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Abstract: Musculoskeletal pain (MSP), specifically low back pain (LBP), is often associated with
several adipose tissue-derived cytokines (adipokines) and body composition, but their correlations
with the LBP-related disability/severity phenotypes remain poorly understood. In this cross-sectional
study, two self-reported validated questionnaires were used to collect back pain and disability
data in an ethnically homogeneous family-based population sample (N = 1078). Plasma levels
of relatively new adipokines, vaspin and adipsin, were detected by ELISA. Body composition
parameters, including fat, skeletal muscle mass, extracellular water (ECW), and others were assessed
through bioelectrical impedance analysis (BIA) technology. Statistical analysis was conducted,
accounting for the familial composition of the sample. The multiple regression analyses with four
LBP-related phenotypes as dependent variables consistently showed, for the first time, the significant
associations with vaspin levels, regardless of other covariates. The odds ratios (OR)/SD ranged
between 1.24 (95%CI = 1.03-1.50) and 1.33 (95%CI = 1.07-1.64), depending on the LBP phenotype.
Among the tested body composition covariates, only ECW levels displayed consistent and highly
significant associations with all tested LBP phenotypes (OR from 1.43, 95%CI = 1.14-1.79 to 1.68,
95%CI = 1.26-2.24). The results clearly suggest that circulating concentrations of vaspin and ECW
levels could serve as biomarkers of MSP/LBP severity and complications.

Keywords: low back pain; disability; body composition; vaspin; extracellular water

1. Introduction

Pain is commonly defined as an unpleasant sensation or physical suffering caused by trauma
or illness. It is often accompanied by anatomical and/or physiological alterations, which, however,
frequently remain uncertain [1]. Therefore, an identification of the reliable biomarkers of pain would
have obvious therapeutic and preventive medicine significance. One of the most common pain
symptoms experienced by people of all ages is musculoskeletal pain (MSP), in particular low back
pain (LBP). LBP is also the number one cause of disability globally affecting >500 million people
at any given time [2]. However, its etiology and pathogenesis are largely unknown. In particular,
the mechanisms determining the transition from acute to chronic stage, intensity of the disease, and
the response to specific therapies are still indeterminate. However, most importantly, there have
been no validated biomarkers found that could enhance our understanding of the mechanisms of
LBP pathophysiology. Previous studies have reported a close association of LBP with sarcopenia of
the paraspinal muscles [3-5], suggesting that skeletal muscle-associated molecules might serve as
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LBP biomarkers. Indeed, we have recently reported a significant association between the circulating
levels of growth and differentiation factor 15 (GDF-15) and LBP disability in a large community-based
sample [6]. Taking into account proposed involvement of inflammation in intervertebral disc (IVD)
degeneration [7-10], the search for peripheral biomarkers has been conducted among pro-inflammatory
factors that revealed, however, the inconsistent results [11,12]. Although controversial, other studies
have suggested obesity as a risk factor in the development of LBP and other MSP syndromes [13-15].
In obesity, adipose tissue (AT) releases a great variety of bioactive molecules, specifically adipokines.
They have been consistently reported to play an important role in several pain conditions, including
chronic widespread pain [16], osteoarthritis (OA) [17,18], bone pathology, and intervertebral disc (IVD)
degradation (IVDD) [19,20]. However, in LBP, the attempts to use adipokines, such as adiponectin and
leptin, as biomarkers revealed inconsistent results [21,22].

Recently, adipokine adipsin, presumably involved in OA pathogenesis [23], has been proposed as
a LBP biomarker [24]. However, this conclusion was drawn from the single study testing a relatively
small sample of both affected and control individuals (1 = 62). A newly discovered adipokine, visceral
adipose tissue-derived serine protease inhibitor (vaspin, SERPINA12) was found to be associated with
obesity in human subjects [25-28]. Moreover, vaspin is produced by skeletal muscle, and apparently
is involved in bone metabolism in an obesity-dependent manner [28,29]. However, no studies have
explored vaspin in relation to LBP.

Association of MSP manifestations with body composition characteristics were also repeatedly
reported [30-33]. Body mass index (BMI) and other anthropometric measures of obesity were found to
be associated with LBP intensity in both men and women [34-36], suggesting the involvement of AT in
LBP pathogenesis. However, in these studies, the peripheral levels of adipokines that can potentially
serve as the peripheral molecular LBP biomarkers, have not been assessed. Therefore, in search for
such biomarkers, the present study aimed to examine the possible combined effect (association) of the
plasma levels of vaspin and adipsin, on the one hand, and body composition components, on the other
hand, on the LBP-related disability in a large, family-based population sample.

2. Materials and Methods

2.1. Sample

The data were collected in outpatient clinics located in Sakhnin, from January 2014 to January
2016, focusing on an ethnically Arab population in Israel, characterized by a stable family structure,
traditional relationships, similar shared living, economic, and professional conditions, with access to
modern medical facilities. It is noteworthy that this population was with high prevalence of LBP in
people of relatively young age (<45) [37]. The families were selected via a proband (<50 years of age)
who was 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 unaffected members (with no
LBP symptomatology) from the same family were considered as the control group. Assessment of
the families was performed in accordance with our detailed protocol and conducted by certified and
experienced nurses as follows.

