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Background: Inflammatory responses and metabolic abnormalities play essential roles in the pathophysiology of osteoarthritis (OA).
Our study aimed to evaluate the association between monocyte-to-high density lipoprotein-cholesterol ratio (MHR) and OA and
compared it with other systemic inflammatory markers.

Methods: This study recruited 323 OA cases and age- and sex-matched 283 control participants during the same period.
Demographic, clinical, and imaging data and laboratory indicators were obtained from participants’ records. Systemic inflammatory
markers were calculated for both cohorts. The diagnostic effectiveness of each index for distinguishing patients with OA was analyzed
using receiver operating characteristic (ROC) curves. Spearman’s method and ordered logistic regression were used to analyze the
association between each indicator and Kellgren and Lawrence (KL) grade.

Results: MHR was significantly higher (0.38+0.18 vs 0.25+0.07, p < 0.0001) in OA patients than healthy controls. MHR had the
largest area under the ROC curve for predicting OA. Analysis of ordered logistic regression indicated that MHR was a risk factor for
OA radiological severity. Spearman correlation analysis indicated that MHR significantly correlates with the KL grade. Moreover,
MHR was significantly higher in early stage patients than in healthy controls.

Conclusion: These results suggest that an elevated MHR could reflect knee OA severity and might be a useful marker for diagnosis
and monitoring of OA.
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Introduction

Osteoarthritis (OA) is the most prevalent joint disorder in older adults worldwide, with approximately 250 million
patients, with knee OA being the predominant type.' In addition, as the global population ages, the incidence of OA
increases yearly, with some studies predicting an increase of more than 40% by 2025.% Persistent degenerative changes in
the articular cartilage can lead to cartilage sclerosis and bone fragmentation. In addition, patients with OA can present
with increased inflammatory infiltration, vascularization and fibrosis of infrapatellar fat pad, as well as concurrent
inflammation of synovial membrane and meniscal degeneration.” >These pathological phenotypes can further affect
joint homeostasis and promote and perpetuate joint damage. Hence, patients with advanced diseases often require joint
replacement surgery, posing significant health and economic challenges to individuals and society.® Currently, the
diagnosis and assessment of OA severity are based on clinical and imaging criteria.” However, these are usually
ineffective in detecting OA until the patient is in an advanced stage.® Studies have revealed that certain cellular or
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molecular changes appear much earlier than obvious clinical signs.” Therefore, the search for OA biomarkers has become
a focus in this field.'® Unfortunately, clinically applicable biomarkers for diagnosing OA and assessing its severity are
unavailable.'" The underlying molecular mechanisms of OA are not fully understood; however, substantial evidence
indicates that inflammatory and metabolic changes play essential roles in the pathophysiology of OA.'? Certain cytokines
and mediators produced by joint-infiltrating immune cells can accelerate articular cartilage degeneration, inflammation of
synovial membrane, meniscal degeneration and inflammation and fibrosis of the infrapatellar fat pad.'*> Among these
immune cells, Monocytes (MON) can migrate to tissues and secrete inflammatory cytokines, influencing the level of the
inflammatory response. Additionally, their numerical and phenotypic changes can be markers reflecting the degree of
inflammation.'* In addition, plasma levels of high-density lipoprotein cholesterol (HDL-C) were significantly and
negatively associated with OA risk."> Thus, the monocyte-to-HDL-C ratio (MHR) can indirectly represent the body’s
inflammatory condition, and its association with the development of chronic inflammatory diseases has been
established.'® MHR has been associated with prognostic outcomes in diseases such as cardiovascular disease and
diabetes.'””

aimed to evaluate the association between MHR and OA and compared it with other systemic inflammatory markers.

