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Objective: This study was designed to determine whether lymphocyte to monocyte ratio (LMR) correlated with the intervertebral 
disc degeneration (IDD) severity and the postoperative spinal fusion rate in patients with lumbar disc disease.
Methods: 303 patients undergoing posterior lumbar decompression and fusion were retrospectively analyzed. An examination of the 
blood count was performed before surgery. The cumulative grade was calculated by summing the pfirrmann grades of all lumbar discs. 
Grouping was based on the 50th percentile of cumulative grade and spinal fusion. The relationship between LMR and IDD severity 
and spinal fusion was explored using correlation analyses and logistic regression models. The receiver operating characteristic (ROC) 
curve was performed to measure model discrimination, and Hosmer-Lemeshow (H-L) test was used to measure calibration. 
Meanwhile, the ROC curve evaluated the discrimination ability of LMR in predicting severe degeneration and fusion failure.
Results: LMR was significantly lower in the severe degeneration group (cumulative grade > 18) than in the mild to moderate 
degeneration group (cumulative grade ≤ 18). Furthermore, the LMR of the fusion group was significantly higher than that of the non- 
fusion group. The multivariate binary logistic models revealed that LMR was an independently influencing factor of the severe 
degeneration and fusion failure (OR: 0.793, 95% CI: 0.638–0.987, p = 0.038; OR: 0.371, 95% CI: 0.258–0.532, p < 0.001). The 
models showed excellent discrimination and calibration. The area under the curve (AUC) of severe degeneration and fusion failure 
identified by LMR were 0.635 and 0.643, respectively, and the corresponding cut-off values were 3.16 and 3.90.
Conclusion: LMR is significantly associated with the risk of severe disc degeneration and spinal fusion failure.
Keywords: intervertebral disc degeneration, spinal fusion, lymphocyte to monocyte ratio, prognostic factor

Introduction
Lumbar disc degenerative (LDD) predisposes to cause secondary disorders such as lumbar disc herniation, lumbar 
spondylolisthesis, and lumbar spinal stenosis, the main cause of lower back pain and neuralgia. Intervertebral disc 
degeneration (IDD) is a complex and multifactorial process influenced by aging, lifestyle, high mechanical load, 
infection, obesity, and heredity.1–6 These initialization factors, such as annulus fibrosus rupture and nucleus pulposus 
protrusion, lead to morphological changes. With the rapid development of molecular biology and molecular immu-
nology and the in-depth study of cytokines and inflammatory mediators, more and more attention has been paid to the 
role of cytokines and inflammatory mediators in IDD.7 Many studies have shown that degenerative disc tissue can 
produce potent inflammatory mediators such as nitric oxide, interleukin-1, and interleukin-6, and their concentration 
in degenerative intervertebral disc is increased.8,9 Although the mechanisms have not yet been elucidated, the role of 
these factors in disc degeneration is prominent. As we all know, inflammation is related to the occurrence and 
development of many diseases. It is characterized by the synergistic activation of various signal pathways and 
regulates the expression of proinflammatory and anti-inflammatory mediators of recruited leukocytes in tissue cells 
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and blood.10 IDD is associated with increased proinflammatory cytokines secreted by infiltrating leukocytes (includ-
ing macrophages, neutrophils, and T cells).11 Chronic inflammation induced by these proinflammatory cytokines will 
lead to irreversible structural and biochemical changes in the disc.12 In addition, the release of proinflammatory 
cytokines induces macrophage differentiation and activates lymphocytes to help mediate the inflammatory response 
and up-regulates the expression of degrading enzymes to decompose proteoglycan and collagen in the extracellular 
matrix, resulting in abnormal metabolism of nucleus pulposus cells.13

For patients with lumbar disc degeneration, conservative therapies, such as oral anti-inflammatory and analgesic drugs or 
physical therapy, are advocated for mild-to-moderate symptoms. However, some patients need surgical treatment because 
conservative treatments fail to alleviate the symptoms adequately. These surgical modalities include spinal fusion or non- 
fusion surgery. Many studies have confirmed that posterior lumbar fusion surgery has achieved good clinical results in treating 
lumbar degenerative diseases.14 However, clinical trials have found that some patients have fusion failure after spinal fusion 
surgery.15 At the same time, some studies have shown that the high inflammatory state of the fusion site will reduce the 
osteogenic ability, which is not conducive to spinal fusion.16,17 For example, the increased expression of IL-1 and IL-6 at the 
fusion site will reduce the spinal fusion rate.18 Moreover, Zhang et al found that M1 macrophages gathered locally and 
mediated inflammatory response, reducing the fusion rate after spinal fusion.19