Each individual, regardless of their LBP status, completed two questionnaires, which have been
implemented in many other studies on this subject. The questionnaires were translated into Arabic and
validated. Demographic data, anthropometric measurements, body composition, and blood sample
were collected. The blood samples were used to assay the plasma concentrations of the biochemical
factors relevant to this study. Data were collected from 1078 individuals belonging to 98 nuclear
families, with one to eleven siblings per family. A total of 26 of the recruited individuals were excluded
due to severe heart problems, pregnancy, and/or for being under 16 years of age. Each participant
signed an informed consent form written in Arabic prior to their participation and data collection. This
research was approved by the IRB-Helsinki Committee (Number: 2013/042K, Date: 04.11.2013) of the
Meir Medical Center, Kfar Saba, Israel, and the Ethics Committee of Tel Aviv University, Tel Aviv, Israel.
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2.2. LBP-Phenotypes

Since LBP is a heterogeneous clinical condition, different etiological factors may contribute to its
disease manifestation and severity. In attempt to cover the variety of the disease manifestations and
accepted clinical assessments, LBP was assessed by an orthopedic physician and two self-reported
questionnaires: the Medical Research Council Nurses” Study questionnaire (MRCQ) and the
Roland-Morris Disability Questionnaire (RMDQ) [38,39]. Our analysis focused on three primary binary
phenotypes: (1) LBP-sciatica—patients with sciatica were identified by the physician, defined as yes vs.
no. The following two phenotypes were determined based on the MRCQ: (2) LBP-duration, defined as
“the duration of pain felt during the past 10 years, more so than 12 months altogether”; (3) LBP-severity,
defined as “During the past 12 months, have you had to take time off from work for at least one
week due to your low back pain?” (yes/no); the fourth LBP phenotype, LBP-disability, was based on
the attained RMDQ scores. RMDQ is a complementary approach in assessing physical disability in
patients with LBP, and has been shown to yield reliable measurements in determining the level of
disability [39]. This quantitative measure comprises 24 items specifically related to physical functions
most likely to be affected by LBP. Each item is qualified with the phrase “because of my back pain”
to distinguish back pain disability from disability due to other causes [40]. The RMDQ score was
calculated by summing up the number of items checked. Items were unweighted. The scores ranged
on a scale from 0-24, with greater levels of disability reflected by higher numbers.

2.3. Demographic, Anthropometric, and Body Composition Assessment

A trained research nurse assessed data. Demographic data included age and gender. Elsewhere [6],
we recently described in detail anthropometric measurements and body composition assessment using
bio-impedance (BIA) technology. Briefly, in the present study, we used anthropometrically measured
body mass index (BMI) in kg/m? and waist-to-hip ratio (WHR) in mm/mm. Body composition measures
assessed by BIA included fat mass (FM), skeletal muscle mass (SMM), and body-cell mass (BCM), all
in kilograms; extracellular water (ECW), in liters. As body mass components strongly intercorrelated
and depend on body weight, they were examined as indices; i.e., FM/WT, SMM/WT, and BCM/WT.
ECW has important physiological significance, as >50% of the body weight is water, distributed
between intracellular and extracellular components. The body’s homeostatic physiological mechanisms
maintain ECW [41], and deviation from this equilibrium could cause, for example, an edematous
state; or loss of water can lead to body dehydration. Therefore, these measures may reflect a clinical
significance of the present study.

2.4. Soluble Biomarker Analysis

Venous blood samples measured by a venipuncture following overnight fasting underwent
centrifugation within 1h after collection, according to the standard protocol. Plasma samples were
separated and stored in aliquots at —80 °C until usage. Circulating levels of vaspin and adipsin
were detected by ELISA using DuoSet kits (R&D Systems, Minneapolis, MN, USA), according to the
manufacturer’s protocols. The detection limits were 49.6 pg/mL for vaspin and 375 pug/mL for adipsin.
The intra- and inter-assay coefficients of variation were between 2.3% and 8.3%. Due to the significant
deviation of the respective distribution from the normality assumptions, the original measurements of
these factors were subjected to a log-normal transformation to approximate normality prior to analysis.

2.5. Statistical Analysis

Using standard statistical packages SPSS (IBM SPSS Statistics for Windows, Version 24.0. Armonk,
NY, USA: IBM Corp) and Statistica 64 (TIBCO Software, Version 13.5, Palo Aalto, CA, USA), basic
descriptive statistics were computed, and the normality assumptions of the distribution of the study’s
quantitative variables were tested. This stage included identification of outliers and the selection of
potential covariates for LBP-related phenotypes, such as sex, age, and body composition, as well as
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implementation of correlation/regression analyses and ANOVAs. The obtained results are summarized
in the Appendix A (Tables A1-A3).

