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Background. MicroRNAs play an essential role in regulating pain processing within a wide range of clinical pain disorders.
Objectives. The present study aimed to evaluate the role of circulating miRNAs as biomarkers of lower back pain in older adults. In
addition, the correlation between miRNAs and other related cofounders such as muscle function, adiposity, malnutrition, and Ca
and vitamin D intake was assessed. Methods. A total of 110 older subjects with an age range of 40-60 years were included in this
study. The participants were classified according to a modified Oswestry lower back pain disability questionnaire (OSW) into
subjects with minimal LBP (n =40; LBP score: 0-20%), moderate LBP (n = 35; LBP score: 20-40%), and severe LBP (1 =35; LBP
score: 41-60%). RT-PCR and immunoassays were used to study the circulating miRNA profile, vitamin D status, and CRP, IL-6,
TNF-a, s-Ca, s-BAP, s-OC, and s-NTX levels. In addition, malnutrition and muscle performance were estimated in all subjects as
other factors related to LBP. Results. In this study, normal LBP-OSW cutoff values (8.96 + 3.6) were reported in 36.4% of the total
population, whereas 63.6% of the population had higher LBP-OSW scores, classified as follows: 31.8% with moderate LBP (LBP-
OSW score: 31.4 +£9.1) and 31.8% with severe LBP (LBP-OSW score: 54.9 + 14.6). Four circulating miRNAs, namely, miR-146a,
miR-558, miR-155, and miR-124a, as biomarkers of the intensity of back pain were identified in all participants. In subjects with
moderate to severe LBP, the expression levels of miR-146a and miR-558 were significantly reduced and those of miR-155 and
miR-124a were significantly increased compared to subjects with minimal LBP scores. Subjects with moderate to severe LBP
showed a significant increase in adiposity markers, lower PA, muscle performance, malnutrition, and lower Ca and vitamin D
intake compared to normal controls. In addition, serum levels of vitamin D and circulated plasma markers of inflammation and
bone metabolism such as CRP, IL-6, TNF-q, s-Ca, s-BAP, s-OC, and s-NTX were significantly reduced in severe LBP cases
compared to those with minimal LBP scores. The expressed circulating miRNAs were significantly associated with the measured
muscle performance, adiposity, PA score, inflammation, and bone metabolism cofounders in subjects with higher LBP-OSW
scores. The expressed miRNAs, along with other LBP cofounders, were significantly associated with ~63.9-86.4% of the incidence
of LBP in older adults. Conclusions. In older adults with vitamin D deficiency, the severity of LBP was significantly associated with
the expression of circulating miRNAs, adiposity, bone metabolism, inflammation, and muscle performance. In addition, the
expressed miRNAs, along with other LBP cofounders, were significantly associated with ~63.9-86.4% of the incidence of LBP in
older adults. These results suggest the possibility of using microRNAs as therapeutics to alleviate established pain and as
biomarkers in old adults with painful conditions.

1. Introduction chronic back pain with different variances. This may be due

to a lack of concordance in terms of age stratification,
In elderly populations, back pain is the most prevalent  definition, and methodology [2-4]. In women, higher rates
source of musculoskeletal soreness worldwide [1]. It was of lower back pain were reported compared to men [1,3]. The
suggested that more than 58% of the elderly suffer from increase in the scores of back pain among women might be
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due to an increase in bone loss and a rapid decline in bone
mineral density (BMD). These parameters collectively result
in a greater prevalence of osteoporosis and vertebral frac-
tures in women compared to men [5-7].

In the elderly, the association between lower back pain
(LBP) and osteoporosis significantly induces several defects
such as skeletal deformities, joint imbalance, and tension in
muscular structures with severe or intolerable back pain
[8-10]. Patients with lower back pain (LBP) were clinically
characterized by tissue damage, muscle weakness, and
psychological disturbances, and these consequences were
reported in more than 80% of the population who had
suffered from lower back pain (LBP) at least once or twice in
their life [11,12]. Etiologically, lower back pain is a multi-
factorial disease with several possible symptoms and causes
[13,14]. A variety of factors were shown to be associated with
lower back pain, particularly adiposity, chronic comorbid-
ities, poor levels of physical activities, vascular pathology,
depression, and psychological disturbances [13,15].

In addition, understanding the role of proper nutrition
in the progression and prevention of chronic diseases will
allow a better appreciation of the consequences of LBP
among younger and older adults [16-18]. Recently, certain
dietary interventions have appeared to be of therapeutic
benefit in chronic pain management. It was found that low
vitamin D and Ca intake was significantly associated with
chronic lower back pain, especially in women [19], and that
the administration of large quantities of omega-3 polyun-
saturated fatty acids greatly mitigated the level of pain,
especially in patients with rheumatoid arthritis (RA) [20].
Moreover, it was shown that obesity, malnutrition, and poor
eating behavior were highly prevalent in patients with
chronic pain [21].

Similarly, cellular molecular changes involved in both
inflammatory and bone metabolism processes associated
with lower back pain were significantly reported. Indeed, in
patients with lower back pain, the levels of tumor necrosis
factor-a (TNF), interleukin-6 (IL-6), and other related in-
flammatory markers such as C-reactive protein (CRP) were
significantly increased with pain intensity [22-25].

The expression levels of osteocalcin (OC), total calcium
(T-Ca), bone-specific alkaline, and N-terminal (NTX) have
been reported at different stages of bone resorption and
formation processes as bone metabolic biomarkers in both
healthy patients and patients with the varying bone loss
[26-30].

