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Purpose: Despite the association between peripheral blood inflammatory biomarkers and a range of inflammatory diseases, the role of
these biomarkers in osteoarthritis (OA) progression remains unclear. Additionally, whether alterations in these inflammatory markers
impact the prognosis of OA patients remains an understudied area. The aim of our study was to investigate the specific associations
between peripheral blood inflammatory markers and OA progression and OA-related mortality.

Methods: Data were obtained from the National Health and Nutrition Examination Survey (NHANES) database from 1999 through
2018. The primary outcomes were all-cause mortality, cardiac mortality, and renal disease mortality, with information on the
corresponding mortality rates for each participant obtained through association with the National Death Index (NDI). Multivariate
logistic regression models were used to examine the relationship between peripheral blood lymphocyte counts and OA, and restricted
cubic spline (RCS) analysis was utilized to assess whether there was a nonlinear relationship with OA and mortality of OA patients.
Interaction and stratified analyses were employed to explore the association between peripheral blood leukocyte counts and OA.
Results: This study included 1077 OA patients and 21,612 non-OA participants. In model 3 fully adjusted for covariates, eosinophil-
to-lymphocyte ratio (ELR) and eosinophil (EOS) were positive risk factors promoting the development of OA (OR = 3.26, 95% CI:
1.49-7.14; OR = 1.79, 95% CI: 1.12-2.88). In stratified models for age, sex, BMI, smoking status, and alcohol consumption, the
associations of ELR and EOS with OA were significantly different. RCS curves showed a J-shaped relationship between ELR and EOS
and all-cause mortality in patients with OA. ELR was also found to significantly up-regulate cardiac mortality and renal mortality in
patients with OA (OR = 3.92, 95% CI: 1.68-9.14; OR = 22.55, 95% CI: 6.55-77.70), while EOS was only significantly positively
correlation (OR = 3.68, 95% CI: 1.94-7.01).

Conclusion: A significant relationship was found between ELR, EOS and OA. In addition, ELR and EOS were identified as potential
predictors of mortality from different causes in patients with OA.

Keywords: cosinophil to lymphocyte ratio, osteoarthritis, eosinophil, all-cause mortality

Introduction

Osteoarthritis (OA) is a burdensome degenerative disease that can lead to irreversible progressive destruction of articular
cartilage.' It is characterized by meniscal degeneration, subchondral bone remodeling, infrapatellar fat pad fibrosis and
inflammation, which severely limits the quality of life of those affected.”” Data from the UK OA Survey suggest that up to
8.75 million people in the population have symptomatic OA, for which there is no cure other than non-steroidal anti-
inflammatory drugs to relieve symptoms.*> OA is a growing public health problem worldwide, affecting more than half of the

population over the age of 65.° An estimate of the burden in 2018 put the total annual cost of treating OA at $8.6 billion in
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Australia, $20.9 billion in the UK, and as high as $142.1 billion in the US.” Unfortunately, OA is currently diagnosed on the
basis of pain and radiographic findings, both of which are usually seen in the later stages of the disease when it is more difficult
to treat.® Therefore, the identification of new potential bioindicators or risk factors for OA is urgent and necessary.

OA is a complex chronic disease. One of the most evident reasons in the pathogenesis of osteoarthritis is frequently
age, but as research has advanced, it has become clear that other moderate to severe risk factors include heredity, obesity,
and pre-existing traumas.” '" Furthermore, it has been demonstrated that inflammatory activity plays a significant role in
the advancement of OA, with earlier research indicating the involvement of several inflammatory factors.'? For example,
the family of inflammatory factors known as matrix metalloproteinases (MMPs) has been studied as an important player
in the pathogenesis of OA."? Furthermore, interleukin-1p (IL-1p), interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-
o) have been implicated in the pathophysiological process of OA.'* As a result, there is a consensus that indicators of
inflammation can serve as reliable biomarkers for OA.'> However, there is a lack of cost-effective and readily available
biomarkers for the pathogenesis of OA, and it is controversial whether patients with OA present with a systemic
inflammatory immunophenotype.

Routine blood tests are the most readily available clinical tests in which the numbers of inflammatory cells in a wide
range of peripheral blood and their ratios to each other have been found to correlate with the progression of various
diseases.'®!” For instance, the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and monocyte-
to-lymphocyte ratio (MLR) have been found to correlate linearly or non-linearly with the onset of depression.'® The
neutrophil-to-albumin ratio (NPAR), another peripheral blood immunocyte ratio, was reported to have a predictive value
of 0.81 for the diagnosis of NAFLD.'” To the best of our knowledge, prior research has documented a correlation
between peripheral inflammatory indicators and OA; however, these studies were lacking in subgroup analyses, were
inadequate, and concentrated on a single marker.’®?' Furthermore, inflammatory cellular changes in peripheral blood
have not gotten enough attention, although some research concentrating on different OA-related mortality.”* Therefore,
after clarifying the effect of peripheral blood on the progression of OA, we further investigated the effect of peripheral
blood on mortality in patients with OA. This study aimed to investigate how these blood biomarkers of inflammation are
related to OA and to mortality in OA patients.

