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A B S T R A C T

Objectives: In our previous study, we reported that low back pain (LBP) severity and disability significantly
correlate with body composition and several blood biochemical factors. Herein, we tested the hypothesis that
these covariates are associated with anatomical deformations of the lumbar spine, in particular, radiographic facet
joint osteoarthritis (FJOA) and lumbar disc degeneration (LDD) features important contributors to LBP.
Methods: CT and MRI images of the lumbar spine were obtained from 200 individuals suffering from LBP-sciatica.
We examined the FJOA and total LDD score - the sum of the scores of the three radiographic features (inter-
vertebral disc herniation, osteophythosis and spondylolisthesis) at the L1 - S1 vertebral levels. By implementing a
bioelectrical impedance analysis, we assessed the participants for body composition, specifically, extracellular
water (ECW). Plasma levels of growth and differentiation factor 15 (GDF-15) and visceral adipose tissue-derived
serine protease inhibitor (vaspin), were detected by ELISA.
Results: By conducting a series of multivariable regression analyses, we report that the circulating levels of GDF-
15, vaspin, and ECW are significantly and independently associated with FJOA scores [βGDF15 ¼ 0.38 � 0.08, p ¼
0.0001; βVASPIN ¼ 0.36 � 0.07, p ¼ 0.000004; βECW ¼ 0.24 � 0.07, p ¼ 0.002]. The levels of GDF-15 (β ¼ 0.30 �
0.10, p ¼ 0.007) and ECW (β ¼ 0.20 � 0.09, p ¼ 0.03) were also found significantly associated with the LDD
scores.
Conclusion: The obtained new data suggest that GDF-15, vaspin and ECW may serve as biomarkers for FJOA and
LDD phenotypes.
1. Introduction

Musculoskeletal pain disorders, specifically, low back pain (LBP) are
the leading cause of years lived with disability, affecting 70%–85% of the
population worldwide [1,2]. However, the pathogenesis of this multi-
factorial condition is still not fully understood. We recently reported that
complex, age-associated and most probably, hierarchical relationships
exist between LBP disability, inflammation-related soluble markers, body
composition parameters, and the sideways curve of the spine – scoliosis
[3,4]. However, it is unclear whether these factors affect LBP via
spine-morphological changes, such as spinal osteoarthritis, specifically,
facet joint osteoarthritis (FJOA) and lumbar disc degeneration (LDD),
acknowledged as the major contributors to LBP [5].

FJOA is strongly associated with lumbar disc herniation [6]. The
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prevalence of FJOA-related spinal pain in the general population in-
creases with age [7]. Similar to other osteoarthritis phenotypes, the
radiographic characteristics of FJOA include joint space narrowing,
subchondral bone erosions, osteophyte formation, etc. [8] Nevertheless,
as of today, FJOA has been less studied compared to other osteoarthritis
phenotypes, and other pathological changes in spine anatomy, in
particular LDD [8]. LDD, defined as the wear and tear of the lumbar disc
that acts as a cushion for the spine, can occur at any level, but most often
at the L3-L4 and L5-S1 vertebrae [9]. Lumbar intervertebral disk (IVD) is
composed of an annulus fibrosus (AF) and a nucleus pulposus (NP) [10],
both comprised primarily of water, reaching 80–85% of the healthy NP,
and up to ~65% in the outer AF [11]. Whilst LDD progresses, the IVD
loses water content and height, leading to a loss of flexibility, elasticity,
shock absorption and segmental instability, causing degenerative
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spondylosis, affecting the facet joints and surrounding soft tissue, thus
resulting in canal narrowing also known as degenerative stenosis [12].

Extracellular water (ECW) content serves as an important predictor of
the health/disease status in a variety of diseases, e.g. by predicting
mortality in hemodialysis patients [13]. ECW has been found to be
associated with LBP severity [3,14]. Chronic, systemic inflammation
manifested by the enhanced production of diverse pro-inflammatory
cytokines, may be involved in the pathogenesis of spinal degenerative
disorders [15]. Several cytokines have been found to correlate with LDD
progression, accompanied by a reduction in NP cell numbers, a deterio-
ration of the IVD microenvironment, herniation and radicular pain [16].