Although the condition of LBP and its associated con-
sequences are widely documented in the literature [1-30], its
etiology, effective management, and prognosis still require
further investigations on the basis of changes in the cellular
molecular mechanism. Small noncoding inhibitory RNAs
known as microRNAs (miRNAs) have been suggested to
play a pivotal role in regulating pain processing within a
wide range of experimental models and clinical pain dis-
orders [31-34]. In recent studies, the development of dis-
eases was shown to be linked to the aberrant expression of
microRNAs [35,36]. Significant changes in the expression of
some miRNAs were reported in patients with peripheral
inflammation and nerve injury, which both drive severe pain
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[37-40]. These changes in miRNAs may induce alterations
in the expression of some pain-associated genes, leading to
an increase in neuronal excitability and behavioral pain
hypersensitivity [38,40-42]. These studies indicate that
miRNAs might be novel key players in the mechanisms
underlying the development and maintenance of chronic
pain. In several clinical studies, the possibility of using
microRNAs as biomarkers of pain or as therapeutic agents to
alleviate established pain was significantly reported in severe
painful conditions such as complex regional pain syndrome
and fibromyalgia [43-45].

However, the cellular molecular mechanisms of miRNA
expression or response in lower back pain and their asso-
ciation with vitamin D status, nutrition, muscle function,
and bone metabolism have rarely been studied. Thus, the
present study aimed to evaluate the role of circulating
miRNAs as noninvasive biomarkers for older adults with
lower back pain and to discuss their association with the
circulating levels of vitamin D, Ca, inflammation, and bone
metabolism markers according to specific degrees of lower
back pain. Moreover, the correlation between miRNAs and
other related cofounders such as muscle function, adiposity,
malnutrition, and Ca and vitamin D intake was assessed.

2. Materials and Methods

2.1. Subjects. A total of 150 subjects aged 40-60 years were
invited to participate in this descriptive cross-sectional
study. Considering the exclusion criteria, 110 subjects who
had no serious acute or chronic diseases such as chronic
renal insufficiency and chronic pancreatitis, cognitive dis-
orders, malabsorption, or a history of osteoporotic fracture
were eventually recruited. In addition, subjects with a
physical disability or musculoskeletal disorders, who re-
ceived medications such as steroids that significantly affect
body weight, and who received Ca, vitamin D, or multivi-
tamin supplements were excluded from this study.

The study protocol was reviewed according to the ethical
guidelines of the 1975 Declaration of Helsinki and approved
by the ethical committee of Rehabilitation Research Chair
(RRC), King Saud University, Kingdom of Saudi Arabia,
under file number ID: RRC-2017-098. Before the collection
of data and blood samples, written informed consent was
obtained from all participating subjects. Plasma samples
were obtained from whole heparinized blood following
centrifugation for 1 min at 1400 rpm. All plasma samples
were kept frozen at —20 °C until use. The demographic and
clinical data of the participants are described in Table 1.

2.2. Anthropometric Measurements. Standardized proce-
dures using a tape measure and calibrated Salter electronic
scale (Digital Pearson Scale; Adam Equipment Inc., Co-
lumbia, MD, USA) were implemented to estimate the height
and weight of all participants, respectively [46,47]. Validated
universal cutoff values were used to calculate adiposity
parameters such as BMI and waist-to-height ratio (WHtR)
[46,47]. After the actual body weight and BMI were assessed,
the mid-arm circumference (MAC) was measured at the
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TaBLE 1: Demographic, lifestyle, and other related biological parameters of the subjects according to LBP disability scores (OSW scores;

N=110).

Moderate-LBP (20%-40%) ® Severe-LBP (41%-60%) ®

9%-209, — 40- 9
Normal (0%-20%) (n=40; 36.4%) (n=35; 31.8%) (n=35; 31.8%)
Male (n=25, Female (n=15; Male (n =20, Female (n=15; Male (n=19, Female (n=16;
62.5%) 37.5%) 57.14%) 42.9%) 54.3%) 45.7%)

