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Abstract

Objective: Knee osteoarthritis (KOA) is a chronic inflammatory disease. The monocyte–lym-

phocyte ratio (MLR) was reported to be a non-invasive, cost-effective marker in various systemic

diseases, but it has not yet been investigated in KOA. This cross-sectional study evaluated the

diagnostic value of MLR in KOA.

Methods: Two hundred and five KOA patients and 120 healthy control subjects were enrolled.

Patient data, including age, sex, blood cell counts, erythrocyte sedimentation rate (ESR),

C-reactive protein (CRP) levels, red blood cell distribution width, and the Kellgren–Lawrence

(KL) score were recorded.

Results: One hundred nineteen patients (55 men, 64 women) were included, with a mean age of

55.47� 9.23 years. KOA patients showed a significantly higher MLR, neutrophil–lymphocyte ratio

(NLR), and platelet–lymphocyte ratio (PLR) than controls. The MLR area under the curve was

0.81, which was higher than that of NLR and PLR. Multiple logistic regression analysis revealed

blood MLR as an independent predictor of KOA. Correlation analysis showed that MLR was

positively correlated with ESR and CRP levels. MLR and NLR were significantly higher in KL4

patients than in KL1–3 patients.

Conclusions: MLR has a high diagnostic value for KOA, so could be a reliable disease marker.
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Introduction

Osteoarthritis (OA), which is associated

with age, sex, obesity, metabolic disorders,

and genetic and biochemical factors,

is a chronic disease characterized by joint

destruction, bone hyperplasia, and articular

cartilage degeneration.1,2 The known

pathogenesis of OA mainly includes immu-

nological, bone metabolism, and biome-

chanical factors, and knee osteoarthritis

(KOA) is the most common form

of OA.3,4 OA is typically accepted as an

inflammatory or immune disease, although

it was considered a ‘wear and tear’ disease

in past decades.5,6 Many studies reported

that numbers of lymphocytes, neutrophils,

monocytes, and platelets are significantly

altered during systemic inflammation.7–9

KOA is a chronic, progressive bone joint

disease. Typically, once pain and dysfunc-

tion are noticed, the stable and complex

pressure-resistant frame of articular carti-

lage has already undergone destruction.10

Therefore, early diagnosis has become the

top priority in the prevention and control of

KOA. The most common diagnostic

method is imaging, such as radiography.

However, early imaging changes in KOA

are not obvious.11 Oak et al reported that

radiography can detect joint space width in

KOA, but detectable changes only occur in

a subset of patients, and changes over time

are small.12 Thus, an objective and non-

invasive diagnostic predictor suitable for

use at an earlier disease stage is urgent-

ly required.

Immune and inflammatory systems are

activated in KOA pathology,13,14 and

monocytes, neutrophils, lymphocytes, and

platelets play important roles. The neutro-

phil–lymphocyte ratio (NLR) and platelet–

lymphocyte ratio (PLR) can reflect the bal-

ance of the immune response, and were

reported to be independent and inexpensive

predictors of many inflammatory and

immune diseases.15–17 Indeed, the NLR

and PLR were shown to be significantly

altered in diseases including hypertension,

chronic heart failure, ischemic stroke,

peripheral arterial disease, coronary artery

disease, and rheumatoid disease.7,18,19

Few studies have reported the diagnostic

value of the NLR and PLR in KOA. When

predicting severe knee OA, a blood NLR

�2.1 had 77% specificity and 50% sensitiv-

ity according to receiver operating charac-

teristic (ROC) curve analysis.16 Some

rheumatic and cancer studies reported the

monocyte–lymphocyte ratio (MLR) as a

new predictor of disease severity.20,21

However, no studies have reported the

diagnostic value of the MLR. Therefore,

in this study, we evaluated the predictive

ability of the MLR compared with the

NLR and PLR in KOA.

Patients and methods

Patient characteristics

Two hundred and five patients who were

hospitalized in the Department of

Orthopedics, Shenzhen Hospital of
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Traditional Chinese Medicine between 1

January 2016 and 31 July 2018 were

enrolled in this study. All patients fulfilled

the 2015 Guidelines for the Diagnosis and

Treatment of Osteoarthritis issued by the

Orthopaedics Committee of the Chinese

Medical Association. Patients with hyper-

tension (n¼ 42), diabetes mellitus (n¼ 34),

malignancy (n¼ 4), renal or liver failure

(n¼ 6), rheumatic disease (n¼ 5), or active

infection (n¼ 6) were excluded. This left

119 patients with KOA. One hundred

twenty healthy individuals who underwent

a physical examination at our hospital

and had normal test indicators were

recruited as controls. The study was

approved by the EC office of Guangzhou

University of Chinese Medicine (2018-67).