19 Nevertheless, no studies have assessed the clinical value of MHR in patients with OA. Therefore, we

Materials and Methods

Participants and Study Design
This study enrolled 412 patients with OA between February 2015 and May 2022. The diagnostic criteria of the American
College of Rheumatology’s revised classification of OA in 1986 was used to determine OA.*°

Inclusion criteria involved patients: (1) met the diagnostic criteria for osteoarthritis of the knee; (2) with com-
plete medical records, laboratory data and imaging data; (3) no history of knee trauma or knee surgery. Exclusion criteria
involved patients: (1) with other connective tissue and autoimmune diseases; (2) with severe hepatic and/or renal
impairment; (3) with severe cardiovascular disease; (4) with malignant neoplasm; (5) with diabetes, hyperthyroidism,
or primary or secondary adrenal dysfunction; (6) pregnancy, lactation, or acute or chronic infection; and (7) a history of
smoking, violent fractures, or psychiatric disorders. We selected 283 age- and sex-matched healthy participants without
any evidence of OA as the control group. Subjects in control group were obtained from the same period of healthy
physical examination population, and these individuals did not have any signs and symptoms of arthritis, including: no
joint pain, no morning stiffness, no friction sound, no limitation of joint movement, no joint pressure, no joint
hypertrophy, no joint deformity, etc. Eighty-nine individuals with OA were excluded due to inadequate laboratory data
or meeting the exclusion criteria, and 323 patients were enrolled in the follow-up study. The hospital’s ethics committee
approved all procedures.

Radiographic Examination of the Knee Joint for OA

Two experienced radiologists independently analyzed the radiographic images. Radiographs were classified utilizing the
Kellgren and Lawrence (KL) classification criteria as follows:*' grade I showed mild bone stenosis; grade II showed
significant bone stenosis without the involvement of the joint space; grade III showed moderate narrowing of the joint
space; and grade IV showed significant narrowing of the joint space with subchondral bone sclerosis. In patients with
OA, the mild, moderate, and severe groups were grouped according to the KL grading criteria, with grades I-1I being the
mild and moderate groups, and grades III-IV being the severe group.

Data Collection and Laboratory Analysis

Baseline information, including age, sex, and medical and medication history, was collected from the medical records of
all participants. A Sysmex XN2000 automatic hematology analyzer was used to measure white blood cells (WBC),
neutrophils (NEU), monocytes (MON), lymphocytes (LYM), platelets (PLT), mean corpuscular volume (MCV), mean
platelet volume (MPV), and red blood cell distribution width- coefficient of variation (RDW-CV). Albumin (ALB),
prealbumin (pALB), alkaline phosphatase (ALP), total cholesterol (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-C), HDL-C, apolipoprotein Al (APO-Al), and apolipoprotein B100 (APO-B100) levels were
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measured in fasting venous blood using a Hitachi 7600 automatic biochemical analyzer. C-reactive protein (CRP) levels
were determined using an immunoturbidimetric assay with the IMMAGE 800 system.

Calculation of the Derived Systemic Inflammatory Markers

This study systematically evaluated the values of previously reported systemic inflammatory markers, including
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), derived NLR (dNLR), ALB to CRP ratio
(ACR), neutrophil to HDL-C ratio (NHR), platelet to HDL-C ratio (PHR), MHR, and ALB to ALP ratio (AAPR), in the
diagnosis and severity assessment of OA. The above-derived indicators were obtained using the following formulae: (1)
NLR=NEU/LYM (2) PLR=PLT/LYM (3) dNLR=NEU/(WBC-NEU) (4) ACR=ALB/CRP (5) NHR=NEU/HDL-C (6)
MHR=MON/HDL-C (7) PHR=PLT/HDL-C and (8) AAPR=ALB/ALP.

Statistical Analysis

A priori power analyses were conducted in G*Power 3.1.9.7 in order to ensure a sufficiently large sample size. All data
obtained in this study were processed and analyzed using SPSS 23.0 software. Data of this research were tested for normal
distribution using Kolmogorov—Smirnov test. For normally distributed data, independent t-tests were performed to compare
differences. Non-normally distributed data were compared using the Mann—Whitney U-test. The chi-squared (%2) test was
used to compare the count data. One-way ANOVA was used for multiple comparisons following a post-hoc Tukey’s HSD
test. Spearman’s method was used to analyze the correlations between the indicators. Ordered logistic regression was used
to identify the predictors of OA severity. The diagnostic performance of each indicator was evaluated using receiver
operating characteristic (ROC) curves. The differences were considered statistically significant at p= 0.05.

