogen (6,7,8,21). ESR, a West-
ergren reading that depends heavily on fibrinogen and
immunoglobulins, is well placed to register that slow,
smouldering rise (14). The neutrophil-to-lymphocyte
and monocyte-to-lymphocyte ratios answer to a differ-
ent rhythm: they shift with acute or substantial immune
challenges and are comparatively deaf to the low-grade
inflammation that accompanies adiposity and chronic
musculoskeletal pain (12,13,22). Thus, the fact that
BMI correlated with ESR but not with NLR or MLR
is less a contradiction than a clue to which marker is
sensitive at the low-grade end of the spectrum. The
caveat is the by-now-familiar one: the BMI-ESR as-
sociation was robust under the Pearson assumption but
softer under Spearman, because a handful of high-ESR
patients stretch the distribution. We therefore present
it as suggestive rather than settled.

The sex gradient in ESR

The most striking single contrast in our data
ESR roughly twice as high in women as in men has
to be read with care. Part of it is almost certainly
physiological: ESR reference intervals are conven-
tionally set higher for women and rise further with
age, reflecting differences in haematocrit and plasma
protein profile rather than disease. Part of it may be
adiposity, since the women in our cohort also carried
a somewhat higher BMI. And part may be the kind
of sex-linked difference in pain biology and inflam-
matory response that others have flagged in low back
pain (23,24). We cannot separate these threads in a
sample of this size. The practical message is more
modest but still useful: an ESR value that looks el-
evated in a woman with cLBP should be interpreted
against sex-specific norms before it is read as a marker
of inflammatory burden, and the same number means
something different in a man.
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Body mass alongside, not instead of,
spinal alignment

It would be tempting to cast adiposity as the up-
stream factor that explains both the lordotic angle and
the inflammatory tone, with disability as the common
downstream result. Our data are too thin to support
that tidy a model. BMI’s link to the LLA was only a
weak positive trend, and the lean-versus-higher con-
trast, while uniformly in the expected direction, never
reached significance once the continuous variable had
been chopped into categories. What the cohort does
support is more measured: body mass is one inex-
pensive, modifiable correlate of the disability seen in
cLBP, sitting alongside spinal geometry and inflam-
mation rather than displacing either. In the compan-
ion analysis of these same patients, an abnormal LLA
and a raised ESR each carried independent signal for
the clinical outcomes; the present results add that body
mass deserves a place in that same short list of cheap,
routinely available markers. A composite that weighs
BMI, an alignment measure and a low-cost inflamma-
tory marker together is the natural next step, and one
we intend to test.

Strengths and limitations

The study’s strengths are a prospectively recruited,
well-phenotyped cohort with no missing data; LLA
measurements made by a single standardised tech-
nique under layered supervision and independent neu-
roradiological check; and a transparent reporting of
both rank-based and parametric statistics, so readers
can judge the robustness of each claim. The limitations
are real and constrain how far the findings travel. The
design is cross-sectional, so we cannot say whether
higher body mass precedes or follows the disability it
accompanies. Prospective and life-course evidence will
be needed to settle direction: unmeasured occupational
loading is one such contributor (25), and longitudinal
studies have tied overweight and obesity to incident
low back disorders and to sciatica (26,27). The sam-
ple of 42 is modest, the obese stratum small, and the
analysis deliberately stopped short of multivariable ad-
justment which means we cannot formally disentan-
gle the overlapping contributions of BMI, sex and age
to ESR. BMI itself is a crude gauge of adiposity that

does not separate fat from lean mass or capture cen-
tral distribution, which is the depot most implicated in
inflammation; waist circumference or imaging-based
fat measures would sharpen the question. The inflam-
matory panel was limited to three routine markers,
and more specific mediators (IL-6, TNF-a, hs-CRP,
leptin) would test the mechanism we have invoked
more directly. Finally, we did not measure psychosocial
contributors to disability, which are known to weigh
heavily on ODI scores.

Conclusions

In this Indonesian cross-sectional cohort of
42 adults with chronic low back pain, a higher body
mass index was associated with greater self-reported
disability while its association with the erythrocyte
sedimentation rate was inconsistent across statisti-
cal methods and should be interpreted cautiously,
while showing no relationship with the neutro-
phil- or monocyte-to-lymphocyte ratios and only a
weak trend with lumbosacral alignment. The clearest
single difference in the data was a markedly higher
ESR in women, which should be read against sex-
specific norms. Taken together, the findings position
adiposity as one inexpensive and modifiable correlate
of the functional burden of cLBP worth recording
alongside spinal alignment and a low-cost inflamma-
tory marker, but not a substitute for either. Larger,
longitudinal studies with better measures of body fat,
more specific inflammatory mediators and validated
psychosocial tools are needed before these associa-
tions can be turned into stratification tools.

