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Background: Intervertebral disc degeneration (IDD) was considered to be the pathological
basis of intervertebral disc herniation (IDH). However, the plasma melatonin in the IDD
cases and healthy controls remained unclear.

Methods: In this case—control study, a total of 71 IDD cases and 54 healthy controls were
enrolled between April 2020 and August 2020. The diagnostic effect of plasma melatonin for
IDD was detected using receiver operating characteristic curve. The correlations between
two continuous variables were detected with the Pearson linear analyses.

Results: It was found that lower melatonin concentration was detected in the IDD cases
(1.906 £ 1.041 vs 3.072 £ 0.511 pg/mL, P<0.001). Through receiver operating characteristic
curve analyses, it was found that plasma melatonin could be used as a diagnostic biomarker
for IDD (area under curve=0.808, P<0.001). In advanced correlation analyses, it was found
that plasma melatonin concentration was negatively associated with the age, symptom
durations, IDD disease severity and proinflammatory factors, including IL-6 and TNF-a
concentrations (P<0.05). Comparing with the higher melatonin groups, significantly
increased IL-6 (0.601 + 0.085 vs 0.507 + 0.167 pg/mL, P=0.028) and TNF-a (3.022 +
0.286 vs 2.353 £ 0.641, P<0.001) were detected in the patients with lower melatonin
concentration.

Conclusion: The plasma melatonin concentration was significantly decreased in the IDD
cases and plasma melatonin could be used as a diagnostic biomarker for IDD. Lower plasma
melatonin was associated with longer disease durations, elevated disease severity and higher
inflammatory cytokines levels in IDD patients.
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Introduction

Lumbar disc herniation (LDH) was the main cause of low back pain and sciatica.
Intervertebral disc degeneration (IDD) was considered to be the pathological basis
of intervertebral disc herniation,' but its underlying exact mechanism remained
unclear. The effective treatments for severe spinal degenerative diseases were still
surgeries, however, both fusion and non-fusion surgeries would influence the
normal physiological structures of the intervertebral disc, and thus cause internal
fixation failure, prosthesis wear, and adjacent segment regression. Various compli-
cations, such as physiological anatomy change and re-revision surgery, would
increase the therapeutic costs and then caused a great economic burden on
society.” The etiology of IDD was complex and previous studies revealed that
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increased age,” unhealthy behaviors and inflammatory
IDD

Considering the important therapeutic value for the early

reactions were associated with incidence.*
management of IDD, detecting a potential molecular bio-
marker would provide both advanced understanding and
more potential treatments for the IDD cases.

Melatonin was a neuroendocrine hormone and it was
currently clinically used to regulate the circadian rhythm,
adjust the jet lag, and relieve insomnia. The synthesis and
secretion of melatonin are mainly regulated by the inten-
sity of light stimulation.>® However, it was found that
melatonin would demonstrate a variety of biological
functions, such as antioxidative, anti-inflammatory,
immune regulation and anti-tumor effects. It played pro-
tective roles in the biological processes of ischemia,
hypoxia and reperfusion damage.”” In an in-vitro study
based on human nucleus pulposus (NP) cells, it was
found that melatonin could affect the biological proper-
ties of IDD through activating the ERK1/2 signaling
pathway.'® Another elegant work reported that IL-1p
could promote its own expression through NLRP3
inflammasome activation, while melatonin could be
regarded as a potential therapy for IDD through disrupt-
ing the IL-1B positive feedback loop.'' It has been
reported that abnormal circulating melatonin concentra-
tion could be used as a biomarker of different disorders,
including long-term survival in pulmonary arterial hyper-
tension and hip fracture patients with and without
delirium.'*"* Considering the diagnostic and prognostic
effects of plasma melatonin in IDD, it could be used as an
indicator for IDD development and progression. In this
study, we conducted a case—control study to detect the
diagnostic effects for IDD. In the advanced analyses, the
relationship between plasma melatonin and proinflamma-
tory factors were examined to detect the effects of mela-

tonin on inflammatory reactions.