Results

Participants’ Baseline and Laboratory Characteristics

The control group included 283 healthy participants with a median age of 58, including 224 women (79.16%) and 59
men (20.85%). The OA group consisted of 323 patients with confirmed knee OA, including 262 (81.11%) women and 61
(18.89%) men, with a median age of 62. There were 96 (29.72%), 142 (43.96%), 73 (22.60%), and 12 (3.72%) patients
with OA grades I, II, III, and IV, respectively. Further analysis of the laboratory data revealed insignificant differences in
MCYV, PLT counts, pALB, TG, TC, LDL-C, and APO-A1 between the two groups (p > 0.05). In contrast, when compared
to healthy controls, patients with OA had higher BMI (body mass index), WBC counts, RDW-CV, MPV, NEU counts,
MON counts, CRP, ALP, and APO-B100 (p < 0.05) and decreased levels of LYM counts, ALB, and HDL-C (p < 0.05).
The demographic and laboratory characteristics of the participants are described in more detail in Table 1.

The Changes in the Derived Systemic Inflammatory Markers in OA Cases

Compared to the healthy population, patients with OA had higher NLR, dNLR, NHR, and MHR (p < 0.05). Furthermore,
ACR and AAPR were significantly lower in patients with OA than in healthy controls (p < 0.05). Meanwhile, PLR and
PHR did not differ significantly between the two groups. Figure 1 shows the differences between the derived systemic
inflammatory markers in the two populations.

Diagnostic Performance of the Derived Systemic Inflammatory Markers for
Differentiating OA Cases from Healthy Individuals

We evaluated the ability of these markers to identify patients with OA by drawing ROC curves for NLR, PLR, dNLR,
ACR, NHR, MHR, PHR, and AAPR. The ROC curve results suggested that the MHR had the largest area under the
curve at 0.740, with an optimal diagnostic threshold of 0.32. The MHR had a diagnostic sensitivity of 0.848 and
a specificity of 0.579. The ROC curves of each indicator are presented in Figure 2, and Table 2 provides a complete list
of the diagnostic performance metrics.
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Table | The Demographic Data and Laboratory Indicators of the Two Populations

Index HCs (n=283) OAs (n=323) p value
Age 58(54,64.5) 62(54,69) 0.108
Gender (M/F) 59/224 61/262 0.545
BMI (kg/m?) 24.19(23.13,25.31) | 24.55(23.39,25.78) 0.026
White blood cells, 10°/L 5.21(4.545,6.105) 5.6(4.575,6.945) 0.001
Mean corpuscular volume, fL 93(90.9,95.25) 93(90,96) 0.581
RDW-CV 12.6(12.2,12.9) 12.7(12.2,13.3) 0.007
Platelet count, 10%/L 207(171.5238) 196(158,236) 0.072
Mean platelet volume 10.6(10,11.5) 11(10,11.9) 0.036
Neutrophil count, 10%/L 3.01(2.455,3.63) 3.32(2.63,4.485) <0.0001
Lymphocyte count, 10%/L 1.71(1.405,2.075) 1.58(1.245,2) 0.002
Monocyte count, 10%/L 0.31(0.26,0.395) 0.4(0.32,0.52) <0.0001
C-reactive protein, mg/dL 0.184(0.129,0.28) 0.32(0.16,0.77) <0.0001
Albumin, g/L 46(44.1,49) 43.6(40.95,45.75) | <0.0001
Prealbumin, mg/L 240(215,268) 252(215,290.5) 0.078
Phosphatase, U/L 76(66,90.5) 87(69,103) <0.0001
Triglycerides, mmol/L 1.24(0.965,1.69) 1.26(0.9,1.76) 0.696
Total cholesterol, mmol/L 4.73(4.22,5.16) 4.76(4.15,5.47) 0.206
LDL-C, mmol/L 2.88(2.52,3.185) 2.93(2.395,3.57) 0.107
HDL-C, mmol/L 1.29(1.165,1.48) 1.17(0.98,1.43) <0.008
Apolipoprotein Al, g/L 1.475(1.192,1.67) 1.46(1.185,1.68) 0.950
Apolipoprotein B100, g/L 0.76(0.66,0.88) 0.91(0.76,1.05) <0.0001

Abbreviations: BMI, body mass index; RDW-CV, red blood cell distribution width-coefficient of
variation; LDL-C, low-density lipoprotein cholesterol, HDL-C, high-density lipoprotein cholesterol.