Methods

Data Source

Data from the publicly available National Health and Nutrition Examination Survey (NHANES) database between 1999
and 2018 were collected for this study (Figure 1). NHANES is designed to assess the health and nutritional status of
adults and children in the United States and is conducted by the National Center for Health Statistics (NCHS). This
survey collected data from a variety of sources, including interviews, medical examinations and laboratory tests. The
detailed methodology can be found on the official website (http://www.cdc.gov/nchs/nhanes.htm, accessed on

2 January 2024). The data were released for research purposes, all participants signed an informed consent form, and
the NCHS permitted the researchers to use the data.”® This study was deemed exempt by the review committee of the
Second Hospital of Shanxi Medical University.

Exclusion criteria included minors, individuals with missing blood cell data and individuals with missing education
level, BMI, hypertension, diabetes, smoking and alcohol consumption. Individuals with missing activity metabolic
equivalent (MET) and poverty income ratio (PIR) were also excluded. We also omitted people with other types of
arthritis and those who did not respond to the questionnaire. The flowchart of the above process is presented in Figure 1.

Definition of Primary Variates

For the inclusion of OA patients, our study only included respondents who self-reported OA and were older than 18 years
old. “Did the doctor ever tell you that you have arthritis?”” When the answer to this question is yes, it is regarded as being
an arthritis patient. Then, through “which type of arthritis?”” This problem identifies and distinguishes “osteoarthritis”
from other arthritis. As a common chronic disease, self-reported information is considered reliable in 85% of cases.**
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Figure | The flow chart portraying participant inclusion and exclusion in the current study.

All volunteers recruited for NHANES had a blood sample taken at the start of the study to facilitate the construction
of a complete blood count (CBC) profile. The NLR is calculated by dividing the absolute total neutrophil count by the
absolute total lymphocyte count, and the ELR is similarly calculated by dividing the absolute total eosinophil count by
the absolute lymphocyte count. NPAR is calculated using the formula Neutrophil percentage (%)100/albumin (g/dL)."®

All-cause mortality, cardiac mortality, and renal cause mortality were the main results. The National Center for Health
Statistics (NCHS) has linked data collected from several NCHS population surveys with death certificate records from
the National Death Index (NDI). Data on each participant’s mortality status were obtained using probabilistic matching
between NHANES and NDI death certificate records. A limited-use version of the Associated Mortality file (LMF) is
available through the NCHS Research Data Center (RDC), which has been updated with mortality follow-up data as of
31 December 2019. Mortality data can be found at https://www.cdc.gov/nchs/datalinkage/mortality-public.htm.

Covariates
Data on physical activity were examined using the WHO’s analytical guidelines. Metabolic equivalent (MET) minutes of
moderate-to-intense exercise per week were calculated from physical activity.

Age (continuous), sex (male or female), and race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican
American, other Hispanic, and other/mixed race) were the demographic covariates. The evaluation of socioeconomic
position was based on two factors: the ratio of poverty to income (<1.3, 1.3-3.5, >3.5) and the educational attainment
(less than 9th grade, 9th-11th grade, high school graduate, some college, college and above). Body mass index (BMI)
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ranges from underweight (<18.49 kg/m?®) to normal (18.50-24.99 kg/m?), overweight (25.00-29.99 kg/m?), or obese
(=30.00 kg/mz); blood glucose (DM, IFG, IGT, and No); hypertension (Yes or No); smoking status (former, current, and
never smoker); and alcohol consumption (light, moderate, heavy, never, and former) were among the lifestyle and health-
related factors involved. Covariate data that were missing were not included.

Statistical Analysis

Sample weights were assigned to each participant to mask variance between them, in accordance with the CDC’s
NHANES guidelines for complex data analysis. Continuous variables were expressed as means (SE), while categorical
variables were expressed as percentages. Analysis of variance (ANOVA) is used to test the significance of the difference
between the means of two or more samples. Specifically, ANOVA is categorized as one-way or two-way ANOVA. One-
way ANOVA is used to investigate whether different levels of a control variable have a significant effect on an observed
variable. To examine differences between groups, weighted chi-squared tests and weighted one-way ANOVA were
utilized for categorical and continuous variables, respectively. Multivariate logistic regression was used to test the
association between peripheral blood lymphocyte count and OA. Model 1 was an unadjusted model, model 2 was
adjusted for four covariates: age, race, education level, income level, and sex. Model 3 was a fully adjusted model. In
addition, interaction and stratified analyses were performed to examine the effects of several common factors, including
age, BMI, sex, smoking, and alcohol consumption. R (version 4.3.2) and accompanying versions of Rtools and RStudio
were used for data organization and statistical analysis.