Our sample comprised 98 nuclear families; therefore, the parameter estimates obtained by the
standard methods of the statistical analysis could be biased. To overcome this problem, we implemented
mixed statistical models with a flexible kinship covariance structure appropriate for the samples
including individuals with multiple levels of relatedness. We used the Kinship Statistical Package for
R (https://github.com/cran/kinship/blob/master/R/Imekin.R, Access date: 20.07.2020). The relmatGlmer
function was used to assess logistic regression mixed models (for binary outcomes), and the relmatLmer,
similar to the relmatGlmer, was used to generate a linear regression mixed model (for continuous traits).
This process was implemented at the final stage of the analysis of each of the LBP-related phenotypes
in order to accurately establish their possible relationships with the contributing soluble markers and
body composition variables.

Once biochemical and body composition variables associating significantly with the
LBP-phenotypes were detected, we attempted to estimate contribution of the putative genetic factors
to variation of each of them. We also attempted to evaluate whether, and to what extent (if any),
the aforementioned significant associations could be caused by shared genetic factors. To this aim,
we conducted family-based variance (VCA, for continuous variables) and quasi-variance (Q_VCA,
for binary phenotypes) decomposition analyses, described in detail elsewhere [42,43]. This method,
implemented in the MAN statistical package (https://www.tau.ac.il/~idak/MAN_Manual.pdf, Access
date: 20.07.2020), decomposes the total phenotype variation into components presumably caused by
additive genetic factors, common family environment, and the residual component of the variance.
Similarly, the bivariate version of the analysis examines the contribution of the same factors (putative
genetic and shared familial environment) to the phenotypic correlation/association between the
phenotypes. The MAN package uses a standard hierarchical (nested) testing of the statistical-genetic
models, comparing them through a likelihood ratio test (LRT), and selecting the best fitting and most
parsimonious model.

3. Results

3.1. Sample Characteristics

The descriptive statistics and ranges of variations in all examined anthropometric body composition
variables and levels of the circulating adipokines are presented in Table Al (separately comparing
males and females). In total, 489 males and 589 females participated in this study and displayed
non-significant (p = 0.65) age differences between the sexes (42.80 + 0.62 vs. 43.20 + 0.56 years,
respectively). However, body composition variables, as expected, were significantly different, with BMI
greater in females (28.72 + 0.24 vs. 27.53 + 0.19, p < 0.0001), and WHR, an indicator of central obesity,
greater in males (0.92 + 0.003 vs. 0.88 + 0.004, p < 0.001). Females compared to males had a higher
FM/WT (0.36 + 0.003 vs. 0.25 £+ 0.002, respectively, p < 0.001) and lower muscle mass measurements
(such as SMM/WT: 0.27 + 0.001 vs. 0.37 + 0.002, respectively, p < 0.001), while males had a higher ECW
compared to females (20.75 + 0.15 vs. 16.53 + 0.10, respectively, p < 0.001) (Table Al).

The levels of vaspin (pg/mL) were significantly higher in females compared to males (1605.21 +
210.53 vs. 1603.59 + 233.68, respectively, p = 0.001); yet there was no difference between males and
females in adipsin (ug/mL) levels (1.30 + 0.01 vs. 1.28 + 0.01, respectively, p = 0.054). In the one-sided
t-test, the prevalence of LBP-sciatica and LBP-duration was significantly more common in women than
in men [45.50% (N = 589) among women vs. 37.20% (N = 489) among men, p < 0.001 and 33% (195/589)
among women vs. 27% (132/489) among men, p = 0.008], respectively. The LBP-severity phenotype
was found in 195 males (40%) and 150 females (25.50%), p < 0.0001.

The variations of the studied phenotypes were not entirely independent (Table A2). Obesity
indicators (BMI and WHR) and adipsin in males and females exhibited significant, albeit low-magnitude,
positive correlations (r ranged from 0.12 to 0.35, p < 0.001). Correspondingly, skeletal muscle mass


https://github.com/cran/kinship/blob/master/R/lmekin.R
https://www.tau.ac.il/~idak/MAN_Manual.pdf

Diagnostics 2020, 10, 797 50f 16

measurements (SMM/WT and BCM/WT) displayed a significant negative correlation with adipsin (r
ranged between —0.16 and —0.30, p < 0.001). In males, vaspin revealed a significant negative correlation
with BCM/WT (r = —0.10, p < 0.05), in addition to significant positive correlations with BMI (r = 0.11,
p <0.05) and ECW (r = 0.14, p < 0.01) (Table A2).

Body composition variables were also significantly intercorrelated, in particular BMI, WHR, and
ECW as well as FM/WT, SMM/WT, and BCM/MT (Table A2). Since SMM/WT and FM/WT were highly
collinear with BCM/WT (r ranged from —0.83 to 0.75, p < 0.001), in the following analysis we used only
BCM/WT to avoid redundancy and multicollinearity in multiple regression analysis.