Methods

Study Designs

This current study was a prospective, case—control study.
This study protocol was approved by the Ethical
Committee of the First Affiliated Hospital of Soochow
University. All the procedures in this current study were
conducted in accordance with Declaration of Helsinki. The
written informed consents were obtained by all IDD cases
and healthy volunteers.

Study Populations

A total of 71 IDD cases and 54 healthy controls were
enrolled between April 2020 and August 2020 in the
Department of Orthopedics, the First Affiliated Hospital
of Soochow University. In the IDD group, there were 39
females and 32 males, and there were 30 females and 24
males in the control group. The mean age was 59.0 + 16.1
years in the IDD group and 55.6 + 17.2 in the control
group. There were no significant differences in the distri-
bution in gender or age between the two included groups
(P=0.545 and 0.259, respectively).

Inclusion and Exclusion Criteria of the
Experimental Group Were Listed as

Below
Inclusion criteria: (1) Symptoms: low back pain with unilateral
or bilateral lower limb nerve root radiation pain; (2) Special
nerve root stimulation test: straight leg improvement test,
strengthening test or femoral nerve tension test positive; (3)
muscle weakness, Numbness or lack of corresponding knee
reflex or ankle reflex; (4) CT or magnetic resonance imaging
(MRI) examination confirmed signs of disc herniation.
Exclusion criteria: (1) combined with spinal stenosis
and spondylolisthesis; (2) with multi-segment disc hernia-
tion; (3) combined with spinal cord tumor; (4) history of
spinal cord trauma; (5) combined with intervertebral space
infection; (6) The corresponding segment of the interver-
tebral disc has a history of previous surgery; (7) with
coronary heart disease, cerebrovascular disease, rheuma-
toid arthritis; (8) patients younger than 18 years old.
group
Inclusion criteria: imaging diagnosis of lower limb frac-

Control inclusion and exclusion criteria:
tures (including femoral fractures, tibial fractures, ankle
fractures, etc.), knee meniscus tear, cruciate ligament rup-
ture, and confirmed by surgical treatment. Exclusion cri-
teria: (1) combined with spinal cord tumors, previous
history of spinal cord trauma; (2) combined with low
back pain; (3) osteoarthritis, rheumatoid arthritis of the
knee joint on the surgical side or the contralateral side;
(4) previous lower limb surgery History; (5) Complicated
with coronary heart disease, cerebrovascular disease, rheu-
matoid arthritis; (6) Patients younger than 18 years old.

Clinical Data Collection and Blood

Samples Management
After the participants in both IDD and control groups

being enrolled in this study, the basic clinical
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characteristics, including gender, age, smoking history,
body mass index (BMI) value, back pain symptom dura-
tions as well as diabetic mellitus (DM) and hypertension
history. The Pfirrmann grade was used to evaluate the
severity of IDD and they were divided into five grades
by two experienced spine surgeons (Tian Yixing and Ji
Yiming). Previous studies have shown that the density,
activity, and ability of the cells in the intervertebral disc
to produce functional proteins gradually decrease with the
Pfirrmann grading increases, and it confirmed that the
Pfirrmann grading system could accurately reflect the
degeneration of the intervertebral disc at the biological
cell activity.'* The blood samples were collected between
9:00 am and 10:00 am after the clinical data being col-
lected. A total of 2 mL vein blood was collected from the
participants and then placed in the anticoagulated tubes
with EDTA. The blood samples would be sent for centri-
fuge in 3000 rpm and 5 minutes as soon as possible. The
plasma samples were obtained through aspirating the
supernatant carefully and all the plasma samples were
kept in —80°C until use.