Collectively, the inflammatory response is not only involved in the occurrence of disc degeneration but also affects the 
clinical efficacy after spinal fusion. Lymphocyte to monocyte ratio (LMR) has recently been reported as a potential new 
biomarker of the baseline inflammatory process in cerebrovascular disease.20 In previous studies, lymphocytes or monocytes 
were only used as predictors of infection after spinal fusion,21,22 which could not be associated with spinal fusion rate and 
disease severity. More importantly, studies have shown that the ratio of compound inflammatory cells may have a higher 
predictive ability than traditional inflammatory factors.23 Nevertheless, the relationship between lymphocyte to monocyte 
ratio and the severity of disc degeneration and postoperative clinical outcome is still uncertain and worth exploring.

This study aimed to investigate the association of LMR before lumbar fusion with the degeneration severity and 
postoperative fusion rate in patients with lumbar disc degeneration. At the same time, according to the previous literature, 
we hypothesize that low LMR is associated with severe disc degeneration and fusion failure.

Material and Methods
Study Design and Participants
In this study, 303 lumbar disc herniation or lumbar spinal stenosis patients with low back pain as the main complaint and 
planning lumbar fusion surgery were retrospectively analyzed between April 2019 and March 2020 in the department of 
spine surgery of our hospital. Blood samples were collected for routine examination at admission. The study was 
conducted in accordance with the Helsinki Declaration. The study was approved by the Shanghai East Hospital Ethics 
Committee and obtained the informed consent of the participants or their legal representatives.

Inclusion criteria: (1) degenerative disorders of the lower lumbar spine such as lumbar disc herniation and sympto-
matic lumbar spinal stenosis with severe lower back pain and radiculopathy; (2) the presence of nerve root stimulation (a 
positive straight leg elevation test) or neurological disorders (motor weakness, numbness in the lower extremities, or lack 
of corresponding reflexes); (3) MRI findings of single-level herniated discs or spinal stenosis were also required for all 
participants in agreement with their presentation; (4) patients who intend to receive single-level posterior lumbar 
decompression and fusion surgery.

Exclusion criteria: (1) previous spinal infections, injuries, or tumors; (2) multilevel disc lesions observed on MRI; (3) 
The corresponding disc segment has a previous history of spine surgery; (4) known history of chronic diseases of the 
lungs, kidneys, or liver; (5) known inflammatory status (eg, osteomyelitis, systemic lupus erythematosus, ankylosing 
spondylitis, rheumatoid arthritis, and others); (6) lost to follow-up or incomplete follow-up data.

Data Acquisition
Each participant completed a standard demographic assessment (such as age, sex, BMI, and current smoking) on the day 
of admission. The VAS (visual analog scale) score is used to assess lower back pain. A VAS score of 0 indicates no pain, 
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and a VAS score of 10 indicates the most severe pain. According to the Pfirrmann grading system, lumbar disc levels 
were graded from 1 to 5 based on T2-weighted mid-sagittal MRI images. Pfirrmann grades were combined for all lumbar 
discs to calculate the cumulative grade. If there are discrepancies, the third spine surgeon will be consulted, as needed, to 
resolve them. In the routine clinical diagnosis and treatment process, not every patient will receive a bone mineral density 
examination. Therefore, the diagnosis of osteoporosis was measured by lumbar CT value (L1 CT value ≤ 110 HU) as 
described in prior literature.24,25

The decompression and fusion surgery was performed on the patients using a conventional posterior surgical method. 
All resected discs were found to be responsible during intraoperative fluoroscopy prior to removal. A record of the length 
of hospitalization was kept. Follow-up radiography was prescribed for the patients after discharge. The imaging system 
collected lumbar CT data from patients two years after spinal fusion surgery to assess the spinal fusion rate. The included 
population was divided into fusion and non-fusion groups according to whether the spinal column of the surgical segment 
was fused during the follow-up period. Spinal fusion was evaluated by an experienced radiologist without prior 
knowledge of clinical information through CT images according to the evaluation system proposed by Siepe.26

Measurement of LMR from Blood Cell Counts
Serum samples were collected from patients before the surgical procedure. The monocytes and lymphocyte counts were 
retrieved from patients’ medical records. LMR was calculated by dividing the lymphocyte counts by the monocyte counts.