Written or verbal consent was obtained

from all patients.

Laboratory and clinical assessments

We recorded the following patient informa-

tion: age, sex, cell counts of monocytes,

neutrophils, lymphocytes, platelets, white

blood cells (WBCs), and red blood cells

(RBCs), as well as the RBC distribution

width, erythrocyte sedimentation rate

(ESR), levels of C-reactive protein (CRP),

hemoglobin (HGB), creatinine (CREA),

alanine aminotransferase (ALT), and

aspartate aminotransferase (AST), and the

Kellgren–Lawrence (KL) score.22 Using

these data, we calculated the MLR, NLR,

and PLR. We divided the patients into two

groups by KL score where grade 0 repre-

sents no osteophytes and grade 4 represents

large osteophytes:12 KL1–3, mild/moderate

KOA; and KL¼ 4, severe KOA. All

samples were tested by the same instru-

ments at our department. Cell counting

was performed using a V253602 automatic

five-part hematology analyzer (Mindray

Bio-Medical Electronics Company,

Shenzhen, China).

Statistical analysis

We conducted data analysis using IBM

SPSS Statistics for Windows, Version 19.0

(IBM Corp., Armonk, NY, USA).

Continuous data were summarized as

means� standard deviations. Normally dis-

tributed data were analyzed as independent

samples using the Student’s t test, and data

with a skewed distribution were analyzed

by Mann–Whitney U tests. Categorical

data were summarized as numbers and per-

centages. Comparisons of categorical varia-

bles between two groups were conducted

using chi-squared tests. The effects of dif-

ferent variables on KOA were analyzed by

univariate and multivariate logistic regres-

sion analyses. To test for associations, we

used the Pearson correlation, with an ROC

curve for sensitivity and specificity. P< 0.05

was considered statistically significant.

Results

Basic characteristics and MLR, NLR, and

PLR in patients with KOA

Table 1 shows the main laboratory and clin-

ical characteristics of patients and healthy

controls. There was no significant difference

in sex or age between the two groups. In the

KOA group, the counts of WBCs, neutro-

phils, and monocytes were higher than in

the control group, and the counts of

lymphocytes, platelets, HGB, and RBCs

were lower. The MLR (0.19� 0.11), NLR

(2.39� 1.73), and PLR (125.85� 41.34)

were significantly higher in patients with

KOA than in healthy controls (0.11

� 0.03, 1.49� 0.40, and 110.61� 30.44,

respectively; P< 0.001).

The MLR has a high diagnostic value

for KOA

Using ROC curves, we explored the diag-

nostic values of the NLR, MLR, and PLR
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for KOA. The area under the curve (AUC)

of the MLR was 0.81 (95% confidence

interval [CI]: 0.759–0.865) using the optimal

cutoff value of 0.12, with a sensitivity

of 84% and a specificity of 66.7%.

The AUC of the NLR was 0.77 (95%

CI: 0.712–0.831), and that of the PLR was

0.60 (95% CI: 0.528–0.672) (Figure 1).

An evaluation of the diagnostic value of

MLR combined with NLR (MLRþNLR)

gave an AUC of 0.82 (95% CI:

0.770–0.873).

Blood MLR as an independent predictor

of KOA

Univariate analysis showed that the blood

MLR was significantly associated with

KOA (P¼ 0.016). Multiple logistic regres-

sion analysis also revealed that the blood

MLR was an independent predictor of

KOA (P¼ 0.032; Table 2). Analysis of the

correlation between variables showed

that MLR was positively correlated with

ESR (R¼ 0.215, P¼ 0.021) and CRP

(R¼ 0.223, P¼ 0.017) (Table 3).

MLR and NLR were higher in KL4 OA

patients than KL1–3 OA patients

We graded all patients by KL score, with 33

patients belonging to the KL4 group

(severe), and 86 belonging to the KL1–3

group (mild/moderate). The MLR

(P< 0.001) and NLR (P¼ 0.021) were sig-

nificantly increased in KL4 patients com-

pared with KL1–3 patients. KL4 patients

showed the highest monocyte level, while

KL1–3 patients had the highest lymphocyte

level. However, there were no significant

differences in age, sex, RDW, ESR, counts

of neutrophils, platelets, or RBCs, or levels

of HGB, CRP, ALT, AST, or CREA

between the two groups (Table 4).

Discussion

This cross-sectional study evaluated the

diagnostic value of MLR, NLR, and

PLR, which were previously reported as

non-invasive and cost-effective markers in

various systemic inflammatory diseases, in

KOA patients. We found that KOA

patients showed higher MLR, NLR, and

Table 1. Basic characteristics of KOA patients and controls.