We have recently reported that plasma levels of GDF-15, and adipo-
kine vaspin, are significantly and independently associated with LBP
severity [3,14,17]. Interestingly, circulating levels of these blood factors
were found to be associated with several body composition parameters
[14,18], and both factors were found to be associated with the inflam-
mation process [18,19]. However, the associations of GDF-15 and vaspin
with degenerative lumbar vertebrae disorders have as yet not been
assessed.

Therefore, the major aim of the present study was to evaluate the
extent to which the FJOA and LDD radiological manifestations are
associated with the plasma levels of GDF-15, vaspin, and body compo-
sition characteristics.

2. Materials and methods

2.1. Study design

This is a case-control, community-based, cross-sectional study,
comprised of families with a relatively high prevalence of LBP [20].

2.2. Sample

The data were collected from 1078 individuals in the city of Sakhnin
(in the Northern District of Israel) from 1/2014-1/2021, and focused on
an ethnically homogeneous Arab population in Israel. The family-based
design was required to both diminish the genetic heterogeneity and
enrich the sample for familial LBP cases. In such a design, LBP-affected
cases (N ¼ 447) and non-affected controls (N ¼ 522) were the mem-
bers of the same 98 nuclear and more complex three-generation families.
The inclusion criteria included: the families were selected via a proband
(<45 years of age), previously diagnosed with LBP by a physician,
confirmed by an orthopedist, and had at least one first-degree relative
diagnosed with a similar LBP condition. The exclusion criteria were as
follows: (1) a spinal fracture or surgery within the past 2 years; (2)
congenital anomalies; (2) traumatic or tumorous disorders; (3) severe
heart problems; (4) and/or <18 years of age. All individuals in the study
sample, regardless of their LBP status (both cases and LBP negative
controls), were assessed by certified and experienced nurses, and de-
mographic data, anthropometric, body composition measurements, and
blood samples were collected from each individual. Blood samples were
used to assay plasma concentrations of biochemical factors relevant to
this study. Further details have been reported in our recent studies on this
subject [3,21].

This research was approved by the IRB-Helsinki Committee (Number:
042/2013K, Date: November 04, 2013) of the Meir Medical Center, Kfar
Saba, Israel, and the Ethics Committee of Tel Aviv University, Tel Aviv,
Israel. Written informed consent was obtained from all participants prior
to their inclusion.

2.3. Low back pain evaluation

LBP was assessed by an orthopedic physician. Two self-reported
questionnaires were employed: the Medical Research Council Nurses’
Study questionnaire (MRCQ) [22] and the Rolland-Morris Disability
questionnaire (RMDQ) [23]. A detailed description of the corresponding
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methods and obtained results have been recently described elsewhere
[14].

2.4. Imaging parameters

Of the 447 participants afflicted with LBP-sciatica, 200 individuals,
aged 18 to 75, had undergone MRI or CT imaging of the lumbar spine in
local hospitals between January 01, 2016 and December 31, 2020. An
experienced orthopedic surgeonmasked to any clinical and prior imaging
data, reviewed all images. The scored FJOA and LDD-related phenotypes
were assessed over the five lumbar discs (L1 to L5) and the sacral base S1.
For MRI/CT reading, transverse plane images as well as sagittal and
coronal reconstruction were used, where needed. To evaluate the validity
of the FJOA and LDD features’ assessment, an intra-observer reliability
test was undertaken. The 20 MRI/CT images were examined twice prior
to the present study and assessed over a two-week interval between the
two measurements. Validity was evaluated by the intraclass correlation
coefficient (ICC) [24]. The ICC estimates were all >0.9, i.e., 0.975 (95%
CI, 0.93–0.99), between the measurements of FJOA and summary LDD
phenotype LSUM (described below).