Determination of Melatonin and

Proinflammatory Factors

Plasma melatonin concentrations of both IDD patients and
healthy controls were measured using human melatonin
ELISA Kit (Cat#: 10,698, Glory Science, USA). IL-1,
IL6 and TNF-a levels in the plasma were measured using
IL-1B (Cat#:QLB00B, R&D, USA), IL-6 (Cat#: RJ11850,
Renjie Bio, China) and TNF-a (589,201-480, Cayman,
USA) ELISA kit. All the measurements were conducted
according to the manufacturer’s protocols. Three repeats
for all the samples measurement were adopted and the
average value was used in final analyses.

Statistical Analysis

The continuous data were present as a mean =+ standard
deviation (SD) in this current study. The difference
between two groups was analyzed with non-paired #-test,
and the difference among more than two groups were
analyzed with one-way analysis of variance (ANOVA)
followed by the newman-keuls method for multiple com-
parison analysis test. The difference of grouped data was
analyzed with Chi-square analysis. The diagnostic effect
of plasma melatonin for IDD would be detected using
receiver operating characteristic curve. The linear correla-
tion between two descriptive data was detected with the

Pearson linear analyses. The alpha significance value was
< 0.05.

Results

Participant Characteristics

In this case—control study, the potential participants were
screened for inclusions or exclusions based on the criteria
for both IDD cases and healthy controls. As showed in
Figure 1, the after excluding the inappropriate participants,
a total of 71 IDD cases and 54 healthy controls were included
in this study. The blood samples collections and laboratory
examination were conducted for advanced analyses.

After analyzing the clinical characteristics, plasma
melatonin levels and the proinflammatory factors concen-
trations of the included participants in this study. The
comparisons of these characteristics of the control and
IDD cases were presented in Table 1. There were no
significant differences in smoking status, BMI levels as
well as DM and systemic hypertension histories between
IDD cases and healthy controls (P=0.081, 0.164, 0.458
and 0.564, respectively). The mean symptom duration of
the IDD cases was 30.00 = 9.04 months and there were 7,
10, 28 and 26 IDD cases in Pfirmann Grade 2, 3, 4 and 5,
respectively. In the advanced analyses on the melatonin
levels and the proinflammatory factors concentrations,
a higher IL-6 (0.601 + 0.085 vs 0.507 + 0.167 pg/mL,
P<0.001) and a higher TNF-a (2.523 + 0.642 vs 1.975 +
0.078 pg/mL, P<0.001) levels were detected in the IDD
cases comparing with the control group. No significant
difference was detected in the IL-1p between IDD cases
and healthy controls (P=0.850).

Decreased Plasma Melatonin in IDD

Cases

As shown in Figure 2A, a significant decreased melatonin
concentration was detected in the IDD cases in Pfirmann
Grade 3, 4 and 5, respectively (P=0.009, P<0.001 and
P<0.001, respectively). In advance, the diagnostic effect of
plasma melatonin for IDD were detected using receiver
operating characteristic curve with the plasma melatonin
data in 71 IDD cases and 54 controls. It was found that
melatonin could be used as a diagnostic biomarker for IDD
with an area under curve of 0.808 and P<0.001 (Figure 2B).

Melatonin Related Factors Detection
When the plasma melatonin in females and males were
considered, it was 2.38 + 1.04 pg/mL in the females and
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Figure | The flow chart of participants screening, including, grouping, examination and analyses in this study.

245 + 1.03 pg/mL in the males. No significant difference
was detected in the plasma melatonin concentrations among
females and males (P=0.692). To detect the clinical and
experimental factors associated with the melatonin level,
the correlation matrix was conducted in both normal controls
and IDD cases. As showed in Figure 3A, melatonin level
was negatively associated with increased age (r=—0.800,
95% CI: —0.8796 to —0.6779, P<0.001). No significant linear
correlation was detected in melatonin level and other factors
and the detailed data was presented in Figure 3A. In the IDD
cases, significant negative correlation between melatonin
level and age was detected (r=—0.380, 95% CI: —0.5633 to
—0.1609, P=0.001). When the IDD symptom duration and
disease severity considered, lower melatonin was associated
with longer symptom duration and advanced disease severity
(r=0.487, P<0.001, and r=0.740, P<0.001, respectively).
Besides, significant linear between IL6 and TNF-a levels
were detected (r= 0.720, 95% CI, 0.585 to 0.816, P<0.001).
The detailed correlations were presented in Figure 3B.

