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Pain in women with knee and/or hip osteoarthritis is related to systemic inflammation and to adipose tissue dysfunction: Cross-sectional results of the KHOALA cohort
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Introduction

Osteoarthritis (OA) is now regarded as a disease characterized by several phenotypes depending on initiating factors (i.e., obesity, joint injury, aging) [START_REF] Courties | The Phenotypic Approach to Osteoarthritis: A Look at Metabolic Syndrome-Associated Osteoarthritis[END_REF]. The metabolic OA phenotype emerged from the observation that OA was associated with obesity as well as with other metabolic diseases, such as type 2 diabetes, insulin resistance, dyslipidemia or hypertension, together or separately [START_REF] Louati | Association between diabetes mellitus and osteoarthritis: systematic literature review and meta-analysis[END_REF][START_REF] Baudart | Association between osteoarthritis and dyslipidaemia: a systematic literature review and meta-analysis[END_REF][START_REF] Tomi | Increased prevalence and severity of radiographic hand osteoarthritis in patients with HIV-1 infection associated with metabolic syndrome: data from the cross-sectional METAFIB-OA study[END_REF][START_REF] Visser | The relative contribution of mechanical stress and systemic processes in different types of osteoarthritis: the NEO study[END_REF][START_REF] Yoshimura | Accumulation of metabolic risk factors such as overweight, hypertension, dyslipidaemia, and impaired glucose tolerance raises the risk of occurrence and progression of knee osteoarthritis: a 3-year follow-up of the ROAD study[END_REF]. All these diseases could be combined with abdominal obesity in the so-called metabolic syndrome. Therefore the concept has evolved from obesity-related OA to metabolic syndrome-related OA (i.e., metabolic OA) in the phenotypic approach of OA [START_REF] Courties | The Phenotypic Approach to Osteoarthritis: A Look at Metabolic Syndrome-Associated Osteoarthritis[END_REF]. However, there is still a controversy regarding the association between knee/hip OA risk and metabolic syndrome, since the strong impact of overload induced by obesity on the risk of OA at lower limb joints can mask the association between OA and other metabolic disturbances [START_REF] Li | What Is the Evidence to Support the Association Between Metabolic Syndrome and Osteoarthritis? A Systematic Review[END_REF][START_REF] Niu | Metabolic Syndrome, Its Components, and Knee Osteoarthritis: The Framingham Osteoarthritis Study[END_REF].

Beside this controversy, the metabolic OA phenotype has emphasized the systemic role of adipose tissue distribution and of adipokines in OA pathophysiology (i.e., cartilage matrix degradation and joint inflammation) [START_REF] Francisco | Adipokines: Linking metabolic syndrome, the immune system, and arthritic diseases[END_REF][START_REF] Laiguillon | Expression and function of visfatin (Nampt), an adipokine-enzyme involved in inflammatory pathways of osteoarthritis[END_REF]. Both are closely related since preferential truncal fat accumulation is translated biologically by an imbalance of adipokines (i.e., serum increase of leptin and decrease of adiponectin) which is itself associated with insulin resistance and with cardiovascular events [START_REF] Laiguillon | Expression and function of visfatin (Nampt), an adipokine-enzyme involved in inflammatory pathways of osteoarthritis[END_REF][START_REF] Junker | Expression of adipokines in osteoarthritis osteophytes and their effect on osteoblasts[END_REF][START_REF] Dumond | Evidence for a key role of leptin in osteoarthritis[END_REF].

The leptin/adiponectin ratio (LAR), which reflects this imbalance between these 2 major adipokines, has been proposed as a marker of this adipose tissue dysfunction and is considered as a reliable estimator of obesity-and metabolic syndrome-associated cardiometabolic risk [START_REF] Frühbeck | Adiponectin-leptin Ratio is a Functional Biomarker of Adipose Tissue Inflammation[END_REF][START_REF] Frühbeck | Adiponectin-leptin ratio: A promising index to estimate adipose tissue dysfunction. Relation with obesity-associated cardiometabolic risk[END_REF][START_REF] Finucane | Correlation of the leptin:adiponectin ratio with measures of insulin resistance in non-diabetic individuals[END_REF][START_REF] Chou | Leptin-to-Adiponectin Ratio is Related to Low Grade Inflammation and Insulin Resistance Independent of Obesity in Non-Diabetic Taiwanese: A Cross-Sectional Cohort Study[END_REF]. LAR may also reflect insulin resistance probably better than adiponectin or leptin alone [START_REF] Frühbeck | Adiponectin-leptin Ratio is a Functional Biomarker of Adipose Tissue Inflammation[END_REF][START_REF] Frühbeck | Adiponectin-leptin ratio: A promising index to estimate adipose tissue dysfunction. Relation with obesity-associated cardiometabolic risk[END_REF] and is also well linked to the Homeostasis Model Assessment-estimated Insulin Resistance (HOMA-IR) index and to the gold standard measure of insulin resistance, the euglycemic hyperinsulinemic clamp [START_REF] Finucane | Correlation of the leptin:adiponectin ratio with measures of insulin resistance in non-diabetic individuals[END_REF][START_REF] Chou | Leptin-to-Adiponectin Ratio is Related to Low Grade Inflammation and Insulin Resistance Independent of Obesity in Non-Diabetic Taiwanese: A Cross-Sectional Cohort Study[END_REF].