Results

Baseline Characteristics

Data from 22,689 individuals in the NHANES database were analyzed for the study, including 1077 OA patients and
21,612 non-OA participants. Our study explored the discrepancies between the two groups of participants (Table S1).
Regarding demographic characteristics, the study found significant differences between the two groups in terms of age,
sex, race, and income (P < 0.05). However, there were no significant differences in the level of education (P > 0.05).
Furthermore, the analysis of peripheral blood cells showed significant differences in EOS, PLT, ALB, NLR, NPAR, and
ELR between the two groups (P < 0.05), while there were no significant differences in WBC, LYM, and NEU (P > 0.05).
NLR, NPAR, and ELR were categorized into tertiles, with tertile 1 (Q1) representing the low value and tertile 3 (Q3)
representing the high value. The results indicated that NLRQ, NPARQ, and ELRQ were all significantly different
between the two populations (P < 0.05). The metabolic equivalents (METs) were a unit of measurement used to
determine the energy expenditure of a participant after completing a specific activity. It was an important indicator of
relative energy metabolism levels and exercise intensity. One MET was the equivalent of 3.5 mL O’kg 'min~'. When
measuring exercise intensity in MET, a significant difference was found between the two groups (P < 0.0001).
Additionally, there were notable distinctions between the two groups in terms of their medical history, including
hypertension and diabetes, BMI categorization, smoking and alcohol habits, and survival status (P < 0.05).

Association of Peripheral Blood Cells with OA

Three models were constructed to examine the relationship between peripheral blood cells and OA in this study
(Table 1). In Model 1, when not controlling for covariates, ALB showed a significant negative association with OA.
Meanwhile, EOS, NLR, NPAR, and ELR showed a significant positive association with OA. However, in Model 2,
which adjusted for age, race, education level, income level, and sex, as well as in fully adjusted Model 3, only EOS and
ELR had significant positive correlations with OA.

Stratified Analyses

Table 2 showed the results of the stratified analysis on the relationship between ELR and OA risk. There was no significant
difference between ELR and OA when stratified by subgroup (P for interaction >0.05). Table 3 displayed the results of the
stratified analysis on the relationship between EOS and OA risk. There was no interaction between ELR and OA when
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Table | Association Between Peripheral Blood Cells and OA

Model | Model 2 Model 3

OR (95% CI) P value OR (95% CI) | P value OR (95% CI) | P value
WBC 1.00(0.97,1.04) 0.86 1.02(0.99,1.04) | 0.17 1.00(0.97,1.03) | 0.94
LYM 0.93(0.75,1.15) 0.48 1.01(0.98,1.04) | 0.71 1.00(0.96,1.03) | 0.8
NEU 1.02(0.98,1.06) 0.45 1.04(1.00,1.09) | 0.06 1.00(0.95,1.05) | 0.97
EOS 1.94(1.38,2.73) <0.001 2.28(1.55,3.36) | <0.0001 1.79(1.12,2.88) | 0.02
PLT 1.00(1.00,1.00) <0.0001 1.00(1.00,1.01) | <0.0001 1.00(1.00,1.01) | <0.0001
ALB 0.40(0.33,0.50) <0.0001 0.81(0.61,1.06) | 0.12 0.95(0.72,1.25) | 0.71
NLR 1.16(1.10,1.22) <0.0001 1.04(0.98,1.11) | 0.16 1.05(0.99,1.12) | 0.13
NPAR 1.11(1.07,1.14) <0.0001 1.02(0.99,1.06) | 0.15 1.01(0.98,1.04) | 0.5
ELR 7.77(4.32,13.97) | <0.0001 3.71(1.83,7.52) | <0.001 3.26(1.49,7.14) | 0.003
NLRQ
Ql Reference Reference | Reference Reference | Reference Reference
Q2 1.21(1.03,1.43) 0.02 1.14(0.96,1.35) | 0.13 1.09(0.92,1.30) | 0.31
Q3 1.46(1.22,1.75) <0.0001 1.13(0.93,1.38) | 0.2 1.10(0.90,1.34) | 0.36
NPARQ
Ql Reference Reference | Reference Reference | Reference Reference
Q2 1.28(1.08,1.52) 0.005 1.06(0.88,1.27) | 0.55 1.02(0.85,1.22) | 0.87
Q3 1.65(1.37,1.99) <0.0001 1.07(0.86,1.33) | 0.53 1.00(0.80,1.24) | 0.99
ELRQ
Ql Reference Reference | Reference Reference | Reference Reference
Q2 1.24(1.01,1.52) 0.04 1.06(0.86,1.32) | 0.58 1.04(0.84,1.29) | 0.72
Q3 1.67(1.38,2.03) <0.0001 1.30(1.06,1.60) | 0.0l 1.25(1.01,1.55) | 0.04

Notes: Model | no covariates were adjusted. Model 2 age, race, sex, poverty income ratio, and education level were
adjusted. Model 3 age, race, sex, poverty income ratio, education level, BMI, hypertension, diabetes mellitus, smoking status,
drinking status and MET were adjusted.
Abbreviations: WBC, white blood cell; LYM, lymphocyte; NEU, neutrophil; EOS, eosinophil; PLT, platelet; ALB, albumin;
NLR, neutrophil to lymphocyte ratio; NPAR, neutrophil to albumin ratio; ELR, eosinophil to lymphocyte ratio; NLRQ,
neutrophil to lymphocyte ratio, in quantiles; NPARQ, neutrophil to albumin ratio, in quantiles; ELRQ, Eosinophil to
lymphocyte ratio, in quantiles.