2.5. Assessing FJOA and LDD related features

LDD-related phenotypes of each IVD (between L1 and S1) were
assessed as to the extent of IVD herniation, osteophytosis, and spondy-
lolisthesis/lysis, as follows: FJOA: four grades of FJOA were defined
using criteria similar to those published by Pathria et al. [25]: 0-normal
facets, 1-narrowing of the facet joint, 2-narrowing plus sclerosis or hy-
pertrophy, 3-severe osteoarthritis with narrowing, sclerosis, and
osteophytes.

Disc herniation (DSH) was assessed according to the Michigan State
University (MSU) classification [26], dividing four grades according to
the size of disc herniation: 0- no disc herniation; 1- the disc herniation
extends up to or less than 50% of the distance from the non-herniated
posterior aspects of the disc to the intra-facet line; 2-the disc herniation
extends up to or more than 50% of the distance from the non-herniated
posterior aspects of the disc to the intra-facet line; 3-the herniation ex-
tends completely beyond the intra-facet line.

Spondylolisthesis/lysis (SPL): the lumbar spine was reviewed for each
case using bone window. Spondylolysis and spondylolisthesis were
defined as present or absent (dichotomous indices) for each subject.

Osteophytosis (OSP): Radiographic features related to lumbar OSP at
each study vertebral level were classified into four groups: grade 0, grade
1-minor appearance of the single osteophytes, grade 2-mild change and
grade 3-severe change.

The combined grades of each of the radiographic features (FJOA,
DSH, SPL and OSP) of the entire lumbar area (from L1/L2 to L5/S1), were
subsequently computed. Herein, we examined the summary scores ob-
tained for FJOA and the sum of the combined scores for the remaining
three LDD phenotypes. This phenotype was defined as LSUM.

2.6. Anthropometric and body composition assessment

Demographic, anthropometric and body composition data have been
recently described in detail elsewhere [17]. Briefly, we used an anthro-
pometrically measured body mass index (BMI) in kg/m2 and waist-to-hip
ratio (WHR) in mm/mm. Body composition measures have been assessed
by the bioimpedance (BIA) method using the BIA101 device (Akern
Bioresearch, Italy) [27]. BIA is a safe, reliable, simple, accurate, and
inexpensive method employed to assess a variety of body composition
parameters [28]. In our study, this device evaluated the following body
composition parameters: fat mass (FM), skeletal muscle mass (SMM) in
kilograms, ECW and total body water (TBW). ECW was chosen due to its
fundamental physiological significance [29], and examined as the
ECW-to-TBW ratio (ECW/TBW). As body mass components are strongly
inter-correlated and depend on body weight, they were examined as



Table 1
Descriptive statistics of the study variables. A: Summary scores of FJOA- and
LDD-related phenotypes. Each score summed over scores of the five lumbar discs
L1/L2 - L5/S1. B: Body composition and circulating factor measurements.

Males
(N ¼
110)

Females
(N ¼ 90)

Measurement Mean �
SE

95% CI Mean � SE 95% CI P*

A. FJOA and LDD phenotypes
FJOA 0.50 �

0.13
(0.23,
0.76)

1.04 �
0.23

(0.57,
1.51)

0.03#

Disc herniation 2.95 �
0.26

(2.41,
3.48)

2.46 �
0.24

(1.97,
2.95)

0.18#

Osteophytosis 0.83 �
0.17

(0.47,
1.19)

1.45 �
0.28

(0.88,
2.02)

0.07#

Spondylolisthesis 0.01 �
0.01

(-0.01,
0.05)

0.17 �
0.04

(0.07,
0.26)

0.003#

LSUM 3.80 �
0.37

(3.04,
4.55)

4.09 �
0.44

(3.21,
4.97)

0.61#

B. Potential Covariates
Age (y) 45.97 �

1.55
(45.85,
49.08)

50.08 �
1.50

(47.08,
53.09)

0.05

BMI (kg/m2) 26.89 �
0.50

(25.88,
27.90)

30.79 �
0.67

(29.43,
32.14)

0.00001

WHR 0.92 �
0.008

(0.91,
0.94)

0.91 �
0.01

(0.89,
0.93)