Age (year) 52.6+3.6 52.3+34 51.9+4.1 51.6+4.3 499+3.7 49.4+39
Anthropometry
BMI 21.9+3.6 22.8+3.8 24.3+4.6 26.9 +5.9° 26.1+4.6% 28.1+5.8%
WHtR 0.49+0.11 0.51+£0.12 0.89+0.15 0.96 +0.23° 1.2+0.18* 1.31 £0.28%
Muscle mass
MAC (in cm) 323+15 33.6+1.8 18.5+2.9 16.3+2.4% 13.8+1.9 125+1.4
TSF (in mm) 14.2+3.2 15.3+3.7 11.3+4.6 10.4+3.6* 9.6+4.6 8.6+5.1
MAMC (in mm) 21.9+3.7 23.9+4.1 159+2.7 143+1.9°% 11.7+2.1 9.8+3.2
Diet measurements
Diet score 18.3+4.5 17.5+4.7 11.5+2.8 10.2+2.6* 8.6+5.1 6.8 +3.8°
Dietary vitamin D a a
intake (1U/d) 318 £48 315+ 46 211+48 196 +42 186 £ 61 136 £53
Dietary Ca 1800 + 67 1795 + 62 854+32 848 + 38° 748 + 49 711 + 26°
intake (mg/d)
SGA
A (well nourished) 23 (92.0%) 13 (86.7%) 5 (25.0%) 2 (13.3%) 2 (10.5%) 1 (6.25%)
B (moderately o o o o\a o o/\a
malnourished) 2 (8.0%) 2 (13.3%) 12 (60.0%) 11 (73.3%) 6 (31.6%) 6 (37.5%)
C (severely o 0 0 o/\a o oNa
malnourished) 0 (0%) 0 (0%) 3 (15%) 2 (13.3%) 11 (57.9%) 8 (50.0%)
Pain score 26+1.3 29+3.2 4.8+3.7 6.9+4.7% 89+34 11.3+2.8%
OSW score (0-100) 8.96+3.6 11.3+2.8 314+9.1 38.2+6.3% 549+ 14.6 69.3+18.5%
PA
Total PA (counts/min) 3986 +250 3946 + 210 2850+ 125 2630+ 1122 1800 + 168 1685 + 132
MVPA (%) 96.5 94.3 68.9 58.3% 48.6 38.2%
Total energy (kcal/d) 6895 + 520 6832 +415 2896 + 185 2646 + 175 1578 + 87 1356 + 49*
Sun exposure (min/day) 254+£25 235%1.6 18.8£0.75 13.6 +0.64° 12.3£0.65 9.5+0.86"
TNF-a (pg/ml) 8.6+1.4 8.9+3.8 245+75 29.7 £9.3° 37.9+12.6 46.8+13.6°
IL-6 (pg/ml) 3.8+1.6 39+238 8.5+4.5 10.8 +3.7% 159+6.8 19.9+7.8%
CRP (mg/L) 51+19 58+2.8 12.4+54 14.5+6.7° 22.6+8.1 25.8+9.5%
Vitamin 25(0H)D 48.7+93 46.9+ 8.6 249+38 19.945.8° 19.3+4.6 12.8+4.3°
(ng\mL)
Bone metabolism
markers
s-Ca (mmol/L) 2.8+0.12 2.4+0.18 2.6+0.25 2.3+0.18* 2.3+0.62 1.9 +0.45%
s-BAP (U/L) 22.8+5.7 21.9+4.8 19.3+4.3 14.8 +2.8% 15.6+3.9 11.2+2.5°%
s-OC (ng/mL) 21.8+4.3 20.6 +6.5 18.7+5.7 12.9+3.4% 16.6+4.8 10.8 +3.5%
S-NTX (pg/mL) 480.6 + 125.7 476.8+ 1154 365.8+91.7 345.1 +65.2% 247.7 £42.7 198.3 +32.5%

All values were reported as mean + SD or median (interquartile range) or percentage. Kruskal-Wallis one-way ANOVA and post hoc (Tukey’s HSD) test were
used to compare the mean values of the studied variables. Variables were considered significantly different at p < 0.05. *p < 0.01 (males versus females in the
same group), “p < 0.001 (severe LBP or moderate LBP versus normal). Abbreviations: BMI: body mass index; WHtR: waist-to-height ratio; MVPA: moderate-
to-vigorous physical activity; PA: physical activity; SGA: the Subjective Global Assessment; TNF-a: tumor necrosis factor-alpha; IL-6: interleukin-6; CRP: C-
reactive protein; s-Ca: serum calcium; s-BAP: serum bone-specific alkaline phosphatase; s-OC: serum osteocalcin; S-NTX: serum C-terminal cross-linked
telopeptide of type I collagen; MAC: mid-arm circumference in cm; TSF: triceps skinfold thickness in mm; MAMC: mid-arm muscle circumference in mm;
LBP: low back pain; OSW: Oswestry Low Back Pain Disability Questionnaire.

midpoint between the tip of the acromion and the olecranon

MAMC = MAC(cm) — (0.314 x TSF (mm)). (1)

process on the nondominant side of the body using a flexible
tape measure with the patient seated upright with their arm
flexed at 90° [48]. A Slim Guide skinfold caliper was used to
measure the triceps skinfold, and the mean of three mea-
surements was calculated [49]. The mid-arm muscle cir-
cumference (MAMC) was calculated using the MAC and the
TSF according to the following standard equation [49]:

2.3. Assessment of Lower Back Pain (LBP). A prevalidated
pain-rating numerical scale of 0-10 and a modified Oswestry
lower back pain disability questionnaire (OSW) were used to
estimate both LBP and pain intensity among subjects
[50-52]. LBP was quantified using the OSW scale (a 10-item



scale; with scores range from 0 to 100, where higher scores
indicate greater disability). According to the OSW scale,
subjects with LBP were interpreted as having minimal LBP
(LBP score: 0-20%), moderate LBP (20-40%), severe LBP
(41-60%), crippling LBP (61-80%), and bedbound or ex-
aggerated LBP (81-100%) [50,51]. Thus, our subjects were
classified into three groups: subjects with minimal LBP
(n=40; LBP score: 0-20%), moderate LBP (n=35; LBP
score: 20-40%), and severe LBP (n = 35; LBP score: 41-60%).

2.4. Patient Nutritional Assessment. Patients were subjected
to a nutritional assessment using a prevalidated subjective
global assessment (SGA) score on the day of admission
[53,54]. The SGA method has shown good to excellent in-
terobserver reproducibility with good convergent validity
[54]. According to the SGA scale, malnutrition scores were
classified as follows: well nourished (SGA-A), mild or
moderately malnourished (SGA-B), and severely malnour-
ished (SGA-C). Both SGA and body mass index (BMI) were
used for malnutrition evaluation [54,55].

2.5. Diet Information and Physical Activity. Patients were
instructed not to change their normal eating habits during
the study period. They were asked to accurately record the
amount and type of food, and the fluid consumed using food
diaries. Dietary information referred to dietary intake ref-
erences for physically active people [56,57].