Table 2 Stratified Analysis of the Associations Between ELR and OA

Model | Model 2 Model 3
OR (95% ClI) P P-Interaction OR (95% CI) P P-Interaction OR (95% CI) P P-Interaction
Age 0.5 0.47 0.64
<60 3.82(1.48,9.90) 0.01 3.68(1.29,10.53) 0.02 2.59(0.77,8.65) 0.12
260 2.48(1.03,5.95) 0.04 2.39(0.93,6.10) 0.07 2.51(1.01,6.22) 0.05
Sex 0.12 0.1 0.12
Male 18.60(9.06,38.16) | <0.0001 19.03(8.63,41.97) | <0.0001 11.92(5.01,28.34) | <0.0001
Female 7.66(3.19,18.39) <0.0001 6.97(2.89,16.81) <0.0001 3.87(1.34,11.14) 0.01
BMI 0.07 0.16 0.18
Underweight 0.12(0.00,18.78) 0.41 0.16(0.00,36.12) 051 0.08(0.00,2.45) 0.38
Normal 7.22(2.38,21.96) <0.001 7.36(2.36,22.91) <0.001 4.55(1.35,15.35) 0.01
Overweight 5.15(1.59,16.65) 0.01 4.93(1.23,19.80) 0.02 3.03(0.69,13.24) 0.14
Obese 19.07(6.97,52.19) | <0.0001 14.90(5.16,43.06) | <0.0001 8.06(2.37,27.37) <0.001
Smoking Status 0.72 0.57 0.31
Former 5.76(1.90,17.47) 0.002 5.25(1.62,16.98) 0.0l 3.00(0.80,11.29) 0.1
Now 12.08(2.86,51.00) | <0.001 13.51(2.97,61.33) | <0.001 14.29(2.71,75.37) | 0.002
Never 6.72(3.04,14.89) <0.0001 6.21(2.59,14.88) <0.0001 3.51(1.27,9.68) 0.02
(Continued)
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Table 2 (Continued).

Model | Model 2 Model 3
OR (95% CI) P P-Interaction OR (95% CI) P P-Interaction OR (95% CI) P P-Interaction

Drinking Status 0.16 0.2 0.27
Mild 15.06(7.35,30.86) | <0.0001 14.33(6.58,31.22) | <0.0001 9.71(4.03,23.37) <0.0001
Heavy 2.64(0.14,51.51) 0.52 2.44(0.10,61.17) 0.58 1.02(0.02,41.60) 0.99
Moderate 3.69(0.26,53.09) 0.34 2.95(0.15,56.92) 0.47 1.49(0.08,26.31) 0.79
Former 1.68(0.42,6.76) 0.46 1.32(0.31,5.65) 0.70 1.06(0.22,5.09) 0.94
Never 6.38(1.09,37.40) 0.04 6.18(0.88,43.61) 0.07 3.52(0.20,63.08) 0.39

Notes: Model | no covariates were adjusted. Model 2 race, poverty income ratio, and education level were adjusted. Model 3 race, poverty income ratio, education level,
hypertension, diabetes mellitus and MET were adjusted.

Table 3 Stratified Analysis of the Associations Between EOS and OA

Model | Model 2 Model 3

OR (95% CI) P P-Interaction OR (95% CI) P P -Interaction OR (95% CI) P P- Interaction
Age 0.4 0.34 0.33
<60 1.95(1.30,2.93) 0.001 2.02(1.30,3.13) 0.002 1.76(1.06,2.92) 0.03
260 1.46(0.79,2.68) 0.22 1.49(0.77,2.90) 0.24 1.50(0.78,2.88) 0.23
Sex 0.22 0.23 0.22
Male 2.87(1.87,4.42) <0.0001 3.24(2.00,5.25) <0.0001 2.76(1.60,4.74) <0.001
Female 1.90(1.18,3.06) 0.0l 1.92(1.15,3.22) 0.01 1.51(0.80,2.85) 0.20
BMI 0.16 0.18 0.15
Underweight 0.07(0.00,2.01) 0.12 0.05(0.00, 2.45) 0.13 0.06(0.00,2.72) 0.15
Normal 2.52(1.12,5.68) 0.03 2.92(1.25,6.80) 0.0l 2.92(1.22,7.01) 0.02
Overweight 1.43(0.69,2.99) 0.34 1.38(0.57,3.32) 0.47 1.18(0.47,2.99) 0.72
Obese 2.13(1.24,3.66) 0.0l 1.96(1.09,3.53) 0.02 1.52(0.79,2.92) 0.21
Smoking Status 0.23 0.21 0.12
Former 1.47(0.74,2.93) 0.27 1.54(0.74,3.19) 0.25 1.19(0.52,2.69) 0.68
Now 3.49(1.70,7.18) <0.001 3.77(1.82,7.84) <0.001 3.76(1.69,8.37) 0.001
Never 1.88(1.16,3.05) 0.01 1.93(1.12,3.34) 0.02 1.49(0.75,2.95) 0.26
Drinking Status 0.02 0.02 0.03
Mild 3.66(2.25,5.96) <0.0001 3.88(2.29,6.58) <0.0001 3.52(1.96,6.31) <0.0001
Heavy 1.18(0.22,6.33) 0.85 1.10(0.17,7.05) 0.92 0.74(0.09,6.00) 0.78
Moderate 0.52(0.13,2.16) 037 0.46(0.10,2.20) 033 0.31(0.06,1.73) 0.18
Former 1.16(0.59,2.29) 0.66 1.10(0.55,2.23) 0.78 1.09(0.50,2.39) 0.83
Never 1.62(0.69,3.84) 0.27 1.57(0.55, 4.48) 0.39 0.73(0.14, 3.72) 0.70