Control (n¼ 120) KOA (n¼ 119) P

Age (years) 54.96� 8.28 55.47� 9.23 0.424

Sex (male/female) 58/62 (48.33%)a 55/64 (46.22%)a 0.743

WBCs (109/L) 6.12� 1.41 6.83� 2.31 0.029

Lymphocytes (109/L) 2.31� 0.60 1.96� 0.51 <0.001

Neutrophils (109/L) 3.36� 0.91 4.34� 2.21 <0.001

Monocytes (109/L) 0.27� 0.09 0.35� 0.15 <0.001

Platelets (109/L) 245.12� 54.61 235.15� 59.99 0.039

Hemoglobin (g/L) 138.53� 16.08 130.62� 16.08 <0.001

RBCs (1012/L) 4.75� 0.53 4.43� 0.52 <0.001

RDW-CV (%) 13.25� 0.93 13.16� 0.82 0.278

MLR 0.11� 0.03 0.19� 0.11 <0.001

NLR 1.49� 0.40 2.39� 1.73 <0.001

PLR 110.61� 30.44 125.85� 41.34 0.008

amales shown as a percentage. KOA, knee osteoarthritis; WBCs, white blood cells; RBCs, red blood cells; RDW-CV, red

blood cell distribution width; MLR, monocyte–lymphocyte ratio; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lym-

phocyte ratio.
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PLR than control subjects. The diagnostic
ability of the MLR was higher than that of
the NLR, PLR, and other parameters.
Moreover, the MLR was positively corre-
lated with the ESR and CRP levels.
In KOA patient subgroups according to
KL score, the MLR was significantly

higher in KL4 patients than in KL1–3
patients. Additionally, the MLR was sig-
nificantly associated with KOA, and
emerged as an independent predictor of
disease. These findings indicate that the
MLR has a high diagnostic value
for KOA.

Table 2. Variables associated with OA severity by univariable and multivariable analyses.

Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Age 1.032 (0.985–1.180) 0.191 1.036 (0.953–1.127) 0.403

Sexa 1.750 (0.766–3.996)a 0.184 1.340 (0.310–5.788)a 0.695

MLR 1.051 (1.009–1.095) 0.016 1.073 (1.006–1.143) 0.032

NLR 1.206 (0.965–1.507) 0.099 0.878 (0.566–1.363) 0.563

PLR 1.007 (0.998–1.017) 0.142 1.003 (0.991–1.015) 0.593

RDW-CV 1.092 (0.675–1.766) 0.721 0.832 (0.478–1.450) 0.517

amales shown as a percentage.

OA, osteoarthritis; OR, odds ratio; CI, confidence interval; MLR, monocyte–lymphocyte ratio; NLR, neutrophil–lym-

phocyte ratio; PLR, platelet–lymphocyte ratio; RDW-CV, red blood cell distribution width.

Figure 1. ROC curve of the NLR, MLR, and PLR in KOA. ROC, receiver operating characteristic; NLR,
neutrophil–lymphocyte ratio; MLR, monocyte–lymphocyte ratio; PLR, platelet–lymphocyte ratio; KOA, knee
osteoarthritis.
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Unlike many other expensive inflamma-

tory markers, the MLR and NLR have the

advantage of convenient calculation and

low cost. Although research into bio-

markers is increasing, with reports on car-

tilage oligomeric matrix proteins,

hyaluronic acid, protein polysaccharides,

type II collagen carboxy terminal peptides,

and matrix metalloproteinases,11,23,24 there

are currently no effective, widely accepted,

and clinically applicable biomarkers to pre-

dict early-stage KOA. Leukocyte subpopu-

lation tests are commonly used to indicate

inflammatory disease, but the NLR, MLR,

and PLR have recently been shown to be

more appropriate inflammation indica-

tors.8,25,26 Although different physiological

conditions such as dehydration may affect

Table 3. Analysis of the correlation between variables.

ESR level CRP level Age Sex

r P r P r P r P

MLR 0.215 0.021 0.223 0.017 –0.150 0.013 –0.101 0.274

NLR 0.223 0.017 0.328 <0.001 –0.099 0.286 –0.079 0.396

PLR 0.199 0.033 0.190 0.042 –0.068 0.460 0.003 0.973

MLR, monocyte–lymphocyte ratio; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio.

Table 4. Characteristic data of KL4 and KL1–3 KOA patients.