Ethical Approval and Informed Consent: Approved by the
Health Research Ethics Committee, Faculty of Medicine,
Hasanuddin University (approval 882/UN4.6.4.5.31/PP36/2025).
Procedures followed the Declaration of Helsinki (2013 revision).
Written informed consent was obtained from every participant
before any study procedure.

Conflict of Interest: Each author declares no commercial
associations (consultancies, stock ownership, equity interest,
patent or licensing arrangements) that might constitute a conflict
of interest in connection with this article.



10 ACTA BIOMEDICA 2026; VOL. 97, N. 3: 19299 DOI: 10.23750/ABM.2026.19299

Author Contributions: IS: conceptualisation, design, LLA
measurement, NPRS and ODI administration, data collection,
analysis and drafting. MYA: conceptualisation, supervision, senior
clinical validation of all measurements, interpretation, revision and
final approval. NH: methodology and revision. JB: independent
neuroradiological validation of all LLA measurements. LTL and
YG: senior clinical supervision and validation, interpretation and
revision. All authors read and approved the final manuscript.

Declaration on the Use of Al: The authors used Al-assisted
language tools only for minor grammar and language
checks. No Al tool was used to generate scientific content,
perform analyses, interpret data or prepare references.

All scientific judgements and conclusions are those of the
authors.

Data Availability. All data are available from the corresponding
author on reasonable request (MYA).

References

1. Farley T, Stokke J, Goyal K, DeMicco R. Chronic low back
pain: history, symptoms, pain mechanisms, and treatment.
Life (Basel). 2024;14(7):812. doi: 10.3390/1ife14070812.

2. Mosabbir A. Mechanisms behind the development of
chronic low back pain and its neurodegenerative features.
Life (Basel). 2023;13(1):84. doi: 10.3390/1ife13010084.

3. Shiri R, Falah-Hassani K, Heliévaara M, et al. Risk factors
for low back pain: a population-based longitudinal study.
Arthritis Care Res (Hoboken). 2019;71(2):290-9. doi: 10
.1002/acr.23710.

4.Shiri R, Karppinen ], Leino-Arjas P, Solovieva S,
Viikari-Juntura E. The association between obesity and low
back pain: a meta-analysis. Am ] Epidemiol. 2010;171(2):
135-54. doi: 10.1093/aje/kwp356.

5. Maharani AS, Makkiyah FA, Chairani A, Bustamani N.
A study of correlation of lumbar lordosis, stress and cen-
tral adiposity with low back pain in undergraduate medical
students. ] Korean Neurosurg Soc. 2025;68(5):578-84. doi:
10.3340/jkns.2024.0169.

6.Ouchi N, Parker JL, Lugus JJ, Walsh K. Adipokines in
inflammation and metabolic disease. Nat Rev Immunol.
2011;11(2):85-97. doi: 10.1038/nri2921.

7. Park HS, Park JY, Yu R. Relationship of obesity and vis-
ceral adiposity with serum concentrations of CRP, TNF-a
and IL-6. Diabetes Res Clin Pract. 2005;69(1):29-35. doi:
10.1016/j.diabres.2004.11.007.

8. Okifuji A, Hare BD. The association between chronic pain
and obesity. ] Pain Res. 2015;8:399-408. doi: 10.2147/JPR.
S596149.

9.Jin C, Wang S, Yang G, Li E, Liang Z. A review of the
methods on Cobb angle measurements for spinal curvature.
Sensors (Basel). 2022;22(9):3258. doi: 10.3390/522093258.

10. Chun SW, Lim CY, Kim K, Hwang J, Chung SG. The rela-
tionships between low back pain and lumbar lordosis: a system-
atic review and meta-analysis. Spine J. 2017;17(8):1180-91.
doi: 10.1016/j.spinee.2017.04.034.

11. Hartvigsen J, Hancock M]J, Kongsted A, et al. What
low back pain is and why we need to pay atten-
tion. Lancet. 2018;391(10137):2356-67. doi: 10.1016
/S0140-6736(18)30480-X.

12. Guo K, Zeng J, Lu J, et al. The clinical significance of the
neutrophil-to-lymphocyte ratio as a novel inflammatory
biomarker for assessing the severity of intervertebral disc
degeneration. Front Med (Lausanne). 2024;11:1446124.
doi: 10.3389/fmed.2024.1446124.