Statistical Analysis
The statistical analysis was performed with SPSS software. Participants were divided into two groups according to their 
median cumulative grade (high score and low score groups). We define a group with a cumulative grade of less than or 
equal to 18 as the low score group and one with a higher grade of 18 as the high score group. We also divided the 
subjects into fusion and non-fusion groups based on the presence or absence of fusion. Shapiro–Wilk normality test was 
used to evaluate the normality of data prior to performing statistical tests. Normal data are described as mean values ± SD 
and non-normal data as median [interquartile range]. Categorical variables were presented as n (%). Comparisons 
between groups were made using the one-way ANOVA test, the t-test (for normally distributed data), or the Mann– 
Whitney U-test (for non-normally distributed data) and the chi-square test or Fisher exact test (for categorical variables). 
Multiple testing was corrected by the Bonferroni correction. Correlation analyses were performed on the Kendall test for 
categorical variables and the Spearman test for continuous variables. The risk factors for severe disc degeneration and 
spinal fusion were also identified using logistic regression analysis. Eight multivariable logistic regression models were 
obtained for different indicators (including lymphocyte, monocyte, combination index, or LMR), with a binary indicator 
of severe degeneration/fusion failure as the dependent variable and clinical characteristics as the candidate independent 
variables. Hosmer-Lemeshow goodness of fit test was used to assess the model fit (Hosmer-Lemeshow statistic ≥ 0.05). 
LMR was tested to discriminate between severe degeneration and spinal fusion using receiver operating characteristic 
(ROC) curves. Multiple ROC curves were compared using the DeLong test. Youden is defined as the sum of specificity + 
sensitivity - 1. Significant values were two-tailed with a p-value of less than 0.05.

Results
The Baseline Characteristics of Patients
The baseline characteristics of study participants are shown in Table 1. The results of the normality tests are shown in 
Supplementary Table S1. There were 175 women (57.8%) among the patients with an average age of 63.7. The mean 
BMI of the patients was 24.83 kg/m2. 202 patients (66.7%) achieved successful spinal fusion during follow-up. There 
were significant differences in the following factors: age (p < 0.001), erythrocyte sedimentation rate (ESR) (p = 0.004), 
lymphocyte counts (p = 0.005), lumbar CT value (p < 0.001), LMR (p < 0.001) and the prevalence of hypertension (p = 
0.001) and osteoporosis (p = 0.021) between the high score group (cumulative grade > 18) and the low score group 
(cumulative grade ≤ 18). No significant differences were observed among the two groups regarding gender distribution, 
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smoking history, BMI, VAS, the length of hospital stay, postoperative fusion rate, or hematological indicators other than 
lymphocyte count.

The Distribution of Disc Grades in the Target Population and Correlation Analysis
Table 2 illustrates the distribution of disc grades among the target population. Among the degeneration grades of L1/2, 
L2/3 and L3/4 of all the included population, the vast majority were 2, 3 and 3, accounting for 44.6%, 31.0%, and 30.0% 
respectively. For L4/5 and L5/S1, however, the majority (35.6% and 45.2%) were equal to or greater than 4. At the same 
time, the low score group showed the same trend as the whole population. On the other hand, all intervertebral discs 
except L1/2 scored more than or equal to 4 in the high score group.

Average pfirrmann grades < 4 indicate mild to moderate degeneration, and grades ≥ 4 indicate severe degeneration in 
terms of an individual disc. As shown in Table 3, the mean levels of LMR were substantially lower in the severe 
degeneration group (pfirrmann grade ≥ 4) compared with the mild to moderate degeneration group (pfirrmann grade < 4) 
in all lumbar discs except L4/5 and L5/S1. In addition, correlation analysis showed that LMR was significantly correlated 
with age (p < 0.001), gender (p < 0.001), neutrophil count (p < 0.001), hemoglobin (p = 0.007), hypertension (p = 0.015), 
and the length of hospital stay (p = 0.037) in all demographic and clinical parameters in Table 4. It is worth mentioning 
that there is a borderline positive correlation between LMR and serum albumin (p = 0.053). The LMR did not show any 
significant correlation with VAS.