0.34

FM/WT 0.25 �
0.006

(0.24,
0.26)

0.38 �
0.009

(0.37,
0.40)

0.001

SMM/WT 0.37 �
0.005

(0.36,
0.38)

0.27 �
0.004

(0.26,
0.28)

0.001

ECW/TBW 0.46 �
0.005

(0.45,
0.47)

0.50 �
0.006

(0.48,
0.51)

0.00001

GDF-15 (pg/ml) 1.82 �
0.01

(1.80,
1.84)

1.83 �
0.01

(1.80,
1.85)

0.70

Vaspin (pg/ml) 5.87 �
0.12

(5.63,
6.12)

6.22 �
0.16

(5.89,
6.56)

0.09

Data are presented as mean�standard errors with 95% confidence intervals;
FJOA, facet joint osteoarthritis, LDD, lumbar disc degeneration; LSUM, summary
score for three LDD phenotypes (disc herniation, osteophytosis and spondylo-
listhesis); BMI, body mass index; WHR, waist-to-hip ratio; FM/WT, fat mass/
weight ratio; SMM/WT, skeletal muscle mass/weight ratio; ECW/TBW, extra-
cellular water-to-total body water ratio; GDF-15, growth and differentiation
factor 15. *Independent sample t-test for mean value comparison between males
and females. # These variables were also compared by the Mann-Whitney test:
for the FJOA and spondylolisthesis the P-values were: p ¼ 0.03, p ¼ 0.003
respectively; the P-values were >0.05 for all the rest.
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ratios to body weight, i.e., FM/W and SMM/W.

2.7. Soluble biomarker analysis

Venous blood samples obtained by venipuncture following overnight
fasting underwent centrifugation at 1800 g for 15 min at 4 �C within 1 h
after collection. Plasma samples were separated and stored in aliquots at
�80 �C until usage. Circulating levels of GDF-15, and vaspin were
detected by ELISA using DuoSet kits (R&D Systems, Minneapolis, MN,
USA), according to the manufacturer's protocols. All the measurements in
the sample were above theminimal detection level: 7.8 pg/ml for GDF-15
and 49.6 pg/ml for vaspin. The intra- and inter-assay coefficients of
variation were between 2.3% and 6.3%, indicating good reliability of the
assessment. Due to a significant deviation of the respective distributions
of the biomarker's circulating levels from the normality assumptions, the
original measurements of these factors were subjected to a log-normal
transformation and standardized prior to analysis.

2.8. Statistical analysis

Statistical analysis of the data was conducted using Statistica 64
(TIBCO Software, Version 13.5). All the measurements in the sample
were compared between sexes by the t-test. Descriptive statistics were
reported as mean and standard error based on the data distribution for
continuous variables. Data analysis included identification of the major
potential predictors from each group of variables, body composition and
soluble markers using the linear regression and correlation analysis with
simultaneous adjustment for age and sex, with FJOA and LDD-
phenotypes as dependent variables. Subsequently, the best potential
predictors were simultaneously examined by multiple logistic regression
analyses.

3. Results

The basic descriptive statistics, according to sex of all the study var-
iables, are presented in Table 1. FJOA, osteophytosis and spondylolis-
thesis scores tended to be higher in females, even though osteophytosis
values did not reach statistical significance. Several body compositions
variables, such as BMI, FM/WT and ECW were significantly higher in
women in comparison with men, whereas, SMM/WT was higher in the
men. Both biochemical factors (GDF-15 and vaspin) displayed no sig-
nificant difference between males and females. Since all the variables
were significantly age-dependent (Table S1, supplementary material),
age effect was taken into account in all the following analyses.

FJOA and each of the LDD phenotypes correlated significantly with
most of the studied covariates, independently of age and sex (Table 2),
but also correlated significantly with one another (Table S2). To avoid
redundancy, we opted to focus on FJOA and LSUM, which showed most
significant and consistent correlations with the studied covariates
(Table 2). Since body composition variables were also significantly inter-
correlated (Table S1), we implemented the same approach by selecting
the most independent parameters, namely, the WHR, SMM/W and ECW
in order to test their association with the FJOA and LSUM.