Recently, a new hypothesis has emerged supporting that metabolic disturbances may act not only OA joint tissue alterations risk but may also correlated with OA symptoms such as pain [START_REF] Valdes | Metabolic syndrome and osteoarthritis pain: common molecular mechanisms and potential therapeutic implications[END_REF]. In the Tasmanian Older Adult Cohort Study, fat mass was associated with non-weight-bearing knee pain [START_REF] Jin | Longitudinal associations between adiposity and change in knee pain: Tasmanian older adult cohort study[END_REF] and metabolic syndrome and its components were predominantly associated with worse pain trajectories through central obesity [START_REF] Pan | Metabolic syndrome and trajectory of knee pain in older adults[END_REF]. In the MOST cohort, Li et al. have shown that the amount of visceral fat is associated with an increased risk of musculoskeletal and widespread pain in patients with or at risk of knee OA [START_REF] Li | Visceral adiposity is associated with pain, but not structural osteoarthritis[END_REF]. These data suggest that central adiposity and its related molecular products, namely adipokines, could be involved in OA-related pain. To date, biological studies supporting this hypothesis remain scarce. Correlation between joint pain intensity and adipokines levels in the synovial fluid has been found in some of them [START_REF] Orellana | Synovial Adiponectin Was More Associated with Clinical Severity than Synovial Leptin in Women with Knee Osteoarthritis[END_REF][START_REF] Gandhi | The synovial fluid adiponectin-leptin ratio predicts pain with knee osteoarthritis[END_REF][START_REF] Bas | Adipokines correlate with pain in lower limb osteoarthritis: different associations in hip and knee[END_REF][START_REF] Lübbeke | Do synovial leptin levels correlate with pain in end stage arthritis?[END_REF][START_REF] Perruccio | Plasma adipokine levels and their association with overall burden of painful joints among individuals with hip and knee osteoarthritis[END_REF], but adipokine levels in the serum were rarely assessed.

Furthermore, synovial fluid is of limited access except during OA flare, and can only explore correlations with symptoms of the sampled joint. Moreover, no study has explored a potential relationship between adipokine levels and functional limitation due to OA, which is another complaint of patients.

Experience of OA pain is different between men and women and level of pain is markedly higher in women for several reasons including genetic, hormonal, psychological factors, physical activity habits as well as systemic differences in pain pathways [START_REF] Ruau | Sex differences in reported pain across 11,000 patients captured in electronic medical records[END_REF]. However, while adipokines expression and metabolic features differ between men and women, sex-stratified analyses were not presented in previous publications on this topic. Thus, we aimed to investigate whether adipose tissue-related and metabolic biomarkers such as LAR reflecting adipose tissue dysfunction may be correlated with OA-related pain (main objective) and functional limitation (secondary objective) in a large cohort of knee and/or hip OA patients and to address whether such an association is sex-specific.

Method

Patients. The patients studied were enrolled in the KHOALA cohort (Knee and Hip Osteo-Arthritis Long-term Assessment) which has been described in detail elsewhere [START_REF] Guillemin | The KHOALA cohort of knee and hip osteoarthritis in France[END_REF]. Briefly, it is a multiregional population-based cohort of 878 patients with symptomatic lower limb OA.

Patients were included from April 2007 to March 2009 and the inclusion criteria were: age from 40 to 75 years; symptomatic OA of at least one hip or knee according to the American College of Rheumatology criteria [START_REF] Altman | Development of criteria for the classification and reporting of osteoarthritis. Classification of osteoarthritis of the knee. Diagnostic and Therapeutic Criteria Committee of the American Rheumatism Association[END_REF] and with a Kellgren-Lawrence (KL) score ≥ 2 [START_REF] Kellgren | Radiological assessment of osteo-arthrosis[END_REF]. The exclusion criteria were: joint replacement for the targeted joint; previous osteotomy for the targeted joint; severe comorbidity, that was threatening life or had a major impact on quality of life or health care consumption; history of rheumatic diseases other than OA; isolated patella-femoral OA.

All subjects gave their written informed consent to be in the cohort before inclusion. Approval for this cohort was obtained from the regional ethics board (Comité de protection des personnes "Est 3"), and it has been registered at www.clinicaltrials.gov under the number NCT00481338.