The Correlation Between the Derived Systemic Inflammatory Markers and KL Scores
of OA Cases

Spearman correlation analysis revealed that NHR, MHR, and PHR were positively correlated with KL scores, with the
largest correlation coefficient of 0.4061 for MHR (p < 0.0001). The correlations between the other indicators and the KL
scores were insignificant (p > 0.05). Details are depicted in Figure S1.

Differences in MHR Among OA Patients with Different KL Classifications

Patients with KL grades I to IV had significantly higher MHR than healthy controls. Patients graded as IV had
a significantly higher MHR than those graded as III, II, or I. Moreover, MHR was higher in cases graded III than in
those graded II, with no significant difference in MHR between cases graded II and I (p > 0.05). Additionally, MHR was
significantly higher in early-stage patients (grade I and II) than in healthy controls (p < 0.05). Details are depicted in
Figure 3.

The Factors with OA Severity
After adjusting for age and sex, we discovered that LYM, MON, HDL-C, NHR, MHR, and PHR were closely associated
with KL grade in patients with OA using ordered logistic regression (Table 3).

Discussion

This study confirmed that MHR might provide important information for assessing radiological severity in patients with
OA. According to our findings, patients with severe OA had a higher MHR than those with mild-to-moderate OA.
Furthermore, MHR values were significantly higher in OA patients with KL grade I or II compared to healthy controls,
suggesting that MHR may be a marker for early OA diagnosis. We also demonstrated that MHR was an independent
predictor of OA severity. This study indicates that MHR may be useful for the adjunctive diagnosis of OA and the
assessment of disease severity.
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Figure | The comparison of the derived systemic inflammatory markers in patients with osteoarthritis and healthy controls. (A) NLR; (B) PLR; (C) dNLR; (D) ACR; (E)
NHR; (F) MHR; (G) PHR; (H) AAPR.

Abbreviations: OAs, osteoarthritis; HCs, healthy controls; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; dNLR, derived NLR; ACR, albumin to
C-reactive protein ratio; NHR, neutrophil to high density lipoprotein-cholesterol ratio; MHR, monocyte-to-high density lipoprotein-cholesterol ratio; PHR, platelet to high
density lipoprotein-cholesterol ratio; AAPR, albumin to alkaline phosphatase ratio.
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Figure 2 Receiver operating characteristic curves of the derived systemic inflammatory markers.
Abbreviations: AUC, area under the curve; NLR, neutrophil-to-lymphocyte ratio; dNLR, derived NLR; ACR, albumin to C-reactive protein ratio; NHR, neutrophil to high
density lipoprotein-cholesterol ratio; MHR, monocyte-to-high density lipoprotein-cholesterol ratio; AAPR, albumin to alkaline phosphatase ratio.

The risk of suffering from OA is significantly increased in individuals over 40 years, and the prevalence of OA is as
high as 50% in those older than 65 years.”? Age is an independent risk factor for OA incidence,”® but it remains unclear
whether age correlates with OA severity. Our findings suggest that age is a risk indicator for radiological severity in
patients with OA. Age-related changes in chondrocytes and cartilage matrices, such as shortened chondrocyte telomeres,
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Table 2 Diagnostic Performance Characteristics of Hematology-Derived Markers of Osteoarthritis

Index AUC Cut-off | Sensitivity | Specificity | PPV | NPV | Youden
NHR 0.655 (0.611-0.698) 2.88 0.774 0.505 0.578 | 0.718 0.278
MHR 0.740 (0.701-0.780) 0.32 0.848 0.579 0.638 | 0.813 0.427
NLR 0.622 (0.577-0.666) 233 0.8I3 0.402 0.544 | 0.710 0.215
dNLR | 0.594 (0.550-0.639) 1.833 0.841 0.356 0.534 | 0.719 0.197
ACR 0.686 (0.648-0.732) 115.01 0.933 0.452 0.599 | 0.885 0.385
AAPR | 0.690 (0.648-0.732) 0.550 0.806 0.498 0.585 | 0.745 0.304