3.2. Associations between LBP-Related Phenotypes and Covariates

As shown in Table 1, in the series of univariate analyses, individuals who reported LBP-sciatica
exhibited higher ECW and obesity measures (WHR and lower BCM/WT) than those with no LBP
symptoms (controls), even after controlling for sex and age. The plasma concentrations of vaspin and
adipsin, in addition to ECW, tended to be significantly higher in patients with LBP-sciatica, however,
only vaspin and ECW remained significant after adjustment. Worsening of the LBP manifestations,
including LBP-duration, and LBP-severity, were all significantly associated with elevation in vaspin
and adipsin plasma levels, increased ECW, and adiposity characteristics (WHR), and correspondingly
reduced skeletal muscle mass measure (BCM/WT). However, adipsin levels were not significant
after adjustment for sex and age. Significant correlations were observed between body composition
measures (BCM/WT and ECW) and vaspin circulating levels with LBP-disability scores in both males
and females based on the RMDQ (Table 2). No significant sex-associated differences in vaspin and
adipsin levels in LBP-related phenotypes were observed (Table A3).

Table 1. Body composition parameters and plasma levels of soluble markers (covariates) in individuals
with LBP-related phenotypes, compared with control subjects.

. Control LBP-Sciatica LBP-Duration LBP-Severit
Covariate (N =472) =447 1 P (N =337) P1 P2 (N =243) N I
BMI (kg/mz) 27.32 £0.231  29.36 + 0.25 5 NS 29.86 + 0.30 5 NS 29.77 + 0.35 5 1
WHR 0.88 £0.001  0.91 £ 0.001 5 1 0.92 + 0.004 5 1 0.93 + 0.006 5 4
FM/WT 0.30 +£0.003  0.33 + 0.004 5 NS 0.34 + 0.005 5 NS 0.34 + 0.006 5 NS
SMM/WT 0.33+0.002  0.31 +0.003 5 NS 0.30 + 0.003 5 NS 0.30 + 0.004 5 NS
BCM/WT 0.36 £ 0.002  0.33 +0.003 5 4 0.33 + 0.004 5 4 0.33 + 0.004 5 3
ECW (L) 18.03 +£0.151 19.04 + 0.171 5 5 19.35 + 0.212 5 5 19.25 + 0.262 5 5
Vaspin (pg/mL) 583 +£0.044 6.13+0.063 5 4 6.11 + 0.074 4 4 6.17 + 0.090 4 3

Adipsin (ug/mL) 020 +0.012  0.25 +0.012 3 NS 0.26 + 0.015 4 NS 0.25 +0.015 1 NS

Data presented as mean, standard errors; N, sample size; BMI, body mass index; WHR, waist-to-hip ratio; FM/WT,
fat mass/weight ratio; SMM/WT, skeletal muscle mass/weight ratio; BCM/WT, body cell mass/weight ratio, ECW,
extracellular water; controls, the members of the same families with no LBP manifestations; P; shows significance
levels achieved upon comparison of LBP-related phenotypes with control group; P, obtained by ANCOVA
controlling for sex and age; 1 < 0.05; 2 < 0.01; 3 < 0.001; 4 < 0.0001; 5 < 0.00001. NS, non-significant, Adipokines’
circulating levels were transformed to approximate normality prior to analysis.

3.3. Mixed Model-Multivariable Analysis of LBP-Related Phenotypes

At this stage, all potential predictor variables (covariates) that were significantly associated
with LBP-related phenotypes in the univariate context (Tables 1 and 2) were analyzed by a mixed
logistic regression to simultaneously test the extent of the associations of the body composition
measurements and plasma levels of soluble markers. Since our sample was composed of nuclear
families and interrelated complex pedigrees, the corresponding mixed-model linear regressions were
employed to account for familial size and structure (Tables 3 and 4). The results consistently showed
that age, sex, ECW, and vaspin levels were independently and significantly associated with all the
LBP-related phenotypes.
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Table 2. Pearson correlation between LBP-disability scores and its potential covariates. Correlation
coefficients and corresponding p-value are shown.

Covariate Male Female
(N =489) (N =589)

Age (y) 0.226, <0.001 0.294, <0.001
BMI (kg/m?) NS 0.229, <0.001
WHR 0.211, <0.001 0.267, <0.001
FM/WT NS 0.227, <0.001
SMM/WT NS —0.227, <0.001
BCM/WT —0.149, <0.001 —0.256, <0.001
ECW (L) 0.215, <0.001 0.307, <0.001
Vaspin (pg/mL) 0.123, <0.001 0.125, <0.001
Adipsin (ug/mL) NS 0.164, <0.001

LBP-disability phenotype assessed by Roland-Morris Disability Questionnaire (RMDQ); N, sample size; BMI, body
mass index; WHR, waist-to-hip ratio; FM/WT, fat mass/weight ratio; SMM/WT, skeletal muscle mass/weight ratio;
BCM/WT, body cell mass/weight ratio, ECW, extracellular water; NS, non-significant.