Collected clinical data

Data collect at baseline included socio-demographic and clinical data on hips and knees: age, sex, body mass index (BMI), diabetes mellitus diagnosis and clinical assessments of pain and function. Western Ontario and McMaster Universities Arthritis Index (WOMAC) subscores, VAS pain, OAKHQOL pain dimension, radiographic severity. Visual analogic scale (VAS) of the most symptomatic joint, was recorded (0-100 mm, 0 being absence of pain and 100 maximum pain intensity). Patient reported outcome measures included the Western Ontario and McMaster Universities Arthritis Index (WOMAC) [START_REF] Bellamy | Validation study of WOMAC: a health status instrument for measuring clinically important patient relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis of the hip or knee[END_REF] and Osteoarthritis Knee and Hip Quality of Life (OAKHQOL) questionnaire for quality of life, specific for hip or knee OA and which includes a pain dimension including 4 items [START_REF] Rat | OAKHQOL: a new instrument to measure quality of life in knee and hip osteoarthritis[END_REF]. WOMAC subscores values were normalized on 100. For OAKHQOL, each item is measured on a numerical rating scale from 0 to 10, and the mean item score multiplied by 10 becomes the corresponding dimension score. For WOMAC and VAS, higher scores reflected more symptoms, while it is the opposite for OAKHQOL.

Outcomes criteria of this study were VAS pain, WOMAC pain, OAKHQOL pain dimension and WOMAC function subscales.

Radiographical data at inclusion

All standard X-rays were obtained by routine analogic or digital technology and have been read by 2 readers blinded to the clinical condition and the questionnaire results. Both readers were trained on a pilot study sample [START_REF] Guillemin | The KHOALA cohort of knee and hip osteoarthritis in France[END_REF]. All hip and knee tibio-femoral joints were staged using the Kellgren-Lawrence scale based on the degree of osteophyte formation, joint space narrowing, sclerosis and joint deformity. We defined radiographical hip or knee OA as a KL stage of 2 or higher. For each patient, the KL score of the most symptomatic joint is considered.

Serum biomarkers measurements

At inclusion, on the day of clinical assessment, a blood sample was withdrawn for serum samples storage at -80°C in a single biological resource centre. Enzyme-linked immunosorbent assay (ELISA) kits were used for testing of serum levels of total adiponectin (ALPCO, Salem, NH, USA) and leptin (Quantikine; R&D Systems, Oxford, UK) for LAR calculation. Serum levels of visfatin (also called Nicotinamide phosphoribosyltransferase (Nampt)) (Phoenix Pharmaceuticals, Burlingame, CA, USA) and of high-molecular weight (HMW) adiponectin (ALPCO, Salem, NH, USA) were also assessed considering their role in OA and in inflammation [START_REF] Laiguillon | Expression and function of visfatin (Nampt), an adipokine-enzyme involved in inflammatory pathways of osteoarthritis[END_REF][START_REF] Junker | Expression of adipokines in osteoarthritis osteophytes and their effect on osteoblasts[END_REF].

Apolipoprotein A1 (apoA1) and apoB100, the major protein components of circulating lipoproteins HDL and LDL, associated with a decreased and an increased cardiovascular disease risk respectively, and which could be involved in OA pathophysiology, were measured in the serum by immunoturbidimetry on an ARCHITECT®-Ci8200 analyzer (Abbott Rungis, France) [START_REF] De Seny | Apolipoprotein-A1 as a damage-associated molecular patterns protein in osteoarthritis: ex vivo and in vitro pro-inflammatory properties[END_REF][START_REF] Triantaphyllidou | Perturbations in the HDL metabolic pathway predispose to the development of osteoarthritis in mice following long-term exposure to western-type diet[END_REF]. Serum CRP level was also quantified using an ultra-sensitive assay (Beckman Coulter, Villepinte, France) (usCRP).

Intra-coefficient of variation (CV) and inter-CV were less than 1.91, 1.80, 3.80, 15.00, 5.00, 5.00 and 5.70% for ApoA1, ApoB, usCRP, visfatin, leptin, total adiponectin and HMWadiponectin assays, respectively.

All samples were collected in the morning but not systematically in a fasted state. However the measured biomarkers (i.e., CRP, apolipoproteins, adiponectin and leptin) are marginally changed by the fasted or unfasted state [START_REF] Finucane | Correlation of the leptin:adiponectin ratio with measures of insulin resistance in non-diabetic individuals[END_REF][START_REF] Langsted | Nonfasting versus fasting lipid profile for cardiovascular risk prediction[END_REF]. All samples were prepared at appropriate dilutions and all assays were performed according to the manufacturer's instructions with internal control samples.

Statistical analysis

Continuous variables are described as mean ± standard deviation (SD) and categorical variables as absolute values and percentages. The distributions of all variables were examined. Serum levels of adipokines being not normally distributed, they were logtransformed to remove positive skewness.