Notes: Model | no covariates were adjusted. Model 2 race, poverty income ratio, and education level were adjusted. Model 3 race, poverty income ratio, education level,
hypertension, diabetes mellitus and MET were adjusted.

stratified by subgroup, except for drinking status (P for interaction >0.05). When EOS levels were higher, individuals with
mild drinking had a greater risk of OA compared to those with other drinking statuses (P for interaction = 0.03).

The results of stratified analyses in the relationship between ELRQ and OA risk were shown (Table 4). In the age
stratified analysis, a significant positive correlation between ELRQ Q3 and OA was found in the <60 years subgroup in
Model 1. The same correlation was found in Model 2, but not in Model 3. In the sex subgroup, ELRQ and OA showed
a significant positive correlation in all three models. In the stratified analysis of BMI, a significant positive correlation
between ELRQ and OA was observed in normal, overweight, and obese individuals in model 1. However, in Models 2
and 3, this association was only present in the overweight population. In a stratified analysis of smoking status, ELRQ
was positively correlated with OA in Model 1 and Model 2. However, this trend was not significant for the subgroup of
participants who reported never smoking in Model 3. In the stratified analysis of drinking status, ELRQ was positively
correlated with OA in all three models for the subgroup of participants who reported mild drinking. In all meaningful
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Table 4 Stratified Analysis of the Associations Between ELRQ and OA

Model | Model 2 Model 3

Ql | Q2 Q3 P for Trend | QI | Q2 Q3 P for Trend | QI | Q2 Q3 P for Trend
Age
<60 Ref | 1.08(0.78,1.49) | 1.41(1.07,1.86) | 0.0l Ref | 1.03(0.75,1.42) 1.34(1.01,1.76) | 0.02 Ref | 1.01(0.73,1.40) 1.25(0.94,1.66) | 0.08
260 Ref | 1.08(0.85,1.37) | 1.20(0.95,1.52) | 0.13 Ref | 1.06(0.84,1.35) 1.17(0.91,1.49) | 0.2 Ref | 1.07(0.84,1.36) 1.20(0.93,1.54) | 0.14
Sex
Male Ref | 1.63(1.14,2.35) | 2.47(1.80,3.39) | <0.0001 Ref | 1.54(1.07,2.22) | 2.29(1.66,3.15) | <0.0001 Ref | 1.46(1.01,2.12) | 2.05(1.48,2.84) | <0.000I
Female Ref | 1.21(0.94,1.55) | 1.66(1.30,2.12) | <0.0001 Ref | 1.15(0.90,1.47) 1.55(1.21,1.98) | <0.001 Ref | 1.09(0.84,1.42) 1.36(1.04,1.78) | 0.02
BMI
Underweight Ref | 1.03(0.34,3.08) | 1.15(0.41,3.25) | 0.79 Ref | 0.89(0.29, 2.77) | 1.28(0.45, 3.63) | 0.61 Ref | 1.06(0.36,3.15) 1.15(0.36,3.69) | 0.82
Normal Ref | 1.33(0.83,2.13) | 1.47(1.02,2.11) | 0.04 Ref | 1.23(0.76,1.99) 1.40(0.98,2.02) | 0.06 Ref | 1.19(0.73,1.93) 1.34(0.92,1.94) | 0.12
Overweight Ref | 1.27(0.90,1.79) | 1.40(1.01,1.93) | 0.04 Ref | 1.22(0.87,1.71) 1.28(0.92,1.78) | 0.17 Ref | 1.18(0.84,1.67) 1.18(0.84,1.66) | 0.41
Obese Ref | 1.14(0.78,1.66) | 2.02(1.44,2.82) | <0.0001 Ref | 1.06(0.72,1.56) 1.81(1.29,2.54) | <0.0001 Ref | 1.00(0.67,1.47) 1.59(1.12,2.24) | 0.001
Smoking Status
Former Ref | 1.27(0.96,1.68) | 1.61(1.20,2.16) | 0.002 Ref | 1.23(0.93,1.62) 1.54(1.15,2.07) | 0.004 Ref | 1.17(0.88,1.56) 1.38(1.02,1.87) | 0.04
Now Ref | 1.78(1.03,3.09) | 2.00(1.20,3.35) | 0.0l Ref | 1.76(1.01,3.08) 1.96(1.17,3.30) | 0.02 Ref | 1.68(0.94,2.99) 1.86(1.10,3.16) | 0.03
Never Ref | 1.07(0.80,1.43) | 1.53(1.17,2.00) | <0.001 Ref | 0.98(0.73,1.32) 1.39(1.05,1.82) | 0.0l Ref | 0.96(0.71,1.29) 1.23(0.93,1.63) | 0.07
Drinking Status
Mild Ref | 1.52(1.12,2.05) | 2.38(1.76,3.22) | <0.0001 Ref | 1.41(1.03,1.92) | 2.18(1.60,2.96) | <0.0001 Ref | 1.40(1.03,1.92) | 2.04(1.50,2.77) | <0.0001I
Heavy Ref | 0.97(0.53,1.77) | 1.10(0.58,2.08) | 0.73 Ref | 0.93(0.51,1.70) 1.03(0.54,1.94) | 0.88 Ref | 0.82(0.45,1.51) | 0.87(0.45,1.68) | 0.77
Moderate Ref | 0.87(0.56,1.35) | 1.15(0.75,1.77) | 0.41 Ref | 0.84(0.54,1.31) 1.05(0.68,1.63) | 0.66 Ref | 0.82(0.52,1.27) | 0.93(0.59,1.44) | 0.87
Former Ref | 1.47(1.03,2.10) | 1.34(0.86,2.07) | 0.35 Ref | 1.43(1.00,2.05) 1.25(0.81,1.93) | 0.53 Ref | 1.40(0.98,2.01) 1.20(0.77,1.88) | 0.68
Never Ref | 0.97(0.52,1.80) | 1.50(0.91,2.50) | 0.06 Ref | 0.85(0.45, 1.60) | 1.30(0.76, 2.21) | 0.19 Ref | 0.71(0.37, 1.36) | 0.97(0.54, 1.73) | 0.8I