Table 1 Demographic Characteristics of Patients with Disc Degeneration Disease

All Low Score Group High Score Group p value

(Cumulative Grade ≤ 18) (Cumulative Grade > 18)

Subjects, n (%) 303 167 (55.1) 136 (44.9)

Age, years 67.00[57.00–72.00] 63.00[51.00–69.00] 69.00[63.00–75.00] < 0.001
Gender 0.131

Male, n (%) 128(42.2) 77(46.1) 51(37.5)

Female, n (%) 175(57.8) 90(53.9) 85(62.5)
BMI, kg/m2 24.83±3.55 25.14±3.67 24.45±3.38 0.092*

Smoking 41(13.5) 26(15.6) 15(11.0) 0.251

Alcohol abuse 25(8.3) 13(7.8) 12(8.8) 0.744
Lymphocyte, 109/L 1.59[1.27–2.09] 1.66[1.34–2.20] 1.50[1.17–1.99] 0.005

Monocyte, 109/L 0.46[0.36–0.56] 0.44[0.36–0.54] 0.47[0.36–0.58] 0.290

Neutrophils, 10^9/L 3.52[2.67–4.71] 3.48[2.73–4.59] 3.57[2.58–4.78] 0.969
Hemoglobin, g/L 131.90±16.56 133.54±16.98 129.89±15.86 0.056*

ESR, mm/H 10.00[4.00–18.00] 8.50[4.00–17.00] 12.00[4.00–21.00] 0.004

LMR 3.73[2.80–4.71] 4.00[3.17–5.02] 3.27[2.44–4.33] < 0.001
Albumin, g/L 43.00[40.00–45.00] 43.00[40.00–45.00] 42.50[40.00–45.00] 0.373

Total serum protein, g/L 67.51±5.18 67.39±5.17 67.65±5.20 0.658*

VAS 4.00[3.00–6.00] 4.00[3.00–5.00] 4.00[3.00–6.00] 0.123
Hospital stay, day 12.00[9.00–15.00] 11.00[9.00–14.00] 12.50[9.25–16.00] 0.088

Fusion 202(66.7) 121(72.5) 81(59.6) 0.018

Hypertension 142(46.9) 64(38.3) 78(57.4) 0.001
Diabetes mellitus 54(17.8) 29(17.4) 25(18.4) 0.818

CHD 39(12.9) 26(15.6) 13(9.6) 0.120

Osteoporosis 110(36.3) 51(30.5) 59(43.4) 0.021
CT value 128.30[96.00–163.70] 136.70[103.30–174.30] 117.15[88.48–148.83] < 0.001

Notes: Normally distributed data are expressed as mean±SD and non-normally distributed data are expressed as the median (interquartile range). 
*Represents the t-test. 
Abbreviations: BMI, body mass index; VAS, visual analogue scale; LMR, lymphocyte monocyte ratio; ESR, erythrocyte sedimentation rate; CHD, 
coronary heart disease.
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Table 2 The Pfirrmann Grading System for Lumbar Disc Degeneration

1 2 3 4 5

All (n = 303)
L1/2 0 135(44.6) 86(28.4) 47(15.5) 35(11.6)

L2/3 0 85(28.1) 94(31.0) 72(23.8) 52(17.2)

L3/4 1(0.3) 56(18.5) 91(30.0) 89(29.4) 66(21.8)
L4/5 0 20 (6.6) 80 (26.4) 108 (35.6) 95 (31.4)

L5/S1 0 26(8.6) 53(17.5) 87(28.7) 137(45.2)

Low score group 
(n = 167)

L1/2 0 112(67.1) 41(24.6) 10(6.0) 4(2.4)
L2/3 0 82(49.1) 67(40.1) 16(9.6) 2(1.2)

L3/4 1(0.6) 56(33.5) 77(46.1) 31(18.6) 2(1.2)

L4/5 0 20(12.0) 63(37.7) 68(40.7) 16(9.6)
L5/S1 0 26(15.6) 42(25.1) 55(32.9) 44(26.3)

High score group 

(n = 136)
L1/2 0 23(16.9) 45(33.1) 37(27.2) 31(22.8)

L2/3 0 3(2.2) 27(19.9) 56(41.2) 50(36.8)

L3/4 0 0 14 (10.3) 58 (42.6) 64 (47.1)
L4/5 0 0 17(12.5) 40(29.4) 79(58.1)

L5/S1 0 0 11(8.1) 32(23.5) 93(68.4)

Note: Values are expressed as n (%).

Table 3 The Relationship Between the Severity of Individual Disc Degeneration and 
LMR

LMR p

L1/2 pfirrmann grade < 4 3.86[2.89–4.93] 0.019

pfirrmann grade ≥ 4 3.35[2.60–4.27]
L2/3 pfirrmann grade < 4 3.91[3.04–5.00] 0.004

pfirrmann grade ≥ 4 3.38[2.59–4.38]

L3/4 pfirrmann grade < 4 4.10[3.17–5.00] < 0.001
pfirrmann grade ≥ 4 3.38[2.52–4.39]

L4/5 pfirrmann grade < 4 3.92[3.06–4.99] 0.083

pfirrmann grade ≥ 4 3.66[2.70–4.53]
L5/S1 pfirrmann grade < 4 4.09[3.16–4.61] 0.239

pfirrmann grade ≥ 4 3.63[2.73–4.81]

Note: Values are expressed as the median (interquartile range). 
Abbreviation: LMR, lymphocyte to monocyte ratio.