Abbreviations: AUC, area under the curve; NHR, neutrophil to high density lipoprotein-cholesterol ratio; MHR,
monocyte-to-high density lipoprotein-cholesterol ratio; NLR, neutrophil-to-lymphocyte ratio; dNLR, derived NLR; ACR,
albumin to C-reactive protein ratio; AAPR, albumin to alkaline phosphatase ratio; KL, Kellgren and Lawrence; PPV, positive
predictive value; NPV, negative predictive value.

increased PB-galactosidase activity, and cartilage matrix loss, as well as changes in the subchondral bone, synovium,
meniscus and infrapatellar fat pad, all contribute to the progression of OA.**?*

OA was once thought to be a mechanical response of the joint to increasing loads over time; however, it is now
considered an inflammatory damage response process mediated by an integrated involvement of mechanical stress and
immune response rather than a simple mechanical wear process.® The most prevalent hypothesis for the mechanism of
OA is a sterile inflammatory reaction induced by degenerating cartilage fragments or remnants of cellular breakdown,?’
which can induce the upregulation of pro-inflammatory cytokines.?® It can also induce the upregulation of cartilage
oligomeric matrix proteins, proteoglycans, cross-linked C-telopeptides of type II collagen, and matrix
metalloproteinases.”” These cytokines and cartilage degradation products have been associated with OA. In addition,
some nutrients and vitamins have been shown to associate with OA, Vitamin A and its derivatives retinoic acid regulate
the cartilage and skeletal formation and drive OA development.>® However, OA is the consequence of a multifaceted
misbalance between synthesis and cleavage of extracellular matrix, and measuring one alone is often inadequate. These
markers are primarily used in scientific research rather than clinical settings because they are small, difficult to measure,
and expensive. Hence, it is clinically important to find inexpensive, readily available, and suitable serological markers for
the early screening and diagnosis of OA in primary care hospitals. Our study aimed to identify markers that would enable
primary care hospitals to screen and diagnose in the preclinical or subclinical stage, and to enable people with high-risk
factors for OA and early patients with OA to receive further definitive screening and reasonable treatment. Studies on
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Figure 3 Monocyte-to-high density lipoprotein-cholesterol ratio in osteoarthritis patients with different Kellgren and Lawrence scores.

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; dNLR, derived NLR; ACR, albumin to C-reactive protein ratio; NHR, neutrophil
to high density lipoprotein-cholesterol ratio; MHR, monocyte-to-high density lipoprotein-cholesterol ratio; PHR, platelet to high density lipoprotein-cholesterol ratio; AAPR,
albumin to alkaline phosphatase ratio; KL, Kellgren and Lawrence; HCs, healthy controls.
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Table 3 The Factors of Osteoarthritis Severity with or Without Adjustment for Age and
Sex (B, Regression Coefficient)

Crude B | Crude p values | Adjusted § | Adjusted p values

Age (y) 0.037 <0.0001 / /
Sex (0.425) 0.109 / /
BMI (0.052) 0.355 (0.049) 0.382
White blood cells 0.074 0.157 0.094 0.075
Mean corpuscular volume 0.049 0.024 0.030 0.185
RDW-CV (0.037) 0.691 (0.040) 0.668
Platelet count 0.001 0.714 0.002 0.186
Mean platelet volume (0.017) 0.802 (0.043) 0.532
Neutrophil count 0.026 0.639 0.045 0.430
Lymphocyte count 0.438 0.011 0.429 0.014
Monocyte count 4.746 <0.0001 4.750 <0.0001
C-reactive protein 0.055 0.236 0.048 0.298
Albumin (0.027) 0.250 (0.010) 0.681
Prealbumin (0.002) 0.148 (0.001) 0.366
Phosphatase 0.002 0.579 0.001 0.698
Triglycerides 0.077 0.546 0.121 0.347
Total cholesterol 0.042 0.691 0.017 0.875
LDL-C 0.040 0.718 0.023 0.839
HDL-C (1.784) <0.0001 (1.794) <0.0001
Apolipoprotein Al (0.305) 0.290 (0.436) 0.136
Apolipoprotein B100 0.157 0.615 0.253 0.422
NHR 0.214 <0.0001 0.221 <0.0001
MHR 6.337 <0.0001 6.309 <0.0001
NLR (0.005) 0.739 (0.003) 0.869
PLR 0.000 0.535 0.000 0.820
dNLR (0.077) 0.202 (0.084) 0.164
ACR 0.000 0.271 0.000 0.341
AAPR (0.668) 0.285 (0.444) 0.485
PHR 0.005 <0.0001 0.006 <0.0001