Thus, the multiple logistic regression analyses produced the odds ratios (OR), reflecting
independent association of vaspin levels ranging between 1.24 (95%CI = 1.03-1.50) for LBP-duration
and 1.33 (95%CI = 1.07-1.64) for LBP-severity. The OR estimates obtained in the respective multiple
logistic regression analyses for ECW effect ranged from 1.43 (95%CI = 1.14-1.79) for LBP-sciatica to
1.68 (95%CI = 1.26-2.24) for LBP-severity (Table 3).

Subsequently, we conducted a mixed multivariable linear regression analysis to identify significant
covariates of LBP-disability, assessed by the RMDQ quantitative scores. The design of the analysis
(Table 4) was similar to the above (Table 3) and retained the same covariates. Specifically, we found a
significant independent association of the vaspin (p = 7.42 x 1073) and ECW (p=4.44 % 1073) levels
with LBP-disability—both types of multivariable regression analyses consistently showed significant
associations of the vaspin plasma levels and ECW measures with all tested LBP-related characteristics.
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Table 3. Mixed-effects model logistic regressions analysis exploring relationships between covariates and LBP-related phenotypes.

LBP-Sciatica LBP-Duration LBP-Severity
Independent OR (95% CI) B (SE) P OR (95% CI) B (SE) |7 OR (95% CI) B (SE) |7
Age 1.78 (1.45-2.18) 0.57 (0.10) 1.92 x 1078 217 (1.71-2.76) 0.77 (0.12) 129 x 10710 1.87 (1.44-2.73) 0.62 (0.13) 1.87 x 1078
Sex 2.45 (1.60-3.76) 0.89 (0.20) 3.88 x 107 2.78 (1.72-4.48) 1.02 (0.24) 278 x107° 3.18 (1.81-5.60) 1.15 (0.28) 1.87 x 107°
ECW 1.43 (1.14-1.79) 0.35(0.11) 0.001 1.59 (1.23-2.05) 0.46 (0.12) 0.0003 1.68 (1.26-2.24) 0.52 (0.14) 0.0003
Vaspin 1.27 (1.07-1.51) 0.24 (0.08) 0.004 1.24 (1.03-1.50) 0.21 (0.09) 0.02 1.33 (1.07-1.64) 0.28 (0.10) 0.008

Data reported as odds ratio with 95% confidence intervals (OR (95% CI)), with corresponding Beta and standard errors B (SE); ECW, extracellular water. Bold p-values indicate significant
values. At the initial stage of the study, the following independent variables were tested in stepwise-forward manners: age, sex, WHR, BCM/WT, ECW, vaspin. Only statistically significant
terms are shown in the table. All quantitative variables were standardized prior to statistical analysis.
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Table 4. Mixed-effects linear regression analysis exploring relationships between covariates and
LBP-disability scores based on RMDQ.

Dependent Variable: LBP-Disability

Independent Beta SE of Beta B SEof B t p-Value
Age 0.245 0.032 0.258 0.034 7.58 7.75% 1078
Sex 0.210 0.038 0.209 0.038 548 516x10714
ECW 0.185 0.040 0.182 0.039 4.61 4.44 x10°°
Vaspin 0.080 0.029 0.081 0.030 2.68 7.42 x 1073

RMDQ), Roland-Morris Disability Questionnaire; SE, standard error; ECW, extracellular water; At the initial stage of
the study, the following independent variables were tested in stepwise-forward manners: age, sex, WHR, BCM/WT,
ECW, vaspin; all quantitative variables were standardized prior to statistical analysis.

3.4. Contribution of Putative Genetic Factors to Significant Associations

The primary LBP-related phenotypes (LBP-sciatica, LBP-duration and LBP-severity) and
LBP-disability scores, which showed significant correlations with the vaspin levels and ECW scores,
were subjected to corresponding VCA and Q_VCA, as described in the Material and Methods section.
To compare the general model with restricted models, we implemented maximum likelihood ratio tests.
Our respective most parsimonious models estimated that vaspin levels, ECW, and the LBP-disability
variables displayed a significant additive genetic variance component in their interindividual variation,
while the other variables displayed no significant component (Table 5). Since our analysis detected
a significant genetic component in the LBP-disability scores on the one hand, and in vaspin and
ECW interindividual variation on the other, we conducted a bivariate variance component analysis
to examine the extent to which the associations reported in Tables 3 and 4 could be attributable to
common genetic and/or environmental factors. These analyses revealed highly significant additive
genetic correlation between the LBP-disability scores and vaspin levels (0.631 + 0.094, p < 107%), as well
as between ECW and LBP-disability scores (0.485 + 0.109, p < 10711 (data not shown), thus suggesting
that shared genetic factors influence variations of the LBP-disability, vaspin levels, and ECW.

Table 5. Summary of the series quasi- and variance component analyses of the studied phenotypes.
Additive genetic components as estimated in most parsimonious models are shown.