Table 4 Correlation of LMR with Demographic and Clinical 
Parameters

r/t p

Age −0.285 < 0.001

Gender −0.170* < 0.001
BMI 0.079 0.171

Smoking 0.002* 0.971

Alcohol abuse −0.055* 0.241
Neutrophils −0.313 < 0.001

(Continued)
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Analysis of Risk Factors Associated with Severe Degeneration
The correlation analysis revealed that cumulative grade was correlated with LMR (r = −0.231, p < 0.001). The ROC 
curve was then generated to determine whether LMR can predict disc degeneration severity. The area under the curve 
(AUC) was found to be 0.635. Furthermore, as indicated by its larger area under the ROC curve than lymphocytes (AUC 
= 0.593) or monocytes (AUC = 0.535), LMR has a superior capability of detecting severe disc degeneration in Figure 1A. 
The Youden index reaches its maximum value when the LMR cut-off is set to 3.16. This corresponds to a sensitivity of 
0.77 and a specificity of 0.49. Univariable binary logistic regression analysis showed that each additional unit of age (p < 
0.001), hypertension (p = 0.001), osteoporosis (p = 0.021), ESR (p = 0.003), and LMR (p = 0.001) were significantly 
associated with severe degeneration (Table 5). Multivariable binary logistic regression in model 1 built on clinical 
parameters further demonstrated that every one unit increase in age (OR: 1.081; 95% CI: 1.044–1.119; p < 0.001), LMR 
(OR: 0.793; 95% CI: 0.638–0.987; p = 0.038), and the occurrence of CHD (OR: 0.199; 95% CI: 0.078–0.506; p = 0.001) 
were determined to be independent predictors of severe degeneration. Moreover, LMR did not interact significantly with 
age or CHD in the one-way ANOVA. Lymphocytes and monocytes were not predictive of severe degeneration in models 
2, 3, and 4 (Supplementary Table S2). The model 1 was significant, p = 0.491 for Hosmer and Lemeshow goodness of fit 
test. At the same time, the observed vs predicted risk of severe disc degeneration in model 1 within risk deciles showed 
a good fit (Figure 2A). The area under the ROC curve of model 1 is 0.776 (Figure 2C). Therefore, model 1 has effective 
calibration and discrimination (p > 0.05 and p < 0.05; Figure 2A and C). The Delong test of the area under the curve 
shows that the test efficiency of model 1 is not significantly different from models 2 (AUC = 0.768), 3 (AUC = 0.768), 
and 4 (AUC = 0.772) in Supplementary Figure S1A.

Analysis of Risk Factors Associated with Spinal Fusion Failure
A correlation analysis revealed a correlation between LMR and spinal fusion failure (t = −0.477, p < 0.001). Meanwhile, the 
level of LMR in the fusion group was much higher than that in the non-fusion group (p < 0.05). ROC curves were employed to 
determine the value of preoperative LMR in predicting spinal fusion in Figure 1B. It turns out that the area under the curve for 
preoperative LMR is 0.792. Moreover, the AUC of LMR is larger than that of lymphocytes (AUC = 0.635; p < 0.001) and 
monocytes (AUC = 0.654; p < 0.001), indicating its superior ability to predict fusion rate. A cut-off value of 3.90 in LMR 
raises the Youden index to its maximum value. Specificity was 0.92, while sensitivity was 0.64. Therefore, LMR > 3.90 is 
associated with mild to moderate degeneration as well as a greater likelihood of spinal fusion. There was a higher rate of disc 
degeneration and poor spinal fusion rate in patients with LMR < 3.16. Patients with LMR greater than 3.16 but less than 3.90 

Table 4 (Continued). 