Sex-stratified analyses were performed since we observed an interaction between sex and some of the biomarkers such as usCRP (data not shown).

Correlations between BMI and each investigated biomarker was done using Pearson correlation test. Along this line, BMI being highly related to adipose tissue dysfunction, BMI was not included in the multivariable analysis to avoid colinearity and to specifically study serum metabolic biomarkers and pain. Data analysis used multivariable linear regression models for each outcome criteria (pain assessed using VAS pain, WOMAC pain and OAKHQOL pain subscores and WOMAC function subscore).

These explanatory variables included age, radiographic data (i.e. Kellgren Lawrence stage of the most symptomatic joint) and biomarkers (i.e., LAR, HMW adiponectin, visfatin, apoA1, apoB100 and usCRP). Candidate variables were variables with a p-value<0.20 in bivariate analyses: analysis of variance with one factor if variance equality, Kruskal-Wallis test otherwise for qualitative variables, test from a simple linear regression for quantitative variables. A multivariable analysis using a stepwise selection to keep the most relevant variables in the model (at the alpha=0.05 threshold) was then performed to determine those independently associated with outcomes criteria. Systematic adjustment on age was done in all multivariable models. Results of the multivariable analyses are given in regression coefficient () and 95% confidence interval.

Multiple corrections were not performed since was analyzes were planned before the measurement of biomarkers and because univariate analyses served only to elaborate multivariable models.

We have also checked that the multivariable models met the assumptions of the linear regression models used considering the conditions of application and the quality of fit of the model.

All statistical tests were two-sided with a statistical significance defined as p < 0.05. SAS v9.3 (SAS Inst., Cary, NC) was used for analysis.

Results

Description of the population

KHOALA cohort has included 878 patients with knee and/or hip OA [START_REF] Guillemin | The KHOALA cohort of knee and hip osteoarthritis in France[END_REF]. We analyzed 863 of them due to the availability of serum samples for this study. Among them, 645 had knee and 267 hip OA, of whom 451 and 177 women respectively. Description of the population is presented in Table 1 stratified by OA localization (hip/knee) and by sex. Pain assessments (VAS pain, OAKHQOL pain and WOMAC pain) and WOMAC function subscale as well as biomarkers in each group are reported in Table 1. 

Correlation between BMI and biomarkers

Since adipokines are systemic molecular products from adipose tissue, we looked for a correlation between BMI and all the investigated biomarkers (Table 2). We found that most of the metabolic biomarkers and BMI are positively correlated, except total and HMW adiponectin levels that are negatively correlated with BMI increase, as expected. usCRP level was also positively correlated with BMI. Likewise, to explore the systemic part of adipose tissue associated with OA pain avoiding collinearity, BMI was not included in the multivariable analyses. Abbreviation: HMW: high molecular weight

Clinical and biological variables associated with pain in women

The results of bivariate and multivariable analyses in the women population are presented in table 3.

In women with knee and/or hip OA, multivariable analyses indicated that higher pain intensity was associated with higher usCRP level (i.e., positive correlation for VAS and negative correlation for OAKHQOL pain).

As well, higher pain intensity was associated with higher LAR in multivariable analyses (VAS pain:  = 0.49 [0.24;0.73] ; p = 0.0001; OAKHQOL pain:  = -0.46 [-0.69;-0.22] p = 0.0002;

WOMAC pain  = 0.3 [0.12;0.49] ; p = 0.002) (Table 2). Analyzing knee OA and hip OA populations separately, these correlations were found for both joints in multivariable analyses Among clinical parameters, more radiographic severity (i.e., Kellgren-Lawrence stage) were also associated with higher pain level (i.e., lower OAKHQOL pain and higher WOMAC pain), while we found no association between age and pain (Table 3).

Serum Visfatin/Nampt, HMW adiponectin, Apo A1 and Apo B100 levels were not related to pain level, whatever the score used. 

Factors associated with pain in men

In men, none of the investigated biomarkers was correlated with VAS pain, OAKHQOL pain or WOMAC pain in multivariable analysis (Table 4). The severity of the radiographic stage according to KL score was associated with VAS pain. 

Discussion

Using the large KHOALA cohort of knee and/or hip OA patients, we have found, in a crosssectional analysis that LAR, a marker of adipose tissue dysfunction correlated with pain intensity in women with knee and/or hip OA, but not in men. This correlation was independent of radiographic severity and of serum usCRP level, a marker of metainflammation, both also associated with pain intensity.