Abbreviations: RDW-CYV, red blood cell distribution width-coefficient of variation; LDL-C, low-density lipoprotein
cholesterol, HDL-C, high-density lipoprotein cholesterol; NHR, neutrophil to HDL-C ratio; MHR, monocyte to HDL-C
ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; dNLR, derived NLR; ACR, albumin to
C-reactive protein ratio; AAPR, albumin to alkaline phosphatase ratio.

systemic inflammatory indicators in the blood have demonstrated that they can be used as independent factors in the
diagnosis, severity grading, and prognostic assessment of the disease.*' * Therefore, hematology-derived markers are
a feasible and promising OA diagnosis and screening method. In this study, we examined the possibility of MHR as
a basic hematological marker for the severity of OA.

We confirmed that MHR could be an effective OA biomarker. Circulating MON can enter tissues and differentiate
into macrophages, which then participate in the immune response, and its quantitative changes can reflect the progression
of certain inflammatory diseases.® Articular cartilage, infrapatellar fat pad and synovial membrane damage in OA
contribute to the production of inflammatory cytokines, which activate macrophages to produce more pro-inflammatory
cytokines.”~® Loukov et al discovered that modulating MON recruitment to the synovium could be a new therapeutic
target for OA.>’ Consistent with Gao et al,*® we discovered that peripheral MON counts were significantly higher in
patients with OA. The increased MON counts may be caused by immune-inflammatory responses. Additionally, it has
been discovered that MON can be activated through an inflammasome-mediated pathway that promotes OA
progression.®” Furthermore, alterations in lipid structure have recently been revealed to play an essential role in joint
degeneration, and conditional knockout mice with low HDL-C expression and high LDL-C expression were more likely
to develop ectopic bone formation and OA.***' To the best of our knowledge, HDL-C can regulate lipid metabolism
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while also reducing macrophage-mediated inflammatory responses.*> HDL-C produces anti-inflammatory biological
actions on macrophages that exceed its impact on cellular cholesterol. Indeed, HDL-C can activate transcription factor
3, a vital negative regulator of TLR signaling.** Epidemiological data suggest that the serum concentration of HDL-C is
significantly decreased in patients with OA,** which is consistent with our findings. Moreover, a higher HDL level was
directly correlated with a lower risk of OA.*> MHR, derived from the pro-inflammatory factor MON and anti-
inflammatory factor HDL-C, is considered a low-cost and simple laboratory indicator of systemic inflammation in
several diseases. A study on Behcet’s disease revealed that MHR reflects the overall inflammation level in patients and
serves as a marker to predict early vascular involvement.*® Similarly, in psoriasis, MHR indicates a patient’s inflamma-
tion level.*’ Therefore, MHR can be applied in monitoring disease severity in patients with OA.

This study had some limitations. First, the cohort of patients with OA enrolled was relatively small, with all patients
originating from a single center. Future studies should include a larger multicenter population for evaluation. In addition,
the potential value of MHR has been identified; however, its relationship with the pathobiology of OA remains elusive,
and it is unclear whether its elevation is implicated in an increased risk of cardiovascular involvement in OA. Therefore,
an in-depth analysis of the detailed mechanisms of its elevation and progression with OA is needed.

In conclusion, MHR was significantly higher in patients with OA than in controls, even in early-stage patients. It is
out-performing, but is complimentary to other inflammatory markers, especially those that are intra-articular in nature
compared to systemic markers. To the best of our knowledge, this is the first report to identify MHR as a potential and
convenient biomarker of OA.
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