r/t p

Hemoglobin 0.153 0.007

ESR −0.067 0.282

Hypertension −0.114* 0.015
Diabetes mellitus −0.015* 0.750

CHD −0.050* 0.284

Osteoporosis −0.071* 0.131
Albumin 0.111 0.053

Total serum protein 0.096 0.095

VAS −0.107 0.063
Hospital stay −0.120 0.037

CT value 0.071 0.216

Note: *Represents Kendall’s correlation test. 
Abbreviations: BMI, body mass index; VAS, visual analogue scale; LMR, 
lymphocyte monocyte ratio; ESR, erythrocyte sedimentation rate; CHD, 
coronary heart disease.
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also had mild to moderate degeneration but poor fusion. Univariable binary logistic regression analysis revealed that each 
additional unit of age (p = 0.006), gender (male) (p = 0.003), alcohol abuse (p = 0.043), and LMR (p < 0.001) were 
significantly associated with postoperative spinal fusion failure, as shown in Table 6. After adjustment by all covariable 
estimates, multivariate binary logistic regression analysis showed that for every unit increase in LMR (OR: 0.371; 95% CI: 
0.258–0.532; p < 0.001) and alcohol abuse (OR: 3.835; 95% CI: 1.066–13.792; p < 0.040) could be independent prognostic 
factors for spinal fusion failure in patients with lumbar disease undergoing lumbar fusion surgery. At the time, the one-way 
ANOVA showed no significant interactions between LMR and alcohol abuse. In models 6, 7, and 8, monocytes and 
lymphocytes may also be independent predictors of spinal fusion failure (Supplementary Table S3). The model 5 was 
significant, p = 0.811 for Hosmer and Lemeshow goodness of fit test. At the same time, the observed vs predicted risk of 
fusion failure in model 5 within risk deciles showed a good fit (Figure 2B). The area under the ROC curve is 0.825 (Figure 2D). 

Figure 1 Receiver operating characteristic (ROC) curve to determine the predictive performance of lymphocyte, monocyte, and LMR for severe degeneration (A) and 
spinal fusion (B).
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Therefore, model 5 is also capable of calibration and discrimination (p > 0.05 and p < 0.05; Figure 2B and D). The Delong test 
of the area under the curve reveals that model 5ʹs test efficiency is much higher than models 6 (AUC = 0.766; p = 0.004) and 7 
(AUC = 0.752; p = 0.003) in Supplementary Figure S1B. However, there is no significant difference between models 5 and 8 
(AUC = 0.816; p = 0.185).

Discussion
In the current study, lower LMR was associated with more severe disc degeneration in patients undergoing spinal fusion 
surgery for lumbar spine diseases. Further, the fusion rate after spinal fusion surgery is significantly affected by LMR. 

Table 5 Univariate and Multivariate Analysis Model 1 of Risk Factors for Severe Degeneration

Variables Univariate Multivariate

OR (95% CI) p OR (95% CI) p

Age(year) 1.075(1.050–1.102) < 0.001 1.081(1.044–1.119) < 0.001

Gender(male) 0.701(0.442–1.113) 0.132 0.565(0.259–1.235) 0.153
BMI 0.945(0.885–1.009) 0.093 0.987(0.904–1.078) 0.778

Smoking 0.672(0.340–1.327) 0.253 1.048(0.393–2.796) 0.925

Alcohol abuse 1.146(0.505–2.602) 0.744 1.113(0.362–3.424) 0.852
LMR 0.744(0.629–0.880) 0.001 0.793(0.638–0.987) 0.038

Neutrophils 1.036(0.924–1.163) 0.541 0.924(0.779–1.097) 0.368

Hemoglobin 0.987(0.973–1.000) 0.058 1.014(0.991–1.037) 0.241
ESR 1.031(1.010–1.052) 0.003 1.021(0.989–1.054) 0.192

Hypertension 2.164(1.365–3.433) 0.001 1.265(0.639–2.507) 0.500

Diabetes mellitus 1.072(0.594–1.934) 0.818 1.098(0.477–2.524) 0.826
CHD 0.573(0.282–1.164) 0.124 0.199(0.078–0.506) 0.001

Osteoporosis 1.743(1.086–2.796) 0.021 0.743(0.386–1.430) 0.373

Albumin 0.960(0.903–1.020) 0.187 0.964(0.849–1.096) 0.578
Total serum protein 1.010(0.967–1.055) 0.657 1.028(0.940–1.037) 0.542

Abbreviations: BMI, body mass index; LMR, lymphocyte monocyte ratio; ESR, erythrocyte sedimentation rate; CHD, coronary 
heart disease.

Figure 2 Actual versus predicted severe degeneration (A) and spinal fusion failure (B) by risk deciles for models 1 and 5 (see Tables 5 and 6 for included variables). ROC 
curve analysis of prognostic models 1 (C) and 5 (D).
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According to multivariate analysis, a low LMR was an independent risk factor for fusion failure and severe disc 
degeneration.