Notes: Model | no covariates were adjusted. Model 2 race, poverty income ratio, and education level were adjusted. Model 3 race, poverty income ratio, education level, hypertension, diabetes mellitus and MET were adjusted.
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stratification models, there was a linear trend between ELRQ and OA, except for the former subgroup in the stratification
of drinking status. The specific OR values are shown in Table 4.

Associations of the ELR or EOS with Mortality of OA Patients

Previous studies have suggested that the inflammatory response within the joints of OA patients may affect inflammatory
pathways, thereby altering the systemic inflammatory milieu, which may affect their mortality.”> In addition, on the basis of
the above we investigated the relationship between all-cause mortality, cardiac mortality and renal mortality and ELR or EOS
in patients with OA (Table 5). ELR was significantly positively associated with all-cause mortality, cardiac mortality and renal
mortality in models 1 and 2, with a statistically significant linear trend observed. In Model 3, a similar trend was observed. The
correlation was particularly pronounced for renal mortality (OR = 22.55, 95% CI: 6.55-77.70). The same conclusion did not
apply to EOS (Table 6). Results showed a favorable correlation between EOS and all-cause mortality, cardiac mortality and
renal mortality, exclusively in model 1. In model 2, EOS was positively associated with cardiac and renal mortality only. EOS
was found to have a significant positive correlation with renal mortality only in model 3 (OR = 3.68, 95% CI: 1.94-7.01).

Nonlinear Relationships of ELR or EOS with OA and Mortality of OA Patients

We used restricted cubic spline (RCS) to assess the non-linear association between ELR or EOS and OA (Figure 2A and B).
The results indicated a notable overall correlation between ELR or EOS and osteoarthritis, with no evidence of a non-linear
connection.

Moreover, we also used the RCS to estimate the non-linear relationship between the ELR or EOS and the mortality of
OA patients. The relationship between ELR and all-cause mortality appears to follow a J shape (Figure 2C), as does the
relationship between EOS and all-cause mortality (Figure 2D). Until the ELR hit a low of 0.11, the connection between
ELR and all-cause mortality was not statistically significant (p = 0.21). Subsequently, when ELR grew, so did all-cause
mortality, and there was a strong positive association between the two (p < 0.0001). Meanwhile, with EOS, all-cause
mortality first declined as EOS climbed, but it then increased as EOS increased after the nadir (0.26) was exceeded
(Table 7). All of the correlations were statistically significant at p < 0.05. The overall trend for ELR and EOS to be linked
with cardiac mortality (Figure 2E and F) and renal mortality (Figure 2G and H) was substantial, but no non-linear
connection was found.