Variable Additive Genetic p-Value
Vaspin 0.66 + 0.08 2.64 x 1076
ECW 0.42+ 0.06 0.0005
LBP-sciatica 0.48 £0.18 NS
LBP-duration 0.31 +0.36 NS
LBP-severity 0.54 +0.13 NS
LBP-disability 0.19 + 0.02 242 %1075

ECW, extracellular water; NS, non-significant.

4. Discussion

This cross-sectional study in symptomatic chronic LBP patients provides interesting insight into
the potential roles played by plasma vaspin levels and ECW in LBP complication manifestations and
progression. This is probably the first study to report consistent significant associations between vaspin
circulating levels and LBP, the most frequent MSP condition. As LBP is a heterogeneous condition [44],
we intended to minimize etiological heterogeneity by including into the analysis a sample of individuals
from a very similar (virtually identical) ethnic, cultural, and socioeconomic background. Since the
chosen variables were all LBP characteristics, they were not completely independent, but some
associations were pretty low. Moreover, the LBP manifestations were assessed by two independent
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questionnaires, and we contrasted control with most severe manifestation of the given phenotype,
except LBP-disability, which behaved as quantitative continuous variable.

The series of univariate analyses that we conducted demonstrated significant associations of
vaspin and adipsin levels with the majority of body composition characteristics, which were positively
and negatively correlated with adipose and skeletal muscle mass parameters, respectively. These
analyses also revealed significant associations of plasma levels of these adipokines with various LBP
phenotypes, while in the multiple regression analyses, only vaspin levels and ECW measures were
consistently and significantly retained in the final stages. Since the variations of the body composition
phenotypes were not independent from each other, and were age-dependent (Table A2), this probably
explains why only ECW was retained in the multiple regression analyses.

Vaspin is known mainly for its insulin-sensitizing effects in metabolic syndrome, including
obesity [27,45,46]. Animal studies demonstrated that vaspin can reduce body weight, improve the
whole-body metabolic status, enhance bone strength and trabecular bone mass in obesity [29], promote
osteogenesis [29], and prevent osteoclastogenesis [47]. Moreover, vaspin is produced by skeletal muscle
and was shown to prevent insulin resistance in human myotubes [28]. These findings clearly indicate
vaspin involvement in bone and muscle physiology. In addition, vaspin gene and protein expression
was detected in the cartilage, synovium, and osteophytes from OA patients [48], in which serum
vaspin concentration were higher than in the synovial fluid, with no association of both levels with
age or BMI. Furthermore, vaspin was found to prevent leptin-induced inflammation and catabolism
in chondrocytes and apoptosis in endothelial cells induced by free fatty acids [49,50]. These and
other examples of the anti-inflammatory activity of vaspin served as a basis for the formulation of the
protective function hypothesis of vaspin [51]. It has been suggested that vaspin plays a protective role
in various detrimental, mainly inflammatory conditions [52,53], involved in IVDD [7,9], spinal OA [54],
and pain sensitization [55]. Our data on a consistently significant and independent association of
elevated vaspin levels with the severity of LBP manifestations may reflect its protective role in LBP.

ECW accounts for about 35% of the total body water. Changes in ECW osmolarity are accompanied
by a flow of water and presumably key biochemical factors out of the cells, leading to cell shrinkage,
oxidative stress, protein alterations, mitochondrial, DNA damage, and cell cycle arrest, thus rendering
cells susceptible to apoptosis [56]. Moreover, water leakage from nucleus pulposus of the IVDs
was found to be associated with the enhanced production of pro-inflammatory cytokines, such as
TNFa and IL-13, and activation of proteases, thus leading to the extracellular matrix damage and
pain sensitization that characterizes IVDD and LBP [57]. ECW leakage is linked to many chronic
inflammatory disorders, including obesity [58], arthritis [59], and sarcopenia [60,61]. It has been also
shown that an elevation in ECW levels is independently associated with sarcopenia characteristics,
such as muscle strength, functional capacity, gait speed, and frailty [62]. Sarcopenia of paraspinal
muscles, in turn, has been found to be correlated with LBP manifestations [3-5]. In our study, ECW
was consistently independent of the covariates and highly significantly associated with all the primary
phenotypes (Tables 3 and 4), displaying significant negative correlations with the skeletal muscle
measurements (SMM/WT and BCM/WT). These findings suggest that elevated ECW levels might
indicate the presence of sarcopenia in individuals suffering from LBP. Thus, ECW is an important and
relevant biomarker (probably, a risk factor) for LBP-related conditions.