A pro-inflammatory state is thought to be the cause of disc degeneration, accelerating the process further. The secretion of 
cytokines also recruits immune cells, causes an inflammatory cascade, and aggravates degeneration.27 Kim et al also found 
that the level of inflammatory factors was associated with discogenic low back pain.28 Furthermore, systemic inflammation 
can also affect the therapeutic effect and postoperative clinical outcomes of patients with lumbar spine diseases. Studies have 
shown that inflammation at the fusion site inhibits osteogenesis and does not facilitate spinal fusion.29

Research has recently focused on the importance of leukocyte proportions in various inflammatory conditions, including 
cancer, diabetes, and their complications.30 The inflammatory indexes, ie, platelet-to-lymphocyte ratio, neutrophil-to-lymphocyte 
ratio, and LMR, are calculated based on the neutrophil, lymphocyte, monocyte, and platelet counts that are routinely tested in 
most clinical settings worldwide. Lymphocytes and monocytes are also key immune cells in the inflammatory response. A low 
lymphocyte count and a high monocyte count may be relevant to inflammation and oxidative stress, associated independently 
with the prognosis of various diseases.31–34 For example, the most frequent abnormal blood tests among cancer patients were 
high inflammatory markers (C-reactive protein (CRP) or ESR), high monocyte count, low lymphocyte count, hypo- 
albuminaemia, and high alkaline phosphatase.35 The multivariate regression models of this study indicate that high monocyte 
count and low lymphocyte count are independent risk factors for fusion failure (Supplementary Table S2). Our findings echo with 
reports in the literature. The lymphocyte-to-monocyte ratio (LMR) is another inflammatory marker, reflecting the balance of 
change between innate and adaptive immunity and offering a simple indicator of immune status and inflammation level. 
Therefore, the potential of LMR as a prognostic biomarker is demonstrated by high lymphocyte count and low monocyte count. 
LMRs that are lower are associated with higher levels of systemic inflammation and vice versa.36 To our knowledge, this may be 
the first study to examine the relationship between preoperative LMR and the degree of intervertebral disc degeneration and 
spinal fusion rate. In the current study, LMR correlated independently with the degree of degeneration. Furthermore, patients with 
severe disc degeneration have a lower LMR (ie, a higher systemic inflammatory state) in comparison to people with mild to 
moderate disc degeneration. A possible explanation for our results is that as a composite indicator of the state of the systemic 
inflammatory response, low LMR means that high levels of local chronic inflammation and production of inflammatory factors 
may promote the progression of disc degeneration. Meanwhile, in model 1, LMR was a highly reliable predictor of severe 
degeneration, and the Hosmer-Lemeshow test and ROC curve of the prognostic model indicated that the model has effective 

Table 6 Univariate and Multivariate Analysis Model 5 of Risk Factors for Spinal Fusion Failure

Variables Univariate Multivariate

OR (95% CI) p OR (95% CI) p

Age(year) 1.028(1.008–1.049) 0.006 1.024(0.993–1.057) 0.132

Gender(male) 2.113(1.300–3.434) 0.003 1.834(0.828–4.059) 0.135
BMI 0.959(0.896–1.028) 0.238 1.003(0.916–1.099) 0.948

Smoking 1.333(0.676–2.627) 0.407 0.546(0.179–1.668) 0.288

Alcohol abuse 2.339(1.026–5.334) 0.043 3.835(1.066–13.792) 0.040
LMR 0.390(0.300–0.506) < 0.001 0.371(0.258–0.532) < 0.001

Neutrophils 1.118(0.993–1.259) 0.065 0.935(0.762–1.147) 0.519

Hemoglobin 0.992(0.978–1.007) 0.280 0.982(0.957–1.007) 0.164
ESR 0.999(0.981–1.018) 0.957 0.977(0.947–1.008) 0.141

Hypertension 1.244(0.771–2.008) 0.371 0.760(0.354–1.631) 0.481

Diabetes mellitus 0.812(0.428–1.541) 0.525 0.795(0.305–2.072) 0.638
CHD 1.000(0.490–2.041) > 0.999 0.881(0.320–2.428) 0.806

Osteoporosis 1.022(0.622–1.678) 0.933 0.474(0.222–1.008) 0.053

Albumin 0.940(0.882–1.002) 0.058 0.927(0.807–1.065) 0.284
Total serum protein 0.971(0.927–1.017) 0.218 1.063(0.964–1.172) 0.221