13. Zhuang J, Huang Y, Liang G. Clinical significance of
the monocyte:lymphocyte ratio for ankylosing spon-
dylitis patients with thoracolumbar kyphotic deformi-
ties. J Int Med Res. 2020;48(1):300060519893167. doi:
10.1177/0300060519893167.

14.Park CH, Lee SH. Investigation of high-sensitivity C-
reactive protein and erythrocyte sedimentation rate in low
back pain patients. Korean ] Pain. 2010;23(2):147-50. doi:
10.3344/kjp.2010.23.2.147.

15.von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC,
Vandenbroucke JP; STROBE Initiative. Strengthening
the reporting of observational studies in epidemiology
(STROBE) statement. BM]. 2007;335(7624):806-8. doi:
10.1136/bmj.39335.541782.AD.

16. Wang X, Cheng Z. Cross-sectional studies: strengths, weak-
nesses, and recommendations. Chest. 2020;158(1S):S65-71.
doi: 10.1016/j.chest.2020.03.012.

17. Been E, Kalichman L. Lumbar lordosis. Spine J. 2014;14(1):
87-97. doi: 10.1016/j.spinee.2013.07.464.

18. Fairbank JC, Pynsent PB. The Oswestry Disability Index.
Spine (Phila Pa 1976). 2000;25(22):2940-52. doi: 10.1097
/00007632-200011150-00017.

19. Urquhart DM, Berry P, Wluka AE, et al. Increased fat mass
is associated with high levels of low back pain intensity and
disability. Spine (Phila Pa 1976). 2011;36(16):1320-5. doi:
10.1097/BRS.0b013e31819tb66.

20. Ugar 1, Karart1 C, Ciice I, et al. The relationship between
muscle size, obesity, body fat ratio, pain and disability in in-
dividuals with and without nonspecific low back pain. Clin
Anat. 2021;34(8):1201-7. doi: 10.1002/ca.23776.

21. Wellen KE, Hotamisligil GS. Inflammation, stress, and
diabetes. J Clin Invest. 2005;115(5):1111-9. doi: 10.1172
/JCI125102.

22. Teodorczyk-Injeyan JA, Triano JJ, Injeyan HS. Nonspecific
low back pain: inflammatory profiles of patients with acute
and chronic pain. Clin J Pain. 2019;35(10):818-25. doi:
10.1097/AJP.0000000000000745.

23. Bento TPF, Genebra CVDS, Maciel NM, Cornelio GP,
Simedo SFAP, Vitta A. Low back pain and some associated
factors: is there any difference between genders? Braz J Phys
Ther. 2020;24(1):79-87. doi: 10.1016/j.bjpt.2019.01.012.

24. Wing YX, Wing JQ, Kdplir Z. Increased low back pain

prevalence in females than in males after menopause age:



ACTA BIOMEDICA 2026; VOL. 97, N. 3: 19299 DOI: 10.23750/ABM.2026.19299 11

evidences based on synthetic literature review. Quant 26.Shiri R, Lallukka T, Karppinen ], Viikari-Juntura E.

Imaging Med Surg. 2016;6(2):199-206. doi: 10.21037 Obesity as a risk factor for sciatica: a meta-analysis. Am ]
/qims.2016.04.06. Epidemiol. 2014;179(8):929-37. doi: 10.1093/aje/kwu007.
25.Jahn A, Andersen JH, Christiansen DH, Seidler A, 27.Frilander H, Solovieva S, Mutanen P, Pihlajamiki H,
Dalbage A. Association between occupational exposures Helisvaara M, Viikari-Juntura E. Role of overweight
and chronic low back pain: protocol for a systematic review and obesity in low back disorders among men: a longi-
and meta-analysis. PLoS One. 2023;18(5):¢0285327. doi: tudinal study with a life course approach. BMJ Open.
10.1371/journal.pone.0285327. 2015;5(8):¢007805. doi: 10.1136/bmjopen-2015-007805.

Copyright: The Author(s), 2026. Licensee Mattioli 1885, Fidenza, ltaly. This is an open-access article distributed under the terms of
the Creative Commons Attribution NonCommercial License (CC BY-NC-4.0).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in this article are solely those of the author(s) and
contributor(s) and do not necessarily reflect those of their affiliated organizations, the publisher, the editors or the reviewers. The
publisher and the editors disclaim any responsibility for injury to people or property resulting from any ideas, methods, instructions or
products mentioned in the content. Any product that may be evaluated in this article, or claim made by its manufacturer, is not guaran-
teed or endorsed by the publisher.