Preliminary comparison of FJOA and LSUM in individuals with low vs
high severity scores of the disease based on the RMDQ scores (1st quarter
of the distribution vs 4th quarter) of our data showed that they are highly
significantly different (p < 0.00001), by both parametric and nonpara-
metric tests. Thus, FJOA scores were: 0.07 � 0.05 (95%CI: 0.03–0.17) vs
4.00 � 0.65, (95%CI: 2.58–5.41), and for LSUM: 1.92 � 0.23 (95%CI:
1.44, 2.40) vs 6.46 � 0.91 (95%CI: 4.47, 8.44).

To simultaneously test the extent of the associations between the
selected covariates on the one hand, and FJOA and LSUM on the other
hand, a multiple logistic regression analysis was applied in two stages.
First, we tested which of the selected body composition variables would
significantly and independently associate with FJOA and LSUM
(Table 3). Next, all the covariates were simultaneously examined in
3

similar design analyses. The results were virtually the same, and indi-
cated that the ECW consistently, significantly and independently asso-
ciated with both FJOA and LSUM, regardless of other covariates
(Table 4). Of interest, in both analyses, the associations of the FJOA and
LSUM with WHR and SMM/W were completely removed by the ECW.
GDF-15 levels were highly significantly associated with FJOA and LSUM,
regardless of the adjustment. Vaspin levels were highly significantly (p ¼
0.000004) and independently associated with FJOA. However, it was
found not associated independently and significantly with LSUM.

Interestingly, the FJOA did not show independent association with
age, while being significantly associated with GDF-15, vaspin and ECW,
as shown in Table 4, for the entire sample. The example of the FJOA
manifestations (CT scans) are given in Fig. 1. The figure also provides
their scores and corresponding plasma levels of the GDF-15, vaspin, and
ECW. The figure compares two LBP- affected individuals with clearly
observed FJOA manifestation with non-LBP individual having healthy
facet joints.

4. Discussion

Atkinson et al. [30] defined a biomarker as “a characteristic that is
objectively measured and evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmacologic responses to a

https://en.wikipedia.org/wiki/TIBCO_Software


Table 2
Spearman correlations between the scores of FJOA and LDD phenotypes and their potential covariates by sex.

Covariate Gender FJOA Disc herniation Osteophytosis Spondylolisthesis LSUM

Age (y) Males 0.39, p < 0.001 0.36, p ¼ 0.002 0.53, p < 0.001 �0.25, p ¼ 0.04 0.50, p < 0.001
Females 0.44, p < 0.001 0.19, p ¼ 0.158 0.44, p ¼ 0.007 0.13, p ¼ 0.338 0.40, p ¼ 0.008

BMI (kg/m2) Males 0.21, p ¼ 0.247 0.17, p ¼ 0.09 0.13, p ¼ 0.337 �0.18, p ¼ 0.168 0.17, p ¼ 0.08
Females 0.38, p ¼ 0.001 0.11, p ¼ 0.680 0.40, p < 0.001 0.11, p ¼ 0.387 0.35, p ¼ 0.009

WHR Males 0.09, p ¼ 0.454 0.07, p ¼ 0.678 0.09, p ¼ 0.781 0.47, p < 0.001 0.13, p ¼ 0.490
Females 0.27, p ¼ 0.04 0.22, p ¼ 0.07 0.21, p ¼ 0.114 0.12, p ¼ 0.312 0.29, p ¼ 0.01

FM/WT Males 0.31, p ¼ 0.01 0.14, p ¼ 0.181 0.17, p ¼ 0.257 �0.24, p ¼ 0.06 0.16, p ¼ 0.156
Females 0.34, p ¼ 0.004 0.12, p ¼ 0.569 0.29, p ¼ 0.008 0.08, p ¼ 0.502 0.31, p < 0.01