Physical activity was evaluated for seven consecutive
days using an ACTi graph GT1M accelerometer (the model
was 7164; Fort Walton Beach, FL). The average intensity of
PA was calculated from the total number of minutes that
each patient participated in sports activities of different
intensities [58,59]. This intensity is mainly based on count
thresholds and daily activity counts per minute. Subjects
with fewer accelerometer counts (<100 counts/min) were
characterized as having a sedentary lifestyle [58,59].
According to their energy expenditure, the PA of all par-
ticipants was classified as low or sedentary (<4 metabolic
equivalents (METs)), moderate (4 METs), and vigorous (7
METs), where 1 MET refers to either an energy expenditure
of 1kcal/kg/h or an oxygen uptake of 3.5mL/kg/min in a
quiet sitting position [60-62]. During the previous month,
daily sun exposure was estimated on a weekly basis and
divided by 7 to estimate the average number of minutes per
day that the patients were exposed to sunlight [60].

2.6. Assessment of 25-Hydroxyvitamin D. Serum vitamin
25(OH)D levels were estimated using an ELISA immuno-
assay [63-65]. A direct competitive chemiluminescence
immunoassay with a Liaison auto-analyzer (Liaison, Dia-
Sorin, Turin, Italy) was used to estimate the total 25-
hydroxyvitamin (25(OH)D3) concentrations. According to
the manufacturer’s instructions, serum concentrations of
<10 ng/mL were defined as severe VitD deficiency, serum
concentrations of <30ng/mL were defined as VitD insuf-
ficiency, and a range between 30 and 100 ng/mL was con-
sidered normal [66-68].
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2.7. Assessment of Bone and Inflammatory Markers.
Serum bone markers such as Ca, s-BAP, osteocalcin, and
NTX were identified by colorimetric assays using a Cobas
Integra® analyzer and different ELISA kits [68-71]. ELISA
kits (Hoffmann-La Roche Ltd., Basel, Switzerland) and a
MicroVue BAP Immuno-enzymatic assay kit (Quidel
Corporation, San Diego, CA, USA) were used to estimate
serum Ca and s-BAP concentrations, respectively [68,69].
Serum osteocalcin concentrations were estimated using a
MicroVue Osteocalcin enzyme immunoassay kit (QUIDEL
Corporation, San Diego, CA) [70]. In addition, the levels of
NTX were measured in urine samples using ELISA Kkits
(Osteomark, Ostex International, Seattle, WA, USA),
whereas the levels of CRP, IL-6, and TNF-« (inflammatory
markers) were estimated in the serum samples using
Quantikine Human Immunoassay ELISA kits (R&D System,
Minneapolis, USA) [71].

2.8. Assessment of Circulating miRNAs

2.8.1. Extraction and Purification of Circulating RNA.
TRIzol reagent (Clontech Laboratories Inc., Mountain View,
CA, USA) was used to extract total RNA from serum
according to the manufacturer’s protocol. The cDNA of
miR-146a, miR-558, miR-155, and miR-124a was then
synthesized using the Mir-X miRNA First-Strand Synthesis
Kit (Clontech Laboratories Inc.) [72]. The integrity and
quantity of total RNA were assessed using an Agilent 2100
Bioanalyzer (Agilent Technologies) [73,74].

2.8.2. Real-Time qPCR of MicroRNAs. Readymade solutions
containing the primers and probes for miR-146a, miR-155,
and miR-15a (Applied Biosystems, Foster City, CA) were
used for real-time RT-PCR carried out with an ABI 7300
system (Applied Biosystems) [72,75]. Quantitative real-time
polymerase chain reaction (QRT-PCR) for miR-146a, miR-
558, miR-155, and miR-124a was conducted using the Mir-X
miRNA gRT-PCR SYBR Kit (Clontech Laboratories Inc.)
with the Applied Biosystems 7300 Real-Time PCR System
(Applied Biosystems, Foster City, CA, USA) [72-74].
Normalized U6 snRNA levels were used as an internal
quantitative control, and the 274" system was used to
estimate the expression levels of miRNAs used. All reactions
were run in duplicate to avoid errors and to accurately
determine cycle threshold mean values for each sample
including amplified miRNAs [72,73].

2.9. Statistical Analysis. The sample size of 110 subjects was
selected to give an estimated power of 96% and a significance
level of 0.05 with the expected frequency of 9.5%. Statistical
software SPSS version (IBM Statistics V.17) was used to
analyze the data. Continuous variables were expressed as the
mean + SD, and categorical variables were described as
counts and percentages.

The frequency differences between the groups were
analyzed using a nonparametric test (Kruskal-Wallis one-
way ANOVA) for variables such as lower back pain score,
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expression levels of miRNAs, VitD deficiency, bone markers,
inflammatory markers, muscle performance, and adiposity
markers. In addition, multiple stepwise regressions and
Pearson’s correlation analyses were used to estimate the
associations between LBP scores and miRNA levels, vitamin
D levels, bone markers, and other related LBP parameters.
All tests were two-tailed; because of multiple assessments,
results were only considered statistically significant at a p
value <0.01 [76].

The predictive values of vitamin D status, miRNAs (miR-
146a, miR-558, miR-155, and miR-124a), clinical malnu-
trition assessment score (SGA), physical activity (PA), ad-
iposity (BMI), Ca and vitamin D supplements, and s-Ca,
s-BAP, s-OC, CRP, IL-6, and TNF-«a levels were examined
using stepwise linear regression analysis. Variables with the
highest R® value and strong significance were added to the
model. Levels of circulating miRNAs (miR-146a, miR-558,
miR-155, and miR-124a), bone metabolism markers (s-Ca,
s-BAP, and s-OC), inflammatory markers (CRP, IL-6, and
TNF-a), and vitamin D, as well as Ca and vitamin D intake,
SGA, BMI, and MAMC, showed high R* values and strong
significance. On the other hand, PA, basal metabolic rate
(BMR kcal/day), total energy expenditure (TEE, kcal/day),
and sun exposure showed low R* values and were, thus,
neglected in the model.