Table 5 Association of ELR with Mortality

All-Cause Mortality Cardiac Mortality Renal Mortality
OR (95% CI) P P for Trend OR (95% CI) P P for Trend OR (95% CI) P P for Trend
Model | 5.80(3.81,8.81) <0.0001 <0.0001 8.94(5.17,15.46) <0.0001 <0.0001 25.76(11.26,58.94) <0.0001 <0.0001
Model 2 1.76(1.01,3.05) 0.05 0.05 3.40(1.47,7.85) 0.004 0.004 26.33(7.98,86.88) <0.0001 <0.0001
Model 3 1.95(1.12,3.40) 0.02 0.02 3.92(1.68,9.14) 0.002 0.002 22.55(6.55,77.70) <0.0001 <0.0001

Notes: Model | no covariates were adjusted. Model 2 age, race, sex, poverty income ratio, and education level were adjusted. Model 3 age, race, sex, poverty income ratio,
education level, BMI, hypertension, diabetes mellitus, smoking status, drinking status and MET were adjusted.

Table 6 Association of EOS with Mortality

All-Cause Mortality Cardiac Mortality Renal Mortality
OR (95% Cl) | P P for Trend | OR (95% Cl) | P P for Trend | OR (95% CI) | P P for Trend
Model | | 1.44(1.10,1.90) | 0.0l | 0.0l 1.79(1.30,2.46) | <0.001 | <0.001 3.19(1.94,5.26) | <0.0001 | <0.0001
Model 2 | 1.15(0.81,1.63) | 0.43 | 0.43 1.89(1.08,3.30) | 0.03 0.03 4.53(2.41,8.54) | <0.0001 | <0.0001
Model 3 | 1.03(0.70,1.51) | 0.88 | 0.88 1.67(0.91,3.07) | 0.10 0.1 3.68(1.94,7.01) | <0.0001 | <0.0001

Notes: Model | no covariates were adjusted. Model 2 age, race, sex, poverty income ratio, and education level were adjusted. Model 3 age, race, sex, poverty income
ratio, education level, BMI, hypertension, diabetes mellitus, smoking status, drinking status and MET were adjusted.
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Figure 2 The association of OA with ELR (A) and EOS (B) was visualized by RCS. RCS illustrated the association of all-cause mortality with ELR (C) and EOS (D), cardiac
mortality with ELR (E) and EOS (F), and renal mortality with ELR (G) and EOS (H) in participants with OA.

Abbreviations: OA, Osteoarthritis; NHANES, National Health and Nutrition Examination Survey; MLF, Mortality Linkage File; RCS, Restricted cubic spline; ELR, Eosinophil-to-
lymphocyte ratio; EOS, Eosinophil; MMPs, Matrix metalloproteinases; NLR, Neutrophil-to-lymphocyte ratio; PLR, Platelet-to-lymphocyte ratio; MLR, Monocyte-to-lymphocyte ratio;
NPAR, Neutrophil-to-albumin ratio; NCHS, National Center for Health Statistics; MET, Missing activity metabolic equivalent; PIR, Poverty income ratio; CBC, Complete blood count;
MLFs, Mortality linkage files; NDI, National Death Index; MET, Metabolic equivalent; BMI, Body mass index; ANOVA, Analysis of variance; PAF, Platelet-Activating Factor.
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Table 7 Analysis of All-Cause Mortality Before and After the RCS Inflection Point

ELR EOS

All-Cause Mortality | P-value | All-Cause Mortality | P-value

Threshold value 0.11 0.26
< Threshold value | 0.19(0.01,2.53) 0.21 0.25(0.10,0.64) 0.0004
> Threshold value | 3.52(2.20,5.65) <0.0001 | 1.47(1.02,2.11) 0.04

Discussion

OA is a chronic degenerative joint condition characterized by synovial inflammation and articular cartilage degradation. In
osteoarthritic joints, anabolic and catabolic pathway imbalance is the underlying cause of cartilage degradation.”®*” Our study
initially identified ELR and EOS as risk factors for OA. This was an innovative finding, which suggested that eosinophils were
necessary players in the progression of OA. Eosinophils are highly specialized hemopoietic effector cells that generate,
accumulate, and secrete a variety of bioactive compounds. Under different physiological and pathological conditions,
eosinophils migrate to their target organs to discharge their products, thereby encouraging local inflammation and even
causing tissue damage.”® It has been discovered that comparable cytokines, such as IL-4, IL-10, and CCL11, mediate the
migration, adhesion, survival, and activation of eosinophils.?” These cytokines induce eosinophils to migrate to the lesion site
in the osteoarthritic joints of OA patients, where they emit the cytokine IL-1, which is involved in cartilage destruction.>
Additionally, Platelet-Activating Factor(PAF) produced by eosinophils effectively stimulates macrophages, which in turn
secrete cytokines, growth factors, and MMPs, among other factors leading to inflammation and subsequent degradation of the
cartilage.*'*? These results provided credence to the possible involvement of ELR and EOS in OA.