SMM/WT Males �0.35, p ¼ 0.003 �0.26, p ¼ 0.03 �0.28, p ¼ 0.04 0.29, p ¼ 0.02 �0.31, p ¼ 0.01
Females �0.30, p ¼ 0.001 �0.26, p ¼ 0.03 �0.24, p ¼ 0.05 �0.07, p ¼ 0.580 �0.37, p < 0.01

ECW/TBW Males 0.44, p ¼ 0.002 0.19, p ¼ 0.015 0.33, p ¼ 0.01 �0.20, p ¼ 0.131 0.30, p ¼ 0.03
Females 0.36, p ¼ 0.004 0.28, p ¼ 0.03 0.28, p ¼ 0.03 0.18, p ¼ 0.163 0.37, p ¼ 0.004

GDF-15 (pg/ml) Males 0.35, p ¼ 0.003 0.33, p ¼ 0.02 0.11, p ¼ 0.364 0.01, p ¼ 0.99 0.28, p ¼ 0.001
Females 0.46, p < 0.001 0.41, p ¼ 0.005 0.42, p < 0.001 0.35, p ¼ 0.01 0.54, p < 0.001

Vaspin (pg/ml) Males 0.15, p ¼ 0.08 �0.17, p ¼ 0.246 �0.09, p ¼ 0.90 �0.05, p ¼ 0.673 �0.16, p ¼ 0.360
Females 0.40, p ¼ 0.001 0.02, p ¼ 0.661 0.11, p ¼ 0.929 0.32, p ¼ 0.01 0.08, p ¼ 0.527

Spearman correlations and corresponding p-values for all the tests are shown after adjustment for age; FJOA, facet joint osteoarthritis; LDD, lumbar disk degeneration;
LSUM, summary score for three LDD phenotypes (disc herniation, osteophytosis and spondylolisthesis); BMI, body mass index; WHR, waist-to-hip ratio; FM/WT, fat
mass/weight ratio; SMM/WT, skeletal muscle mass/weight ratio; ECW/TBW, extracellular water-to-total body water ratio.

Table 3
Multiple regression analysis: associations of the FJOA and LSUM scores with the body composition measurements.

Dependent Variable: FJOA Dependent Variable: LSUM

Independent Beta SE of Beta t P Beta SE of Beta t P
Age 0.29 0.10 2.82 0.005 0.45 0.10 4.13 0.00007
WHR 0.04 0.09 0.48 0.629 �0.08 0.09 �0.84 0.40
SMM/WT �0.09 0.09 �0.99 0.322 0.07 0.09 0.81 0.41
ECW/TBW 0.24 0.09 2.64 0.009 0.20 0.09 2.04 0.03

Beta represents standardized coefficients; SE, standard error; FJOA, facet joint osteoarthritis; LSUM, summary score for three LDD phenotypes (disc herniation,
osteophytosis and spondylolisthesis); WHR, waist-to-hip ratio; SMM/WT, skeletal muscle mass/weight ratio; ECW/TBW, extracellular water-to-total body water ratio.

Table 4
Multiple regression analysis: associations of FJOA and LSUM scores with the plasma levels of the soluble biomarkers and body composition measurements.

Dependent Variable: FJOA Dependent Variable: LSUM

Independent Beta SE of Beta t P Beta SE of Beta t P
Age 0.13 0.09 1.46 0.146 0.19 0.11 1.70 0.09
ECW/TBW 0.24 0.07 3.14 0.002 0.20 0.09 2.04 0.03
GDF-15 (pg/ml) 0.38 0.08 4.26 0.0001 0.30 0.10 2.90 0.004
Vaspin (pg/ml) 0.36 0.07 4.90 0.000004 �0.01 0.08 �0.13 0.89

Beta represents standardized coefficients; SE, standard error; FJOA, facet joint osteoarthritis; LSUM, summary score for three LDD phenotypes (disc herniation,
osteophytosis and spondylolisthesis). ECW/TBW, extracellular water-to-total body water ratio.
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therapeutic intervention”. However, taking into account the poor un-
derstanding of the mechanisms underlying the pathogenesis of FJOA and
LDD, considered as one of the main factors in the development of LBP
[31], meeting such a requirement is not a simple task. Nevertheless, in
our study, we report that elevated GDF-15 plasma levels and ECW are
highly significantly and independently associated with FJOA and LSUM
scores assessed by MRI or CT imaging. The vaspin plasma levels dis-
played a highly significant correlation with the FJOA scores. These ob-
servations suggest that GDF-15, vaspin and ECW levels may serve as
systematic biomarkers of FJOA and/or LDD.