3. Results

A total of 110 subjects were surveyed for the presence of LBP
(Table 1). Approximately, fifty-eight percent of the sample
were male (n = 64) and forty-one percent of the sample were
female (n =46) (Table 1). The incidence of LBP was reported
in all subjects (males and females) by using a modified
Oswestry lower back pain disability questionnaire (OSW) as
reported in Table 1. In total, 36.4% of the subjects had
normal cutoff values (LBP-OSW score: 8.96 + 3.6), whereas
63.6% had high LBP scores, classified as follows: 31.8% with
moderate LBP (LBP-OSW score: 31.4+9.1) and 31.8% with
severe LBP (LBP-OSW score: 54.9 + 14.6). This classification
was confirmed by the higher pain intensity scores
(p = 0.001) among subjects with moderate and severe LBP
compared to those obtained in normal cases (Table 1 and
Figure 1(b)).

Anthropometry and muscle mass investigations showed
a significant increase in adiposity markers (BMI and WHtR)
and lower scores of muscle parameters (MAC, TSF, and
MAMC) among subjects with moderate (p = 0.001) and
severe (p =0.001) LBP compared to those with minimal
LBP (Table 1). In addition, comparable values (p = 0.01) of
the adiposity markers (BMI and WHtR) and lower scores of
muscle parameters (MAC, TSF, and MAMC) were reported
in female compared to males of the same group of LBPs,
whereas females of both moderate (p = 0.01) and severe
(p =0.01) LBP showed significant change in BMI, WHIR,
MAC, TSF, and MAMC compared to males of the same
group (Table 1).

To study the effects of malnutrition and diet (including
Ca and vitamin D intake) on the status of LBP, SGA scores
were evaluated. Higher SGA scores (B and C) and lower diet

scores in terms of inadequate Ca and D intake were sig-
nificantly (p = 0.001) reported in subjects with moderate
and severe LBP compared to normal subjects (Table 1). In
addition, a reduction in PA scores and lower daily exposure
to sun were significantly (p =0.001) observed among
subjects with moderate to severe LBP. Moreover, females
showed lower PA scores with a shortage in daily exposure to
the sun with higher SGA scores (B and C) and lower diet
scores compared to males of the same group (Table 1).

We also estimated the correlation between inflammation
and vitamin D status and the incidence of LBP. In this
experiment, vitamin D, TNF-a, IL-6, and CRP concentra-
tions were estimated in all groups. Significant increases in
the levels of TNF-«, IL-6, and CRP and a decrease in the level
of vitamin D were found in subjects with moderate
(p =0.001) and severe (p = 0.001) LBP compared to those
with minimal LBP (Table 1 and Figures 1(b) and 1(c)).

The relationship between bone metabolism and LBP was
also evaluated in this study. It was found that the biosyn-
thesis of serum bone metabolism markers (s-CA, s-BAP,
s-OC, and s-NTX) was significantly reduced in subjects with
moderate (p = 0.001) and severe (p = 0.001) LBP compared
to subjects with minimal LBP, as shown in Table 1 and
Figure 1(d). Significant lower changes ((p = 0.01) in the
levels of s-CA, s-BAP, s-OC, and s-NTX were reported in
females compared to males of the same LBP group (Table 1).

All subjects with higher LBP showed a lower expression
of bone metabolism markers and higher inflammation,
which greatly affects physical activity and muscle function.

Regarding gender, females showed high LBP scores
compared to males of the same group (Figure 2(a)). In
addition, significant increases in the levels of TNF-a, IL-6,
and CRP and decreases in the level of vitamin D and in PA
scores were found in females with minimal (p = 0.05),
moderate (p = 0.01), and severe (p = 0.001) LBP compared
to male subjects of the same group (Figures 2(b)-2(f)).
However, in subjects with minimal LBP, there were com-
parable levels of TNF-a (p = 0.01), IL-6 (p = 0.001), CRP
(p =0.001), vitamin D (p = 0.001), and PA (p = 0.001) in
females compared to males, as shown in Figure 2 and in
Table 1.

Similarly, bone metabolism was significantly different in
females with LBP scores compared to males. The results
showed that the expression levels of s-Ca, s-BAP, s-OC, and
s-NTX were significantly (p = 0.001) reduced in females
with minimal, moderate, and severe LBP compared to males
of the same groups (Figure 3).

The association of circulating miRNAs with the inci-
dence of LBP and related consequences was estimated using
standard RT-PCR techniques in plasma samples of 90
subjects with different LBP scores, as shown in Figure 1(a).
The expressions of miR-146a and miR-558 were significantly
downregulated in subjects with moderate (n =35, r=0.345,
p=0.01) and severe (n=35, r=0.315, p=0.001) LBP
compared to subjects with minimal LBP (Figure 1(a)). On
the other hand, the expressions of miR-155 and miR-124a
were significantly upregulated in subjects with high LBP
scores compared to subjects with minimal LBP (Figure 1(a)).
Both up- and downregulated miRNAs correlated positively
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FiGure 1: Changes in biological parameters in subjects with different LBP scores. Significant changes were reported in the expression of
miRNAs; miR-146a and miR-558 were significantly downregulated and miR-155 and miR-124a were significantly upregulated in subjects
with moderate to severe LBP scores compared to subjects with minimal LBP scores (a). A significant decrease in the levels of vitamin D and
an increase in pain and LBP-OSW scores were reported in subjects with moderate to severe LBP, compared to those with minimal LBP
scores (b). Inflammatory markers as TNF-q, IL-6, and CRP were significantly increased in subjects with moderate (p = 0.01) and severe
(p =0.001) LBP scores compared to normal controls (c). In addition, biosynthesis of bone metabolism markers as s-Ca, s-BAP, s-OC, and s-
NTX was significantly reduced in subjects with moderate (p = 0.01) and severe (p = 0.001) LBP compared to subjects with minimal LBP

scores (d).

with BMI, WHtR, muscle function, malnutrition, PA score,
vitamin D status, and TNF-a, IL-6, and CRP levels, whereas
they correlated negatively with the intensity of pain, LBP
score (OSW scores), and markers of bone metabolism (s-Ca,
s-BAP, s-OC, and s-NTX). In addition, in subjects with LBP,
expressed miRNAs showed no significant correlation with
gender or age, as shown in Table 2.