Abbreviations: BMI, body mass index; LMR, lymphocyte monocyte ratio; ESR, erythrocyte sedimentation rate; CHD, coronary 
heart disease.
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discrimination and calibration. Additionally, the ROC curve of LMR prediction of severe degeneration showed that patients with 
LMR < 3.16 had severer degeneration. On the other hand, in this study, we also found that LMR is associated with the prognosis 
of spinal fusion, ie, those with higher LMR have a higher chance of fusion. It is possible that low levels of LMR (high 
inflammatory state) inhibit osteogenic differentiation and new bone formation, thereby slowing the fusion rate. Furthermore, as 
previously mentioned, LMR may significantly affect spinal fusion rate through the protective effect of high lymphocyte and low 
monocyte levels. Multivariate regression model 5 demonstrated that a high level of LMR protects against spinal fusion failure, 
and the model also had acceptable calibration and discrimination. Monocyte count is also a risk factor for spinal fusion failure in 
other regression models, but lymphocyte count is a protective factor. This may be related to the immune response regulated by the 
monocyte-macrophage system as described above. At the same time, the ROC curve of LMR prediction of spinal fusion failure 
showed that patients with LMR > 3.90 had a higher rate of spinal fusion. LMR > 3.90 is associated with mild to moderate 
degeneration as well as a greater likelihood of spinal fusion. There was a higher rate of disc degeneration and poor spinal fusion 
rate in patients with LMR < 3.16. Patients with LMR greater than 3.16 but less than 3.90 also had mild to moderate degeneration 
but poor fusion. Further, we should note that although the AUC of LMR in this study did not reach more than 0.7 in predicting 
severe disc degeneration and fusion failure, correlation analysis and multivariate regression analysis have shown that low LMR is 
significantly associated with severe disc degeneration and fusion failure. It is clinically significant to a certain extent that this 
correlation exists. The identification of risk factors for intervertebral disc degeneration and spinal fusion failure that are related to 
their disease progression and their long-term prognosis will allow patients to avoid or reduce the possibility of bearing 
a substantial economic burden.

The results also showed that the severity of disc degeneration was not significantly correlated with low back pain and 
length of hospital stay. Many patients with lumbar disc degeneration do not experience obvious symptoms during routine 
clinical diagnosis and treatment. Similarly, although LMR can reflect inflammatory status in vivo, it does not significantly 
affect low back pain. Despite a negative correlation trend between LMR and VAS, no significant statistical significance is 
found in this study, which may be related to the small sample size. Certainly, there are other demographic and clinical 
parameters except for LMR that may affect severe degeneration and spinal fusion failure. Study results have shown that 
intervertebral disc degeneration increases with age in terms of clinical and demographic parameters.37 In accordance with 
previous research, correlation analysis and multiple logistic regression have revealed that age is an independent risk factor 
for severe disc degeneration. In addition, we found that CHD was an independent predictor of severe degeneration in all 
logistic regression models. It may be explained by the significant correlation between coronary atherosclerotic heart disease 
and serum calcium levels.38 The serum calcium level was negatively correlated with disc degeneration and could be used as 
an indicator of disc degeneration’s prognosis, according to Zhao et al.39 Therefore, coronary heart disease may delay disc 
degeneration through this mechanism. On the other hand, there was no significant association between age and spinal 
fusion. It is also noteworthy that we found alcohol abuse to affect the success of spinal fusion. This may be related to 
alcohol inhibiting osteogenic differentiation and secondary osteopenia.40 Other clinical and demographic parameters did not 
significantly affect the degeneration severity and the prognosis of spinal fusion.

There are some challenges and limitations to the current study. It remains to be seen whether current preoperative 
LMR cut-off values in other cases are practicable. Secondly, we need to admit that the area under the ROC curve of the 
established model is not particularly ideal, which is one of the limitations of this study. This may relate to the small 
sample size. Thirdly, LMR may also vary considerably during hospitalization and follow-up depending on age, diet, and 
other factors.41,42 This study revealed a borderline positive correlation (p = 0.053) between LMR and albumin, an 
indicator of nutritional status. Therefore, our future research should be able to detect LMR dynamically rather than just 
preoperatively. The sample size could not be calculated because there were never previous studies on the LMR and the 
fusion rate postoperatively. More studies are needed to test our findings to determine whether they are statistically 
significant and whether the difference is clinically important. Moreover, it is meaningful and beneficial for future 
research to establish an independent validation queue. While we cannot completely overcome the aforementioned 
limitations, a single LMR preoperatively has proven to be a reliable predictor for other diseases, making our results 
credible.
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Conclusions
The findings of our study indicate that preoperative LMR is associated with the severity of disc degeneration. The LMR 
is also correlated with the fusion rate after spinal fusion surgery.
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