KL4 (n¼ 33) KL1–3 (n¼ 86) P

Age (years) 57.27� 7.66 54.79� 9.71 0.190

Sex (male/female) 12/21 (36.36%)a 43/43 (50.00%)a 0.269

WBCs (109/L) 7.30� 2.97 6.64� 1.99 0.437

Lymphocytes (109/L) 1.79� 0.36 2.02� 0.54 0.031

Neutrophils (109/L) 4.90� 2.77 4.11� 1.92 0.237

Monocytes (109/L) 0.42� 0.22 0.32� 0.11 0.011

Platelets (109/L) 235.63� 58.76 234.96� 60.80 0.856

Hemoglobin (g/L) 126.15� 20.68 132.33� 13.69 0.060

RBCs (1012/L) 4.27� 0.64 4.98� 4.53 0.078

RDW-CV(%) 13.20� 0.84 13.14� 0.82 0.782

MLR 0.24� 0.15 0.17� 0.09 <0.001

NLR 2.85� 2.00 2.22� 1.59 0.021

PLR 134.95� 39.46 122.36� 41.74 0.080

ESR (mm/hour) 28.70� 30.11 20.73� 21.83 0.360

CRP (mg/hour) 19.52� 30.50 6.95� 13.95 0.216

ALT (U/L) 17.93� 9.09 19.61� 8.93 0.264

AST (U/L) 19.94� 5.98 20.62� 5.76 0.661

CREA (mmol/hour) 64.09� 13.40 76.23� 42.36 0.060

amales shown as a percentage. KOA, knee osteoarthritis; WBCs, white blood cells; RBCs, red blood

cells; RDW-CV, red blood cell distribution width; MLR, monocyte–lymphocyte ratio; NLR, neu-

trophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio; ESR, erythrocyte sedimentation rate;

CRP, C-reactive protein hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotrans-

ferase; CREA, creatinine.
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the absolute value of each subtype of blood
cells, the impact on the NLR, MLR, and
PLR is relatively small.15

In this study, we found that the MLR,
NLR, and PLR were all significantly higher
in KOA patients than controls. Taşo�glu
et al. demonstrated that the blood NLR is
a promising, novel marker to indicate the
severity of KOA.16 The MLR reflects the
balance between effector and host, and
was first defined as a biomarker in infec-
tious disease.27 In our study, it had a
higher diagnostic value than the NLR and
PLR according to the ROC curve.
Moreover, the AUC value for the MLR
combined with the NLR was higher than
that for MLR or NLR alone. We observed
elevated neutrophil and monocyte counts in
KOA patients compared with controls but
lymphocyte counts decreased, which is con-
sistent with previous studies.28,29

The mechanism of elevated MLR levels
in KOA has not been fully clarified.
Lymphocytes and monocytes are key cells
for innate and acquired immunity, and the
MLR represents the balance of immune dis-
ease progression.21 Therefore, the observed
increase in the number of monocytes may
be caused by the progression of immunity.
Monocytes can be activated by
inflammasome-mediated pathways, and
chronic low-grade inflammasome activation
helps drive OA progression.14 The observed
decrease in the number of lymphocytes may
be related to their accumulation at the site
of inflammation.17,30 Notably, Du et al.
found that the lymphocyte–monocyte ratio
was higher in rheumatoid arthritis patients
than those with OA and healthy controls.17

We found a high correlation between
the MLR, NLR, and PLR and ESR and
CRP, but no link with the patient’s age
or sex. This indicates that the MLR and
NLR combined with ESR and CRP may
increase the reliability of diagnosing
KOA. Similarly, Sargin et al. detected a sig-
nificant correlation between the levels of

DAS28-ESR and NLR and between

DAS28-ESR and PLR before and after

treatment of rheumatoid arthritis with rit-

uximab.31 We used the KL grading system

as the gold standard to classify radiograph-

ic OA with respect to disease severity. The

MLR and NLR were higher in the KL4

group than the KL1–3 group, KL4 patients

showed the highest monocyte level, and

KL1–3 patients had the highest lymphocyte

level. This suggested that the MLR and

NLR are suitable predictors for KOA

severity. Moreover, this finding for the

NLR diagnostic value is consistent with

that of Taşo�glu’s et al.16

Some limitations exist in this study.

First, it was a single center study with a

small number of patients, so more patients

from different centers should be evaluated

in future studies. Second, we did not inves-

tigate the pathogenesis of elevated MLR

and NLR. Therefore, longitudinal and

molecular biology studies are needed to

explore the mechanism of increased MLR

and NLR.
In conclusion, the MLR was significantly

higher in KOA patients compared with

healthy controls, and had a higher diagnos-

tic value than the NLR for KOA. To our

knowledge, this is the first study to identify

the MLR as a novel and reliable potential

predictor for KOA.
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