These findings raise the question as to the role of GDF-15, vaspin and
ECW in the development of LDD and FJOA. GDF-15 belongs to the
transforming growth factor beta (TGFβ) superfamily of cytokines. In in-
flammatory conditions, multiple cell types have been shown to release
GDF-15, including epithelial cells, vascular smooth muscle, macrophages
and adipocytes [32,33]. Secretory GDF-15 is released into the blood-
stream or slowly released into the extracellular medium [34]. Elevated
circulating levels of GDF-15 have been observed in patients suffering
from LBP [3,17], OA [35], rheumatoid arthritis (RA) [36] and various
types of skeletal muscle pathology [37]. A close correlation of elevated
plasma levels of GDF-15 with FJOA and LDD (current study) as well as
4

with LBP severity and disability [3,17] suggests its involvement in the
pathogenic FJOA/LDD/LBP link. However, the source of enhanced
GDF-15 production in spinal degenerative disorders as well as its func-
tional role, as mentioned, remains unknown. A recent study reported that
GDF-15 is secreted by the skeletal muscle during exercise, promoting
lipolysis, thus suggesting that elevated circulating levels of GDF-15 may
provide a beneficial rather than detrimental effect [37]. Accordingly,
elevated plasma levels of GDF-15 found herein and in our previous
studies may indicate its beneficial (probably protective) rather than
detrimental role in the FJOA/LDD/LBP link [3,17]. However, the issue of
“beneficial vs harmful” effects of GDF-15, at least in skeletal muscular
disorders, is still challenging [38]. The role of GDF-15 in
FJOA/LDD-associated LBP should be verified further in controlled, lon-
gitudinal studies.

Our study also revealed that elevated vaspin plasma levels signifi-
cantly and independently correlate with FJOA. We recently found a
statistically significant association of vaspin plasma levels with several
manifestations of LBP severity [3,14]. Vaspin is expressed in a variety of
tissues including adipose, skin, stomach and skeletal muscle, but is
released into circulation mainly by visceral adipose tissue [39,40]. As to
joint pathology, vaspin serum levels did not significantly differ in



Fig. 1. Axial computed tomography images depicting the anatomical variation in the articular surface of the facet joints. Figure presents two typical examples of FJOA
appearance in two LBP individuals vs a healthy individual. (A) The L2/L3 facet joints of a 49-year-old woman without FJOA (score ¼ 0, considered normal); (B) a 51-
year-old woman with LBP accompanied by sciatica and FJOA, joint space narrowing in the right side with osteophyte, and subchondral cyst of L4/L5; (C) a 52-year-old
woman with LBP accompanied by sciatica and FJOA: C1, degenerative facet joint of L3/L4 with osteophytosis in the right side (arrow), and C2, degenerative facet
joint of L4-5 with the osteophytosis in both sides. The individuals have the following FJOA scores: A ¼ 0, B ¼ 5 and C ¼ 9. Corresponding levels of soluble biomarkers
and ECW are presented in the table.
Covariate Control, A Case, B Case, C

GDF-15 (pg/ml) 427.85 1278.38 1675.45
Vaspin (pg/ml) 254.99 603.59 14156.16
ECW/TBW 0.52 0.63 0.66
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patients afflicted with juvenile idiopathic arthritis compared to healthy
controls. No association was found between disease activity and vaspin
levels [41]. In patients with ankylosing spondylitis, however, low vaspin
levels were found associated with endothelial dysfunction [42]. In RA
patients, elevated serum levels of vaspin were found associated with
inflammation and the development of clinical manifestations [43].