Pain in OA is a complex multifactorial process involving a nociceptive signal due to joint tissue lesions secondary to excessive mechanical stress as well as a systemic component [START_REF] Perry | Association between Bone marrow lesions & synovitis and symptoms in symptomatic knee osteoarthritis[END_REF][START_REF] Trouvin | Pain in osteoarthritis. Implications for optimal management[END_REF][START_REF] O'neill | Mechanisms of Osteoarthritis (OA) Pain[END_REF]. This systemic component is multifactorial and involves pain sensitization including neuropathic and/or central pain mechanisms.

Adiposity, beyond its role in OA disease risk, could be another systemic actor of the OA pain process. Here, we observed in women a correlation between several pain assessments and LAR which is a marker of adipose tissue dysfunction mainly related to visceral fat [START_REF] Christen | Sex differences in body fat distribution are related to sex differences in leptin and adiponectin[END_REF]. In patients with or at high risk of knee OA from the Multicenter Osteoarthritis Study cohort, the amount of visceral but not of subcutaneous fat was associated with pain level [START_REF] Li | Visceral adiposity is associated with pain, but not structural osteoarthritis[END_REF]. Here, using a biomarker strategy, we found concordant results about the driving role of adipose tissue dysfunction, of which LAR is an estimate, in OA pain in women. In case of elevated weight, such systemic metabolic disturbances might be combined with excessive mechanical stress to participate in OA pain process in women. However, this study does not validate the additional usefulness of LAR over BMI in clinical practice. We evaluated the level of inflammation by the level of usCRP and observed that this level was less than 10mg/L in favor of low-grade systemic inflammation, or meta-inflammation, and not of a high level of inflammation as in rheumatoid arthritis. A correlation between meta-inflammation, evaluated by usCRP, and OA-related pain has been previously reported [START_REF] Stannus | Associations between serum levels of inflammatory and change in knee pain over 5 years in older adults: a prospective cohort study[END_REF][START_REF] Jin | Circulating C reactive protein in osteoarthritis: a systematic review and meta-analysis[END_REF]. Moreover, Runhaar et al. have shown that in a diet and exercise intervention, the change in inflammatory factors accounted for 15% of the total effect on pain, independently of the change in BMI [START_REF] Runhaar | Inflammatory cytokines mediate the effects of diet and exercise on pain and function in knee osteoarthritis independent of BMI[END_REF]. Here, correlations between usCRP and pain assessment suggest that systemic meta-inflammation is involved in the pain process, independently of radiographic severity.

Previous works have found correlation between symptoms and adipokines levels, but mainly evaluated in the synovial fluid, with no clear-cut results and using smaller populations (n=60 to 219) than our (n=863) [START_REF] Orellana | Synovial Adiponectin Was More Associated with Clinical Severity than Synovial Leptin in Women with Knee Osteoarthritis[END_REF][START_REF] Gandhi | The synovial fluid adiponectin-leptin ratio predicts pain with knee osteoarthritis[END_REF][START_REF] Bas | Adipokines correlate with pain in lower limb osteoarthritis: different associations in hip and knee[END_REF][START_REF] Lübbeke | Do synovial leptin levels correlate with pain in end stage arthritis?[END_REF][START_REF] Perruccio | Plasma adipokine levels and their association with overall burden of painful joints among individuals with hip and knee osteoarthritis[END_REF]. In 219 patients undergoing knee or hip joint replacement, synovial fluid but not serum leptin level positively correlated with pain (WOMAC pain and VAS) [START_REF] Lübbeke | Do synovial leptin levels correlate with pain in end stage arthritis?[END_REF]. The same authors reported in 206 patients undergoing knee or hip joint replacement that the OA localization (i.e., hip or knee) could influence a correlation between synovial adipokines level and pain [START_REF] Bas | Adipokines correlate with pain in lower limb osteoarthritis: different associations in hip and knee[END_REF]. Ghandi et al. reported in 60 patients with knee OA, that synovial adiponectin:leptin ratio (i.e., inverse of LAR) decreased with increase of pain intensity assessed using Short Form McGill Pain Questionnaire but not when using WOMAC pain [START_REF] Gandhi | The synovial fluid adiponectin-leptin ratio predicts pain with knee osteoarthritis[END_REF]. Beside synovial fluid, adipokines levels in the serum and OA-related pain have been also investigated without finding any significant result [START_REF] Lübbeke | Do synovial leptin levels correlate with pain in end stage arthritis?[END_REF] or results difficult to interpret: in 45 women and 33 men, higher leptin and higher adiponectin increased with number of painful OA joint, while in men, only serum resistin level was significantly associated with regional symptomatic joint count [START_REF] Perruccio | Plasma adipokine levels and their association with overall burden of painful joints among individuals with hip and knee osteoarthritis[END_REF]. Furthermore, since adipokines are also involved in joint tissue alteration reflected by imaging results, adjustment on radiographic severity is critical to identify a direct link between adipokines measurements and OA pain, but none of these studies performed such an adjustment, which is a critical issue.