In advanced study on the correlation between melatonin
level and proinflammatory factors concentrations, it was found
that melatonin was negatively associated with IL6 and TNF-a
levels (P<0.001). As showed in Figure 4, no significant linear
association between melatonin and IL-1f level in the IDD
cases (R?=0.032, P=0.137, Figure 4A). Negative linear corre-
lations between plasma melatonin and IL-6 (R*=0.407,
P<0.001, Figure 4B) and TNF-a (R?=0.575, P<0.001, Figure
4C) were detected using a linear regression model.

Clinical and Experimental Characteristics
in IDD Patients with Lower Melatonin

Level

To detect the effect of melatonin in the clinical and experi-
mental characteristics of IDD cases, the patients with IDD in
Ist quartile of melatonin levels were compared with the 2nd
to 4th quartiles. As showed in Table 2, no significant differ-
ence in age, gender, smoking history, BMI as well as DM or
hypertension history was detected (P>0.05). The symptom
duration was 39.78 + 18.16 months in the lower melatonin
group while it was 26.68 + 18.17 months in the higher
melatonin group (P=0.011). There were 3 and 15 cases in
Pfirmann Grade 4 and 5 groups in the lower melatonin
groups, while there were 7, 10, 25 and 11 cases in Pfirmann
Grade 2, 3, 4 and 5 groups in the higher melatonin groups
(P<0.001). Comparing with the higher melatonin groups,
significantly increased IL-6 (0.601 + 0.085 vs 0.507 + 0.167
pg/mL, P=0.028) and TNF-o (3.022 + 0.286 vs 2.353 +
0.641, P<0.001) were detected. No significant difference in
the IL-1p between lower and higher melatonin group was
detected in this current case—control study (P=0.850).

Increased Plasma Pro-Inflammatory
Factors in the IDD Cases

In advanced studies, the plasma pro-inflammatory factors,
including IL-1B, IL-6 and TNF-a, in the healthy controls and
IDD cases in different stages were presented in Figure 5. As
demonstrated in Figure 5A, no significant difference among
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Table | Baseline Characteristics of the Included Participants in This Study
Control (n=54) IDD (n=71) P value
Age (years, mean * SD) 55.6 + 17.2 59.0 = 16.1 0.259
Gender

Female (n, %) 30 (55.6%) 39 (54.9%) 0.545

Male (n, %) 24 (44.4%) 32 (45.1%)

Smoking (n, %) 14 (25.9%) 28 (39.4%) 0.081
BMI (kg/m?, mean % SD) 25.62 £ 3.11 26.77 £ 537 0.164
DM (n, %) 19 (35.2%) 22 (31.0%) 0.458
Hypertension (n, %) 25 (46.3%) 33 (46.5%) 0.564
Symptom duration (months, mean + SD) — 30.00 £ 9.04 —
Pfirmann Grade (n, %)

2 — 7 (9.9%) —

3 — 10 (14.1%) —

4 — 28 (39.4%) —

5 — 26 (36.6%) —
Melatonin (pg/mL, mean + SD) 3.072 £ 0.511 1.906 + 1.041 <0.001
IL-1B (pg/mL, mean % SD) 31.74 £ 9.84 33.85+ 11.61 0.290
IL-6 (pg/mL, mean % SD) 0.328 + 0.047 0.531 = 0.156 <0.001
TNF-o (pg/mL, mean + SD) 1.975 + 0.078 2.523 + 0.642 <0.001

Notes: Statistical analysis (P value) of differences in levels between control and IDD participants was performed using unpaired t-test or Chi-square analysis. The

comparison with statistical significance was in bold in the table.

healthy controls and IDD cases in any stages were detected
(P>0.05). Comparing with the control group, higher plasma
IL-6 was detected in the IDD cases with Pfirrmann grade 3,
4 and 5, respectively (P=0.002, P<0.001, and P<0.001,
respectively, Figure 5B). When the plasma TNF-a concen-
trations were considered, higher levels of plasma TNF-a
would be detected in the IDD cases with Pfirrmann grade
3, 4 and 5, respectively (P=0.035, P<0.001, and P<0.001,
respectively, Figure 5C).