In our previous study, we found that vaspin plasma levels highly
significantly associate with several LBP phenotypes, with the odds ratios
ranging between 1.24 (95%CI ¼ 1.03–1.50) and 1.33 (95%CI ¼
1.07–1.64) [14]. Herein, we found a reliable association between the
vaspin levels and radiographic FJOA. However, it did not correlate with
any of the LDD phenotypes. Whether this observation reflects a different
involvement of vaspin in the development of diverse spinal pathologies
remains to be studied. It has been demonstrated that vaspin protects
human osteoblasts from apoptosis [44], suppresses osteoclastogenesis in
the pre-osteoblast cell line [45], and inhibits the IL-1β and the
leptin-induced production of catabolic and pro-inflammatory mediators
in chondrocytes [46]. These observations clearly emphasize the
involvement of vaspin in the pathogenesis of various arthritidies [47].
However, again the question whether the circulating vaspin levels play a
protective vs a detrimental role in these processes remains unclear.
Several studies have suggested that vaspin plays a protective role in the
course of the harmful, mainly inflammatory conditions [48]. If this is
confirmed, we may assume that elevated levels of vaspin found in our
current and previous studies [3,14] reflect vaspin's protective role in the
FJOA/LDD/LBP axis. Thus, although the results are encouraging, they
still require further confirmation and replication.

In the present study, we also observed a significant and independent
association of ECW levels with FJOA and all the LDD phenotypes. Pre-
viously, we observed a clear association of ECW with the severity of LBP
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manifestations [3,14]. These associations could probably be explained in
changes that occur in the IVD and vertebrae due to water loss. The water
leakage from the NP of the IVD is associated with the enhanced pro-
duction of several pro-inflammatory cytokines and the activation of
proteases, which in turn leads to extracellular matrix damage and pain
sensitization which characterize LDD and LBP [49]. The available data
demonstrate that the water content changes after dynamic loading by
physical lumbar exercise are involved in the maintenance of the inter-
stitial matrix in the NP and cartilage in the facet joint [50]. These data
probably provide physiological explanations of our findings on the
consistent associations of ECW levels with LDD and LBP-related pheno-
types, thus implying that it might serve as an important biomarker for
these disorders. This belief, however, has to be verified in future longi-
tudinal studies.

There are several limitations to our study, primarily, the case control,
cross-sectional design, thus, we could not address the temporal rela-
tionship between the onset of biomarker abnormalities and the onset of
spine degeneration. Furthermore, this also restricts drawing the appro-
priate conclusions regarding the causality of the associations found. IVD
specimens used to measure the LDD and LBP biomarkers would be
preferable, but implausible in general population studies. However,
determination of serum/plasma concentrations of several cytokines and
other soluble molecules has been successfully used for monitoring the
initiation, intensity, and progression of human LBP [3,14], and LDD [51].
These obviously could also be done with respect to GDF15 and vaspin. It
should be, however, underlined that despite these encouraging and
promising observations, it is too early to make a clinically- oriented
conclusions regarding the usefulness of these blood markers as bio-
markers of LBP-related conditions. Obviously, it is necessary to replicate
the present results in the independent samples, and, if confirmed, to
clarify whether the observed associations biomarker → anatomical
change (e.g. FJOA)→LBP are causally related. It is of great importance to
clarify whether these factors are markers or factors of the process, and
therefore whether or not they could be used as a therapeutic target.

5. Conclusions

This is the first study providing evidence that FJOA and LDD are
significantly and independently associated with elevated circulating
levels of GDF-15 and ECW, a body composition parameter. FJOA also
correlates significantly with circulating vaspin levels. We suggest that
these factors could serve as systemic biomarkers for spinal degenerative
disorders, providing valuable information as to the degenerative state of
IVD, and the structural/morphological findings observed on imaging.
Moreover, these findings further contribute to our understanding of LDD,
and may eventually lead to new diagnostic and therapeutic options.
Future longitudinal studies will be required to assess the validity of these
factors for identifying discogenic-related LBP, monitoring disease pro-
gression and/or treatment effects, as well as for replication in other
populations.
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