Here, after adjustment on radiographic severity assessed using Kellgren Lawrence stage, we found an association between LAR and pain, supporting a direct role of adipose tissue dysfunction on pain, whatever the structural severity of OA. Moreover, the majority of the previous studies investigating adipokines in the synovial fluid focused on one target joint while, in our study, clinical assessment used questionnaires assessing OA symptoms of all lower limb joints (eg WOMAC).

Truncal fat accumulation has been previously proposed as a systemic inflammatory factor of pain in several studies [START_REF] Jin | Longitudinal associations between adiposity and change in knee pain: Tasmanian older adult cohort study[END_REF][START_REF] Li | Visceral adiposity is associated with pain, but not structural osteoarthritis[END_REF]. Here, we have found that correlation between hip and/or knee OA pain and LAR or usCRP involved women, but not men. Our study thus supports that beyond the amount of central fat that may differ between women and men, adipose tissue dysfunction, of which LAR is a witness, and meta-inflammation are 2 systemic factors involved in sex difference in the OA pain experience. Accordingly, the mediation role of leptin in the relationship between adiposity and OA has been found in women, but not in men [START_REF] Kroon | The role of leptin and adiponectin as mediators in the relationship between adiposity and hand and knee osteoarthritis[END_REF].

Since LAR is a witness of adipose tissue dysfunction mainly related to visceral fat, we propose that, in our group of post-menopausal women, visceral fat functional disturbances occur more in women than in men in OA pain process [START_REF] Piché | Obesity Phenotypes, Diabetes, and Cardiovascular Diseases[END_REF]. The absence of correlation between LAR and pain is possibly due to less functional disturbances of visceral fat in men than in women.

We evaluated whether two apolipoproteins ApoA1 and ApoB100, respectively associated with HDL and LDL lipoparticles, were associated with pain in OA patients but observed none association. As well, while the adipokine visfatin/Nampt is expressed in osteoarthritic joints and is involved in joint inflammation and cartilage degradation, we did not find any association between visfatin/Nampt serum levels and OA symptoms [START_REF] Francisco | Adipokines: Linking metabolic syndrome, the immune system, and arthritic diseases[END_REF][START_REF] Laiguillon | Expression and function of visfatin (Nampt), an adipokine-enzyme involved in inflammatory pathways of osteoarthritis[END_REF][START_REF] Junker | Expression of adipokines in osteoarthritis osteophytes and their effect on osteoblasts[END_REF].

This study has several limitations. First, pain is a complex process involving not only nociceptive pain but also neuropathic pain and pain sensitization that are assessed using pressure pain threshold or DN-4 questionnaire [START_REF] Trouvin | Pain in osteoarthritis. Implications for optimal management[END_REF]. Despite the absence of these assessments, pain was deeply assessed in a large sample of patients by WOMAC, VAS and OAKHQOL which are 3 relevant questionnaires on pain. These 3 questionnaires capture different aspects of pain experience since they are not identical: VAS for pain is a single question about pain intensity of the most symptomatic joint, WOMAC pain is a composite pain questionnaire assessing pain of the lower limb OA joints in several situations (walking, climbing stairs sleeping at night, resting, standing) and OAKHQOL assesses intensity and frequency of pain during OA. Since these scales measure different aspects of OA-related pain experience, LAR probably recapitulates all these aspects. Second, this is a crosssectional study and a longitudinal analysis searching for a link between LAR and pain trajectory would be useful [START_REF] Wieczorek | What have we learned from trajectory analysis of clinical outcomes in knee and hip osteoarthritis before surgery?[END_REF]. However, our strength is that blood samples for biomarkers quantification and pain assessments have been performed on the same day, allowing to search for correlation between them, despite the wide fluctuation of OA pain through the time. Finally, this study does not explore all the factors influencing OA-related pain. Here, we have explored the systemic metabolic component but psychological, genetic, hormonal, sociocultural factors as well as pain pathways and physical activity all may modulate pain experience differentially between sexes [START_REF] Mogil | Sex differences in pain and pain inhibition: multiple explanations of a controversial phenomenon[END_REF].

In conclusion, in the KHOALA cohort, LAR and usCRP level were correlated with pain intensity in women, but not in men, with lower limb OA, independently of and in addition to radiographic OA structural severity. Such exploratory results, which need to be replicated in other cohorts, emphasize the role of adipose tissue dysfunction and of meta-inflammation in OA-related pain experience, especially in female population.
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(

  knee OA: VAS pain = 0.55 [0.28;0.81] p < 0.0001; OAKHQOL pain: = -0.5 [-0.75;-0.24] p = 0.0002; WOMAC pain = 0.3 [0.1;0.5] p = 0.004; hip OA: VAS pain = 0.64 [0.07;1.2] p = 0.03; OAKHQOL pain: = -0.55 [-1.07;-0.02] p = 0.04).