Discussion

In this current study, we studied the plasma concentration
of melatonin in the IDD cases. Through analyzing the
melatonin concentration in 71 IDD cases and 54 controls,
it was found that lower melatonin concentration was
detected in the IDD cases. Through receiver operating
characteristic curve analyses, it was found that plasma
melatonin could be used as a diagnostic biomarker for
IDD. In the advanced correlation analyses, plasma mela-
tonin concentration was found to be negatively associated
with the increased age, symptom durations, IDD disease
severity and concentrations of proinflammatory factors,
including IL-6 and TNF-a. This study highlighted the
important roles of plasma melatonin in the development

of IDD and provided deepened understanding of melatonin
in the potential management of IDD.

Melatonin, as an important endocrine hormone,
demonstrated important physiological functions including
regulating the rhythm of the biological clock, metabolism
regulation, anti-oxidation, and modify reproductive
functions.'>'® As lower plasma melatonin was associated
with increased age,'” thus plasma melatonin was asso-
ciated with different degenerative disorders, including neu-
rodegenerative disease and retinal degeneration.'®'® IDD
was also an age-related disorder and it was natural to
suppose that plasma melatonin was decreased in the IDD
cases. In this current age-matched case—control study, it
was found that plasma melatonin was lower in the IDD
cases. However, it was noticed that a significant negative
correlation between plasma melatonin and age was
detected in both healthy controls and IDD cases, thus it
provided us a clue that aging was a least one of the causes
of the decreased melatonin. Besides, as the polymorphisms
in melatonin synthesis pathways would influence the mel-
atonin levels and was reported to be associated with the
incidence with different diseases.”® Previous studies
demonstrated that male gender could be regarded as
a risk factor for IDD and IDH,'?' it was interesting to
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detected the contribution of gender factor on the abnormal
melatonin production in the IDD cases. As this is a gender-
matched case—control study, no significant difference in
the gender distribution between IDD cases and healthy
controls. Considering the fact that lower melatonin was
detected in the IDD cases, the gender was not a decisive
factor for IDD incidence. This result was consistent with
previous research about the melatonin level in the hip

3

fractures cases,'” thus we can generate a preliminary

conclusion that gender did not influence the melatonin
level in the IDD cases. However, considering the com-
plexed regulation factors and various functions of melato-
nin in different biological  progresses, more
pathophysiological regulations and genetic background of
melatonin production would help to detect the effect of
melatonin in the IDD development in the future.

In this current study, lower plasma melatonin was
reported to be significantly associated with longer
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symptom durations and advanced IDD disease severity. As
a biomarker associated with worsen IDD development, the
melatonin supplementation would provide potential ther-
apy effect for the IDD. In previous studies, it was reported
that melatonin could promote the secretion of functional
factors influencing the NP cell physiology and retard cell
degeneration, thereby affecting the biological properties of
the IDD.'? In another study based on cultured NP cells, it

was found that melatonin could protect nucleus pulposus
cells against apoptosis via mitophagy induction and ame-
liorated disc degeneration, providing the potential therapy
for IDD.?* Considering that Melatonin was approved by
the US Food and Drug Administration (FDA) as a raw
material for dietary supplements, the clinical studies on the
effects of melatonin on the IDD cases would help us to
understand the biological effects of melatonin. It was also

Table 2 Clinical and Experimental Characteristics in IDD Patients in and Above the Ist Quartile of Melatonin Levels