The data confirmed that circulating miRNAs (miR-146a,
miR-558, miR-155, and miR-124a) can be used as molecular
biomarkers separately, in association with other related
biological markers such as vitamin D status, adiposity, bone
metabolism, and inflammatory markers, or in association
with muscle function to predict LBP and its potential risks in

older adults. Stepwise regression analysis revealed that
miRNAs (miR-146a, miR-558, miR-155, and miR-124a),
adiposity markers, SGA, MAC, MAMC, TSF, SGA, TNF-q,
IL-6, CRP, 5-Ca, s-BAP, 5s-OC, and s-NTX levels, diet scores,
and vitamin D deficiency were significantly associated with
an incidence of LBP between 63.9% and 86.4% in older
adults (Table 3).

4. Discussion

LBP was cross-sectionally surveyed in 110 older adults. Only
63.6% of the total population had high LBP scores, classified
as follows: 31.8% with moderate LBP (LBP-OSW score:
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FIGURE 2: Effect of gender on LBP prevalence rates, serum levels of inflammatory markers as TNF-a, IL-6, and CRP, vitamin D serum levels,
and physical activity scores in older adults (1 = 110). Regarding LBP prevalence, a higher incidence of LBP was reported in females compared
to males (a). In addition, a significant increase in the levels of TNF-a, IL-6, and CRP and a decrease in the levels of vitamin D and PA scores
were found in females with minimal (p = 0.05), moderate (p = 0.01), and severe (p = 0.001) LBP compared to males of the same group

(b-£).

31.4+9.1) and 31.8% with severe LBP (LBP-OSW score:
54.9+14.6). In general, females showed higher LBP dis-
ability scores compared to males.

The expression of circulating miRNAs was shown to be
associated with the incidence of LBP and related conse-
quences. The expressions of miR-146a and miR-558 were
significantly reduced while those of miR-155 and miR-124a
were significantly increased in subjects with moderate and
severe LBP scores compared to healthy normal subjects.
Both up- and downregulated miRNAs correlated positively
with BMI, WHtR, muscle function, malnutrition, PA score,
vitamin D status, and TNF-a, IL-6, and CRP levels, whereas
they correlated negatively with the intensity of pain, LBP
score (OSW scores), and markers of bone metabolism (s-Ca,
s-BAP, s-OC, and s-NTX).

In the elderly, a link between lower back pain (LBP) and
osteoporosis significantly induces several defects such as
skeletal deformities, joint imbalance, and tension in mus-
cular structures. These defects are always associated with
severe or intolerable back pain [8-10]. Furthermore, lower
back pain (LBP) was shown to be associated with severe pain

effects at least once or twice in the life of more than 80% of
the adult population. Furthermore, LBP showed a significant
association with tissue damage, muscle weakness, poor
physical activity, and psychological factors [11,12].

Several etiological factors such as adiposity, chronic
comorbidities, poor levels of physical activity, vascular pa-
thology, depression, and psychological issues showed a
significant association with the incidence of lower back pain
[13-15]. Moreover, good nutritional protocols could be used
to protect against chronic diseases such as LBP [16-18].

In this study, LBP was shown to be significantly linked
with a sedentary lifestyle characterized by poor PA, adi-
posity, higher scorers of malnutrition, and diets containing
inadequate amounts of both Ca and D. Consistent with these
data, previous studies have reported a relationship between
LBP and PA, obesity, deficient nutrient intake, and poor
eating behavior in subjects with LBP [21,77-79]. Moreover,
MAC, TSF, and MAMC as parameters of muscle perfor-
mance were significantly reduced in subjects with moderate
and severe LBP compared to those with minimal LBP. The
data confirmed that a higher incidence or recurrence of
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FiGure 3: Effect of gender on the biosynthesis of serum bone metabolism markers as s-CA, s-BAP, s-OC, and s-NTX in all subjects with
different LBP scores. Fold change in all estimated bone markers showed that s-CA, s-BAP, s-OC, and s-NTX are significantly (p = 0.001)
reduced in female subjects with minimal, moderate, and severe LBP scores compared to male subjects of the same groups.

TaBLE 2: Correlation between circulating miRNAs concentrations and biological parameters in patients with low back pain (LBP) (n=110).

Whole cohort (QRT-PCR)?