Table 1 . Baseline characteristics of the KHOALA cohort in the whole population and stratified by OA localization and sex

 1 

		Knee and/or Hip OA		Hip OA			Knee OA		
		Total	Women	Men	Total	Women	Men	Total	Women	Men
		N=863	N=596	N=267	N=267	N=177	N=90	N=645	N=451	N=194
	Age	62 ±13	63.0	61 ±13.0	630 ±13.0	64.0 ±11.0	61.5 ±26.5	62.0 ±12.0	63.0 ±12.0 61.0±13.0
			±12.0							
	BMI	28.3 ±7.5	28.8 ±8.3	27.6 ±5.8	26.5 ±5.5	26.6 ±5.8	26.5±4.7	29.3 ±7.9	29.7 ±9.4	28.1 ±6.1
	Diabetes mellitus N	87 (10.1)	52 (8.7)	35 (13.1)	24 (9)	13 (7.3)	11 (12.2)	67(10.4)	41 (9.1)	26 (13.
	(%)									

Table 2 . correlation between body mass index (BMI) and investigated biomarkers in women and men separately.

 2 Pearson correlation test was used. Results are presented using Pearson correlation coefficient and p-value.

	WOMEN								
			HMW						
		Adiponectin	adiponectin	Leptin		Visfatin		ApoB100	usCRP
		mg/L	mg/L	g/L	LAR	g/L	ApoA1 g/L	g/L	mg/L
	Pearson								
	correlation	-0.23	-0.26	0.68	0.59	0.01	-0.27	-0.003	0.30
	coefficient								
	p-value	<0.0001	<0.0001	<0.0001	<.0001	0.78	<0.0001	0.95	<.0001
	MEN								
			HMW						
		Adiponectin	adiponectin	Leptin		Visfatin		ApoB10	usCRP
		mg/L	mg/L	g/L	LAR	g/L	ApoA1 g/L	g/L	mg/L
	Pearson								
	correlation								
	()	-0.08	-0.07	0.57	0.53	0.08	-0.21	0.06	0.002
	p-value	0.18	0.25	<.0001	<.0001	0.21	0.0006	0.35	0.97

Table 3 . Bivariate and multivariable analyses for correlation between clinical variables or biomarkers and pain assessment in the OA women population from the KHOALA cohort.

 3 Univariate analyses are presented as correlation coefficient r and p-value. Multivariable analyses are presented as β regression coefficient and p-value. Variables correlated with the outcome in univariate analysis with a p-value<0.20 were entered into a stepwise regression multivariable model. Age was systematically kept in the multivariable models.

	WOMEN	Pain OAKHQOL			VAS pain				WOMAC pain		
		Bivariate analysis	Multivariable analysis		bivariate analysis	Multivariable analysis		Bivariate analysis	Multivariable analysis	
		r*	p		p	r*	p		p	r*	p		p
	Age	-0,84	0.5	-0.88 (-3.28 ;1.52)	0.47	1.32	0.32	1.21 (-1.31-3.74)	0.35	1.88	0.060	1.72 (-0.20;3.64)	0.08
	KL stage		0.001		0.002		<0.0001		<.0001		<0.0001		<0.0001
	Stade II	60.4		8.75(3.35;14.2)		35.7		-12.8 (-18.4;-7.06)		32.7		-10.9 (-15.2;-6.6)	
	Stade III	55.1		4.55 (-1.4;10.5)		40		-9.6		36.0		-8.2 (-12.9;-3.4)	
	Stade IV (ref)	50.8		0		49.6		0		44.1		0	
	usCRP level	-0.43	0.0004	-0.3 (-0.55;-0.06)	0.01	0.4	0.0005	0.27 (0.04 ;0.5)	0.02	0.26	0.004		
	HMW adiponectin level	1.13	0.003			-1.08	0.007			-0.65	0.03		
	LAR	-0.52	<0.0001	-0.46 (-0.69;-0.22)	0.0002	0.54	<0.0001	0.49 (0.24-0.73)	0.0001	0.3	0.002	0.30 (0.12;0.49)	0.001
	Visfatin level	0.29	0.55			-0.33	0.52			0.001	0.99		
	ApoA1	3.,9	0.23			-0.38	0.91			-3.8	0,19		
	ApoB100	3.24	0.39			-2.73	0.49			-1.26	0.67		

Abbreviations: BMI: body mass index; KL: Kellgren-Lawrence; usCRP: ultra-sensitive Creactive protein, HMW: high molecular weight; LAR: leptin to adiponectin ratio, WOMAC: Western Ontario and McMaster Universities Arthritis Index; OAKHQOL: Osteoarthritis Knee and Hip Quality of Life; apoA1: apolipoprotein A1; apoB100: apolipoprotein B100: ref: reference * except for radiographic severity presented as means of WOMAC function for each KL radiographic stage

Table 4 . Bivariate and multivariable analyses for correlation between clinical variables or biomarkers and pain assessment in the OA men population from the KHOALA cohort.