Melatonin P value
Ist Quartile (<1.06 pg/mL) Quartile 2-4 (=1.06 pg/mL)

n 18 53 —
Age (years, mean *+ SD) 64.07 + 1241 57.33 + 16.83 0.128
Gender

Female (n, %) 10 (55.6%) 29 (54.7%) 0.586

Male (n, %) 8 (44.4%) 24 (45.3%)
Smoking (n, %) 9 (50.0%) 19 (35.8%) 0.216
BMI (kg/m?, mean % SD) 26.08 + 4.68 27.01 £ 557 0.534
DM (n, %) 5 (27.8%) 17 (32.1%) 0.560
Hypertension (n, %) 10 (55.6%) 23 (43.4%) 0.267
Symptom duration (months, mean + SD) 39.78 + 18.16 26.68 + 18.17 0.011
Pfirmann Grade (n, %)

2 0 (0%) 7 (13.2%) <0.001

3 0 (0%) 10 (18.9%)

4 3 (16.7%) 25 (47.2%)

5 15 (83.3%) I'l (20.8%)
IL-1B (pg/mL, mean * SD) 3339 % 11.56 34.00 £ 11.65 0.850
IL-6 (pg/mL, mean * SD) 0.601 * 0.085 0.507 + 0.167 0.028
TNF-o (pg/mL, mean * SD) 3.022 £ 0.286 2.353 £ 0.641 <0.001

Notes: Statistical analyses (P value) of differences in levels between control and IDD participants was performed using unpaired t-test or Chi-square analysis. The

comparison with statistical significance was in bold in the table.
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important to start the well-designed clinical trials after the
protective effects and potential harmful effects were
detected in more and more reliable animal models.

The anti-inflammatory effects of melatonin had been
reported in various in-vitro studies and animal
models.*> %> Chronic inflammation was also a risk factor
for IDD and has been reported to be related with the
development of IDD and the back pain.*®*’ In this study,
higher plasma melatonin was associated lower IL6 and
TNF-0 concentrations, and it provided us a highlighted
that which

would increase the plasma melatonin, might provide

information melatonin  supplementation,
a significant therapy effect through down-regulation of
the inflammation. The anti-inflammation effect of melato-
nin was also approved in IDD animal and cell models in

11,2 . .
2% more studies on the melatonin sup-

previous studies,
plementation on the proinflammatory factors in IDD
patients would help in the understanding of the therapy
effects of melatonin on IDD.

There were several strengths and limitations in this
current study. The strengths included the relative compre-
hensive clinical and laboratory characteristics as well as
a fixed time-point of the blood collection. While, there
were also several limitations should be noted. First, sev-
eral types, such as herniation, Schmorl’s node, Modic
changes and so on, are included in the IDD, however,
only the intervertebral herniation cases were included in

the analyses. The melatonin concentrations in different
IDD subtypes would help the understanding of the effects
of melatonin on IDD incidence and we would like to
presenting the melatonin levels in different IDD subtypes.
Second, the absence of NP melatonin data weaken the
mechanism detection on the effects of melatonin. Third,
it was hard to detect the prognosis effect of plasma for the
IDD progression without a long-term follow-up. In the
advanced clinical studies, the melatonin levels in IDD
subtypes, NP tissues and follow-up data would be
included in the studies and thus provide more knowledge
on the effects of melatonin on IDD incidence and
progression.

Conclusions

In conclusion, the plasma melatonin was significantly
decreased in the IDD cases and plasma melatonin could
be used as a diagnostic biomarker for IDD. Advanced
analyses demonstrated that lower plasma melatonin was
associated with longer disease duration, elevated disease
severity and higher inflammatory cytokines levels in IDD
patients.

Abbreviations

IDD, intervertebral disc degeneration; LDH, lumbar disc
herniation; MRI, magnetic resonance imaging; DM, dia-
betic mellitus; SD, stand difference; ANOVA, one-way
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analysis of variance; IL-1p, interleukin-1p; IL6, interleu-

kin-6; TNF-0, tumor necrosis factor-o; BMI, body mass

index.
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