. . Downregulated miRNAs Upregulated miRNAs
Biological parameters . ) ) )
miR-146a miR-558 miR-155 miR-124a
R P R P R P R P

Age 0.78 0.12 0.67 0.19 0.59 0.23 0.74 0.13
Gender 0.48 0.11 0.36 0.14 0.29 0.17 0.43 0.16
Adiposity (BMI/WHtR) 0.46 0.001 0.26 0.001 0.49 0.003 0.76 0.002
Muscle function 0.26 0.01 0.18 0.01 0.28 0.01 0.25 0.02
Malnutrition 0.18 0.01 0.21 0.01 0.31 0.01 0.29 0.01
PA score 0.31 0.01 0.45 0.01 0.39 0.01 0.67 0.01
Pain score -0.48 0.001 -0.78 0.001 -0.58 0.001 -0.96 0.001
LBPscore (OSW score) -0.86 0.001 -0.128 0.001 -0.38 0.001 -0.49 0.001
Inflammatory markers 0.001 0.001 0.001 0.001
TNF-a (pg/ml) 0.45 0.65 0.71 0.85

IL-6 (pg/ml) 0.39 0.38 0.65 0.235

CRP (mg/L) 0.75 0.86 0.48 0.345

Bone metabolism 0.001 0.001 0.001 0.001
s-Ca (mmol/L) -0.48 -0.86 -0.48 -0.87

s-BAP (U/L) ~0.26 -0.56 -0.75 -0.59

s-OC (ng/mL) -0.36 -0.37 -0.18 —-0.48

S-NTX (pg/mL) -0.58 ~0.48 -0.56 ~0.56

Vitamin D status 0.65 0.001 0.38 0.001 0.89 0.002 0.78 0.001

“Data are R (spearman). Abbreviations: BMI: body mass index; WHtR: waist-to-height ratio; PA: physical activity; TNF-a: tumor necrosis factor-alpha; IL-6:
interleukin-6; CRP: C-reactive protein; s-Ca: serum calcium; s-BAP: serum bone-specific alkaline phosphatase; s-OC: serum osteocalcin; S-NTX: serum C-
terminal cross-linked telopeptide of type I collagen; LBP: low back pain; OSW: Oswestry Low Back Pain Disability Questionnaire, miR: microRNA.
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TaBLE 3: Stepwise multiple regression analysis for LBP predicted by adiposity, muscle function, PA score, malnutrition scores, markers of
bone metabolism, inflammatory markers, vitamin D status, and miRNAs profile as the significant correlates in subjects with LBP (n=110).

LBP disability scores (OSW scores; N=110)

Variables Normal (n=40; 36.4%) Moderate-LBP (n=35; 31.8%) Severe-LBP (n=35; 31.8%)
R2 (B)* 95% CI R2 (B)** 95% CI R2 (B)* 95% CI
Adiposity (BMI) 3.2 (0.51) 89 (75-96) 3.9 (0.49) 79 (69-95) 4.1 (0.47) 95 (89-100)
Vitamin D deficiency 6.5 (0.86) 95 (88-100) 7.1 (0.75) 96 (90-100) 7.6 (0.81) 97 (90-100)
Ca intake 3.1 (0.45) 90 (88-100) 2.8 (0.48) 96 (89-100) 1.6 (0.41) 91 (88-100)
Vitamin D intake 5.1 (0.36) 89 (86-100) 4.7 (0.75) 93 (89-100) 3.1 (0.67) 96 (89-100)
Muscle function
MAC 2.3 (0.18) 88 (86-98) 1.8 (0.15) 78 (66-98) 1.4 (0.35) 87 (75-100)
MAMC 1.8 (0.14) 78 (69-100) 1.5 (0.18) 92 (69-100) 1.3 (0.32) 89 (85-100)
TSF 1.9 (0.19) 91 (89-100) 1.6 (0.25) 95 (89-100) 1.2 (0.36) 96 (89-100)
SGA 1.6 (0.21) 89 (87-100) 1.3 (0.29) 94 (87-100) 1.0 (0.31) 93 (87-100)
PA (min/wk) 4.2 (0.38) 88 (75-100) 3.5 (0.45) 89 (75-100) 2.9 (0.65) 91 (75-100)
miRNAs profile
miR-146a 2.7 (0.85) 89 (86-100) 4.6 (0.75) 88 (86-100) 8.5 (0.65) 92 (86-100)
miR-558 3.3 (0.75) 87 (79-96) 3.9 (0.65) 89 (79-96) 5.2 (0.74) 95 (79-96)
miR-155 2.2 (0.59) 91 (88-100) 3.8 (0.49) 95 (88-100) 6.6 (0.56) 97 (88-100)
miR-124a 3.8 (0.46) 95 (90-100) 4.3 (0.42) 94 (90-100) 7.1 (0.48) 96 (90-100)
Inflammation profile
TNF-a (pg/ml) 1.6 (0.26) 85 (79-96) 3.4 (0.28) 88 (79-96) 10.5 (0.36) 91 (79-96)
IL-6 (pg/ml) 2.8 (0.31) 90 (88-100) 3.9 (0.36) 95 (88-100) 7.3 (0.45) 96 (88-100)
CRP (mg/L) 1.8 (0.16) 88 (90-100) 3.2 (0.21) 91 (88-100) 6.9 (0.28) 94 (88-100)
Bone metabolism
s-Ca (mmol/L) 3.6 (0.48) 95 (79-96) 2.9 (0.42) 89 (79-96) 2.5 (0.58) 95 (86-100)
s-BAP (U/L) 2.8 (0.35) 88 (79-96) 1.8 (0.32) 92 (79-96) 1.5 (0.38) 94 (79-100)
s-OC (ng/mL) 3.8 (0.24) 92 (88-100) 2.6 (0.29) 95 (88-100) 2.2 (0.32) 94 (88-100)
S-NTX (pg/mL) 5.8 (0.36) 86 (79-100) 4.3 (0.43) 89 (79-100) 3.9 (0.46) 91 (79-100)
TR2 (%) 63.9 (0.52) 98 (89-100) 66.9 (0.49) 96 (89-100) 86.4 (0.46) 95 (89-100)

Note. *p <0.01; * *p <0.001. XR2 = summation of cumulative values of R relating to studied variables. Abbreviations: CI, confidence interval; BMI, body mass
index; MAC: mid-arm circumference in cm; TSF: triceps skinfold thickness in mm; MAMC: mid-arm muscle circumference in mm; SGA: the Subjective
Global Assessment; PA: physical activity; miRNAs (small noncoding RNA molecules); OC: osteocalcin; s-BAP: serum bone alkaline phosphatase; s-Ca: serum
calcium; S-NTX: serum C-terminal cross-linked telopeptide of type I collagen; TNF-a: tumor necrosis factor-alpha; IL-6: interleukin-6; CRP: C-reactive

protein.

lower back pain among old adults was significantly asso-
ciated with tissue damage, muscle weakness, and lower
muscle performance [11,12,80].