Given the significant associations between the various LBP manifestations and ECW and vaspin
levels in our family-based sample, our next research question was: to what extent could these
associations be attributable to common genetic factors (pleiotropy)? Or rather, are they caused mostly
by environmental factors, such as lifestyle or trauma, for example? Although the role of genetic
regulation of LBP manifestations remains unclear, some studies, including our own previous study,
suggested the presence of a genetic component governing interindividual variation of LBP, with
heritability estimates often >30% [15,42]. In these studies, presence or absence of LBP during a specific
period of time was mostly used as primary phenotype. Here, we used a more complex assessment of the
LBP-caused disability and severity, and found that most of these indicators, except LBP-disability scores,
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showed no involvement of the genetic factors to liability of disability manifestations. Our findings,
however, demonstrated a significant and substantial genetic effect on interindividual variation of the
vaspin plasma levels and ECW. Additive heritability estimates comprised 66.3 + 8.5% for vaspin levels
and 42.0 + 6.4% for ECW, but modest 19.9 + 2.4% for LBP-disability scores. Highly significant additive
genetic correlations between the vaspin levels and LBP-disability scores (0.631 + 0.094, p < 107%) and
between ECW and LBP-disability scores (0.485 + 0.109, p < 10~!!) suggest that shared genetic factors
influence variations of LBP-disability scores and both of ECW and vaspin levels separately. These
findings also suggest that the corresponding correlations of vaspin levels and ECW with LBP-disability
scores are caused at least partially by common genetic factors, although the magnitude of the effect is
small due to the modest contribution of heredity to LBP-disability scores’ variation.

This seems to be the first estimate of the contribution of the putative genetic factors to variation
in vaspin circulating levels. However, some evidence of the genetic determination of vaspin levels
were previously published. For example, elevated vaspin serum levels observed in 7% of the Japanese
population were found to be linked to minor allele in the rs77060950 polymorphism [53]. Moreover, the
minor allele in another polymorphism mapped to vaspin’s structural gene, rs2236242, was proposed
to play a protective role against obesity and diabetes in Egyptian women [63], whereas in the other
studies this vaspin polymorphism was associated with a greater risk of metabolic syndrome [64,65].
Notably, our estimate of a significant additive genetic component in ECW variation, 0.42 + 0.06, is in
agreement with the previously reported heritability estimate, 0.68, observed in the twin study [66].
Higher heritability estimates in twin design studies are quite common.

Contrary to a recent study [24], we were unable to confirm association of adipsin circulating levels
with any of our LBP-related phenotypes in multiple regression analyses, despite the fact that in series
of univariate analyses its associations with almost all LBP phenotypes were statistically significant. It is
quite likely that, due to its significant correlations with age and ECW, especially in women (Table A2),
adipsin was not retained in the final regression equation as an independently associated covariate. The
previous study used a much smaller sample with a narrow range of ages, and without considering body
composition parameters [24]. This difference seems to provide a likely explanation for the discrepancy
of the results.

The cross-sectional design introduces some important limitation to this study, as it prevents
drawing conclusions about the causality of the associations found. Longitudinal studies are required
to establish the cause-and-effect relationships between LBP-related disability and measured body
composition variables and soluble factors (especially vaspin and ECW), as well as to evaluate
their predictive nature. Obviously, IVD and paraspinal muscle specimens for the measurement of
LBP biomarkers would be preferable but are implausible in general population studies. However,
determination of serum/plasma levels of various cytokines and other soluble molecules has been used
successfully for monitoring the initiation, intensity and progression of LBP, [6,24,67—-69] and our data
confirm these results.

In conclusion, this is the first study providing statistically significant evidence that vaspin
circulating concentrations and ECW levels are independently associated with detrimental LBP
phenotypes, although the underlying mechanisms of these associations remain unclear. We also found
that genetic factors play a significant role in the interindividual variations of both vaspin levels and
ECW, but contribute little, if anything, to LBP manifestation phenotypes. These results provide new
insights into the metabolic aspects of LBP pathogenesis and highlight the need for larger longitudinal
studies to determine whether both vaspin levels and ECW could serve as novel therapeutic targets for
monitoring, prevention, and/or treatment of LBP.
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Appendix A

Table Al. Basic descriptive statistics of anthropometric measurements and plasma levels of studied
soluble markers according to gender.

Variables Gender N X+ SE 95%CI 4
Age (y) M 489 42.80 + 0.62 (41.58, 44.05) 0.651
F 589 43.20 + 0.56 (42.09, 44.31)
BMI (kg/m?) M 486 2753 +0.19 (27.15,27.92) 0.00027
F 589 28.72 +0.24 (28.23,29.21)
WHR M 483 0.92 +0.003 (0.92,0.93) <0.001
F 579 0.88 + 0.004 (0.87,0.88)
FM/WT M 481 0.25 +0.002 (0.25,0.26) <0.001
F 575 0.36 +0.003 (0.36,0.37)
SMM/WT M 478 0.37 +0.002 (0.37,0.38) <0.001
F 573 0.27 +£0.001 (0.27,0.28)
BCM/WT M 481 0.39 +0.002 (0.39, 0.40) <0.001
F 575 0.31 +0.002 (0.31,0.32)
ECW (L) M 483 20.75 £ 0.15 (20.46, 21.05) <0.001
F 576 16.53 £ 0.10 (16.32,16.74)
Vaspin (pg/mL) M 458 1603.59 + 233.68 (1144.35, 2062.82) 0.0011 *
F 547 1605.21 + 210.53 1191.68, 2018.79)
Adipsin (ug/mL) M 480 1.30 = 0.01 (1.27,1.34) 0.054 *
F 586 1.28 +0.01 (1.25,1.32)

Data are presented as mean + standard errors with 95% confidence intervals; N, sample size; BMI, body mass index;
WHR, waist-to-hip ratio; FM/WT, fat mass/weight ratio; SMM/WT, skeletal muscle mass/weight ratio; BCM/WT,
body cell mass/weight ratio, ECW, extracellular water; p values were determined by one way ANOVA, * these
variables were compared also by Man-Whitney test.