Leukocyte counts and/or their related ratios are frequently chosen as a measure to assess the existence of inflammation due to
their affordability and convenience. Previous studies have demonstrated the predictive role of ELR in several diseases®~*
According to a study on asthma, individuals with long-term uncontrolled asthma had an inflammatory phenotype that was
accurately predicted by ELR.* In addition to predicting disease progression, ELR could also be applied to indicate drug
efficacy.*® Furthermore, as a separate component, the eosinophil count has a biological function. For instance, it was discovered
that there is a strong correlation between the occurrence of coronary artery disease and EOS.?” Meanwhile, EOS was found to be
positively associated with coronary artery calcification in a cross-sectional study of 1363 consecutive participants with clinically
suspected coronary artery disease and may serve as a provisional new marker for CAC.*® Interestingly, we found that ELR and
EOS had distinct functions even in the same condition. While EOS has been proposed to function as a measure of eosinophilic
deterioration, ELR was utilized in COPD to evaluate eosinophilic airway inflammation during acute exacerbations.***°

In addition to ELR and EOS, neutrophil-to-lymphocyte ratio (NLR) is a common predictor of systemic inflammation.*!
Relevant prior research has demonstrated that blood NLR could serve as a gauge for the severity of OA.>** Our research,
however, did not discover a connection between NLR and OA, indicating that the previous conclusion may not be entirely
trustworthy. It must be recognized that numerous studies provide evidence for the critical role that neutrophils play in the
pathophysiology of OA, even though the exact involvement of NLR in this process is still unclear. According to a study,
neutrophils stimulated osteoclasts and released degradative proteases, such as neutrophil elastase, to encourage bone resorption
and advance OA.** Furthermore, it has been discovered that neutrophil and macrophage populations collaborate in the develop-
ment and course of OA, regulating the inflammatory milieu of OA joints in conjunction with an array of inflammatory cytokines.*
Nevertheless, it is difficult to suppose that the NLR has a similar biological role in the development of OA. Further, large sample
analyses of the relationship between NLR and OA are considered necessary to continue exploring the potential interactions.

Meanwhile, noting that the mortality rate of OA patients was higher than normal people, we analyzed the correlation between
ELR and EOS and all-cause mortality, cardiac mortality, and renal mortality in OA patients.*> The findings demonstrated a non-
linear relationship between ELR and EOS and all-cause mortality, as did EOS. A positive connection with all-cause mortality in
ELR required the achievement of a specific threshold; however, it would be more accurate to refer to the EOS inflection point as
a cut-off number. This was due to the observation that all-cause mortality rises with rising EOS beyond the inflection point but
falls with growing EOS before it. This showed that there may be more going on here than a simple linear association between
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ELR and EOS and all-cause mortality, and further research was needed to establish this relationship in clinical settings. More
importantly, it indicated that ELR and EOS can serve as distinct and significant clinical markers for predicting all-cause mortality
in patients with OA. In the meantime, it was discovered that ELR and EOS may have a prognostic role in both cardiac and renal
causes of death. However, the biological efficacy of ELR and EOS are not identical. Previous research has demonstrated that
T cells regulate the expression of MMP/TIMP and cardiac fibroblast collagen, which in turn affects organ fibrosis.*® Furthermore,
a study discovered a favorable correlation between all-cause and CVD mortality and greater circulating T cell numbers.*’
A 3-year follow-up report showed a positive correlation between CDS cell counts and all-cause mortality in the elderly.*® These
results showed that eosinophils were not the only factor contributing to patient cardiac mortality, which may help to explain why
the ELR and EOS perform differently in terms of mortality prediction.

The correlation between heart disease and eosinophils has garnered significant interest. It has been found that peripheral blood
eosinophilia is often accompanied by cardiac involvement and cardiovascular complications, which in turn increase patient
mortality.*’ The heart is one of the organs most frequently implicated in cases of persistent eosinophilia, according to a substantial
number of cases.”® This offers a potential explanation for the noteworthy association found in patients with OA between ELR and
EOS and cardiac cause death. Furthermore, it has been found that as eosinophil counts increase, the prevalence of chronic kidney
disease and diabetes mellitus, in addition to cardiac arrhythmias, increases.”' Reports of renal involvement in eosinophilic patients
are common.> Peripheral eosinophilia was found to be an independent predictor of tissue eosinophilia and the eventual
development of end-stage renal disease, according to case-control research.>® Furthermore, eosinophilia has been linked to
quite a few illnesses that frequently impair renal function, including uremia, diabetes mellitus, and cholesterol-embolizing
syndromes.>* These findings implied that eosinophils and renal injury may be tightly related, increasing the risk of renal cause
mortality in patients.

Our study has several limitations. To begin with, this study did not allow causal inferences to be drawn about the
causal relationship between ELR, EOS and outcomes. Also, despite the inclusion of a large number of covariates, there
may be unknown confounders, and their influence on the results cannot be excluded. In addition, the ELR and EOS were
only obtained from a routine blood test, which is less reliable. Finally, the generalizability to other populations may be
limited because the study population consisted of US adults.

Conclusion

Overall, our research showed a significant relationship between ELR, EOS and OA, highlighting the prognostic power of
ELR and EOS for patient mortality. More prospective research is highly advised in order to validate the prediction
functions of ELR and EOS and to offer information regarding the prognosis of patients with OA.
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