Regarding gender effects on the incidence of LBP, in this
study, females with LBP showed a higher VitD deficiency
and increased levels of inflammatory markers (TNF-«, IL-6,
and CRP) compared to males. Moreover, s-Ca, s-BAP, s-OC,
and s-NTX as markers of bone metabolism were signifi-
cantly reduced in LBP females compared to males. The data
were significantly correlated with the severity of LBP. The
clinical importance of s-Ca, s-BAP, s-OC, and s-NTX bone
markers was significantly reported to reflect cartilage and
synovium tissue turnover, especially among patients with
bone and musculoskeletal diseases such as rheumatoid ar-
thritis (RA), osteoarthritis, and lower back pain [81-83]. A
reduction in the expression or biosynthesis of these markers
was reportedly exhibited among patients with

musculoskeletal diseases, particularly in patients with LBP,
and it was found to significantly indicate the degree of joint
degradation, which reflects both bone resorption and bone
formation among patients [84-86].

Previous studies showed that VitD deficiency could play
arole in the reported symptoms of chronic LBP contributing
to diffuse pain, bone muscle, and weakness [87]. Low levels
of vitamin D produce an increase in the expression of
parathyroid hormone, which in turn leads to an increase in
bone turnover, thus increasing the risk of microfractures in
the endplate or more severe bone loss in females compared
to males [88]. A link between lower back pain (LBP) and
osteoporosis (OP) or bone loss has been significantly
identified in large population studies, especially in the el-
derly [8,9,89,90]. On the other hand, in elderly persons with
bone loss, a reduction in the number and size of muscle
fibers with a preferential loss of type II fibers was reported
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[10], whereby these biosynthetic changes significantly in-
crease the risk of muscle atrophy, bone loss, and bone
fractures [91,92].

In this study, like many others, metabolic and inflam-
matory responses were shown to be associated with muscle
damage and injury present in subjects with LBP. Selected
inflammatory biochemical mediators (i.e., cytokines as TNF-
a, IL-6, and CRP) were found to be higher in female subjects
with LBP compared to males [93-97].

Circulatory microRNAs (miRNAs), which are small
noncoding inhibitory RNAs, were shown to play a pivotal
role in regulating pain processing within a wide range of
experimental models and clinical pain disorders [31-34].

In this study, circulating miRNAs (miR-146a, miR-558,
miR-155, and miR-124a) as biomarkers of back pain in-
tensity were estimated using standard RT-PCR techniques.
In subjects with moderate and severe LBP, we identified four
circulating miRNAs, including decreased concentrations of
miR-146a and miR-558 and increased concentrations of
miR-155 and miR-124a, which were strongly associated with
measures of BMI, WHtR, muscle function, pain intensity,
malnutrition, PA score, and other LBP-related biomarkers
such as vitamin D status, TNF-a, IL-6, and CRP levels, and
markers of bone metabolism (s-Ca, s-BAP, s-OC, and
s-NTX). The progression of pain intensity was shown to be
linked with the aberrant expression of microRNAs [35-42].
Furthermore, significant changes in the expression of some
miRNAs were reported in patients with peripheral inflam-
mation, a nerve injury that drives severe pain [37-40]. These
changes in miRNAs may induce alterations in the expression
of some pain-associated genes, leading to an increase in
neuronal excitability and behavioral pain hypersensitivity
[38,40-42]. These studies indicate that miRNAs might be
novel key players in the mechanisms underlying the de-
velopment and maintenance of chronic pain.

Additionally, the stepwise regression analysis performed
in this study revealed that miRNAs (miR-146a, miR-558,
miR-155, and miR-124a), in association with vitamin D
deficiency, bone markers, and other related LBP cofounders,
were significantly associated with an incidence of LBP be-
tween 63.9% and 86.4% in older adults. Our data might
support the possibility of applying microRNAs as thera-
peutics to alleviate established pain and as biomarkers in
painful conditions (e.g., complex regional pain syndrome
and fibromyalgia), as significantly reported in several clinical
studies [43-45].

In summary, this study proposed that the regulation of
miRNA expression may have potential prognostic value in
subjects with LBP. Thus, the early detection of any changes
in circulating miRNAs may play a promising role in iden-
tifying older subjects who may suffer from severe LBP.

5. Conclusions

In older adults with vitamin D deficiency, the severity of LBP
was significantly associated with the expression of circu-
lating miRNAs, adiposity, bone metabolism, inflammation,
and muscle performance. In addition, this study revealed
that miRNAs (miR-146a, miR-558, miR-155, and miR-
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124a), together with vitamin D deficiency, bone markers,
and other related LBP cofounders, were significantly asso-
ciated with an incidence of LBP between 63.9% and 86.4% in
older adults. These results suggest the possibility of using
microRNAs as therapeutics to alleviate established pain and
as biomarkers in older adults with painful conditions.
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