Table A2. Correlations between body composition parameters and plasma levels of soluble markers in
the study sample, in men and women separately; males” and females’ data are shown above and below
the diagonal, respectively.

AGE BMI WHR FM/WT SMM/WT BCM/WT ECW Vaspin  Adipsin

AGE 0.28 ** 0.56 ** 0.29 ** —0.45 ** —-0.53 ** 0.32 ** NS 0.18 **
BMI 0.61 ** 0.55 ** 0.78 ** —-0.78 ** —0.46 ** 0.58 ** 0.11* 0.17*
WHR 0.49 ** 0.44 ** 0.52 ** —0.58 ** —-0.51 ** 0.44 ** NS 0.12 **
FM/WT 0.53 ** 0.87 ** 0.41 ** —-0.96 ** —-0.75 ** 0.49 ** NS 0.15 **
SMM/WT  -0.66** -0.81* -045* —-0.94* 0.70 ** —0.42 ** NS —-0.16 **
BCM/WT  -048* -0.63* -0.32* -0.83* 0.75 ** -0.66* -010* -0.18**
ECW 0.46 ** 0.67 ** 0.27 ** 0.63 ** —0.46 ** -0.76 ** 0.14 ** 0.19 **
Vaspin NS NS NS NS NS NS NS NS
Adipsin 0.31 ** 0.35 ** 0.15 ** 0.31 ** —-0.29 ** —-0.30 ** 0.33 ** NS

BMI, body mass index; WHR, waist-to-hip ratio; FM/WT, fat mass/weight ratio; SMM/WT, skeletal muscle
mass/weight ratio; BCM/WT, body cell mass/weight ratio, ECW, extracellular water; Pearson correlation coefficients
(r) are presented, ** < 0.01, * < 0.05, NS -non-significant-p > 0.05.
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Table A3. Comparative analysis of body composition parameters and plasma levels of soluble markers in individuals with LBP-related phenotypes according

to gender.
LBP-Sciatica LBP-Duration LBP-Severity

Covariate Male, N= 180 Female, N= 268 p Male, N= 132 Female, N = 195 p Male, N =195 Female, N =150 p
Age (y) 46.97 + 0.95 47.79 + 0.79 5 4949 + 1.10 49.87 +0.88 NS 46.94 + 1.33 4830+ 1.13 NS

BMI (kg/mz) 27.89 +0.32 30.40 +0.35 5 28.12 +0.39 31.02 £ 0.41 5 28.03 + 0.46 30.86 + 0.48 5
WHR 0.94 + 0.005 0.90 + 0.005 5 0.95 + 0.006 0.91 + 0.007 4 0.94 + 0.008 0.92 + 0.009 NS

FM/WT 0.25 + 0.004 0.38 + 0.004 4 0.25 + 0.005 0.39 + 0.004 4 0.25 + 0.006 0.39 + 0.006 4

SMM/WT 0.37 +0.003 0.26 + 0.002 4 0.37 + 0.004 0.26 + 0.002 4 0.37 + 0.004 0.26 + 0.003 4

BCM/WT 0.39 + 0.004 0.29 + 0.003 4 0.38 + 0.005 0.29 + 0.003 4 0.38 + 0.005 0.29 + 0.004 4

ECW (L) 21.54 + 0.27 17.31 £ 0.16 4 21.83 £ 0.33 17.64 + 0.19 4 22.11 £ 0.39 17.40 = 0.25 4
Vaspin (pg/mL) 6.00 + 0.09 6.21 +0.08 NS 6.00 +0.10 6.20 + 0.09 NS 6.24 +0.16 6.12 +0.10 NS
Adipsin (ug/mL) 0.22 £0.01 0.26 £ 0.01 NS 0.24 +£0.02 0.27 +£0.02 NS 0.23 +£0.02 0.26 £ 0.01 NS

Data presented as mean, standard errors; N, sample size; BMI, body mass index; WHR, waist-to-hip ratio; FM/WT, fat mass/weight ratio; SMM/WT, skeletal muscle mass/weight ratio;
BCM/WT, body cell mass/weight ratio, ECW, extracellular water; p shows significance levels achieved upon comparison of each LBP-related phenotype by sex, 1 <0.05; 2<0.01; 3<0.001;
4<0.0001; 5 <0.00001, NS -non-significant; Adipokines’ circulating levels were transformed to approximate normality prior to analysis.
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