 4 Univariate analyses are presented as correlation coefficient r and p-value. Multivariable analyses are Results are presented as β regression coefficient and p-value.Variables correlated with the outcome in univariate analysis with a p-value<0.20 were entered into a stepwise regression multivariable model. Age was systematically kept in the multivariable models.

	MEN	Pain OAKHQOL [0-100]			VAS pain[0-100]			WOMAC pain [0-100]		
		Bivariate analysis	Multivariable analysis	bivariate analysis	Multivariable analysis		Bivariate analysis	Multivariable analysis	
		r*	p		p	r*	p		p	r*	p		p
	Age	0.45	0.76	0.45 (-2.5 ;3.4)	0.76	1.78	0.28	1.27 (-1.95 ;4.5)	0.44	2.22	0.05	2.22 (-0.0006-4.4)	0.05
	Radiographic severity		0.6				0.01		0.01		0.31		
	Stade II	70.1				26.7		-10.7 (-17.7 ;-6.67)		24.6			
	Stade III	67.4				30.8		-6.8		27.0			
	Stade IV	67.4				37.7		(-14.2 ;0.63)		28.2			
	usCRP	-0.06	0.64			0.11	0.47			-0.08	0.41		
	HMW adiponectin	0.04	0.95			-0.42	0.59			-0.31	0.55		
	LAR	-0.44	0.18			0.08	0.83			0.41	0,10		
	Visfatin	0.26	0.28			-0.21	0.41			-0.01	0.94		
	ApoA1	3.21	0.47			1.26	0.80			-4.23	0.23		
	ApoB100	0.66	0.89			5.92	0.26			2.69	0.46		
	Abbreviations: BMI: body mass index; KL: Kellgren-Lawrence; usCRP: ultra-sensitive C-
	reactive protein, HMW: high molecular weight; LAR: leptin to adiponectin ratio, WOMAC:
	Western Ontario and McMaster Universities Arthritis Index; OAKHQOL: Osteoarthritis Knee
	and Hip Quality of Life; apoA1: apolipoprotein A1; apoB100: apolipoprotein B100: ref:
	reference												
	* except for radiographic severity presented as means of WOMAC function for each KL
	radiographic stage											

table 5 .

 5 In both sex, older age was associated with a poorer function (i.e. higher WOMAC subscore).

	In women, multivariable analysis indicated that WOMAC function was associated with LAR (
	= 0.42 [0.23;0.61] p<0.0001). In men, lower serum level of apoA1 (i.e., cardiovascular
	protective apolipoprotein) was associated higher WOMAC function ( = -8.6 [-15.4;1.8]
	p=0.01).

Table 5 . Bivariate and multivariable analyses for correlation with WOMAC function stratified by sex.

 5 Univariate analyses are presented as correlation coefficient r and p-value. Multivariable analyses are Results are presented as β regression coefficient and p-value.Variables correlated with the outcome in univariate analysis with a p-value<0.20 were entered into a stepwise regression multivariable model. Age was systematically kept in the multivariable models.

	WOMAC	Women				Men			
	Function	bivariate analysis Multivariable analysis	bivariate analysis Multivariable analysis
		r	p		p	r	p		p
	Age	3.27	0.001	3.3 (1.35;5.24)	0.0009	4.0	0.0005	4.03 (1.8;6.2)	0.0004
	Radiographic severity		<0.0001		<0.0001		0.06		
	Stade II	30.8		-9.9 (-14.2;-5.5)		20.5			
	Stade III	34.3		-7.2 (-12;-2.4)		25.9			
	Stade IV (ref)	41.5		0		24.3			
	usCRP	0.28	0.002			-0.06	0.52		
	HMW adiponectin	-0.73	0.02			-0.4	0.45		
	LAR	0.4	<0.0001	0.42 (0.23;0.61) <0.0001 0.45	0.08		
	Visfatin	-0.28	0.48			-0.04	0.82		
	ApoA1	-3.35	0.20			-8.4	0.02	-8.6 (-15.4;-1.8) 0.01
	ApoB100	1.76	0.57			-2.02	0.58		
	Abbreviations: BMI: body mass index; KL: Kellgren-Lawrence; usCRP: ultra-sensitive C-
	reactive protein, HMW: high molecular weight; LAR: leptin to adiponectin ratio, WOMAC:
	Western Ontario and McMaster Universities Arthritis Index; OAKHQOL: Osteoarthritis Knee
	and Hip Quality of Life; apoA1: apolipoprotein A1; apoB100: apolipoprotein B100: ref:
	reference								
	* except for radiographic severity presented as means of WOMAC function for each KL
	radiographic stage							
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