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Introduction

In the last decades, obesity has reached pandemic proportions worldwide [START_REF] Arroyo-Johnson | Obesity epidemiology trends by race/ethnicity, gender, and education[END_REF][START_REF] Bhupathiraju | Epidemiology of obesity and diabetes and their cardiovascular complications[END_REF]. Based on recent estimates, the prevalence of obesity has nearly tripled since 1975 (World Health Organization, 2017) and up to 30% of the European population is now considered as being obese [START_REF] Abdelaal | Morbidity and mortality associated with obesity[END_REF].

Accordingly, the pandemic of obesity represents a major public health burden, notably due to its substantial impact on morbidity, mortality, and healthcare cost [START_REF] Bray | Obesity: a chronic relapsing progressive disease process. A position statement of the World Obesity Federation[END_REF][START_REF] Spieker | Economic Impact of Obesity[END_REF]. Among the morbidities that are frequently associated with obesity, neuropsychiatric alterations, including depression, are of specific concern as they strongly contribute to social and occupational impairment, compromise treatment adherence and weight-management strategies, and heighten the risk of subsequent medical complications [START_REF] Abdelaal | Morbidity and mortality associated with obesity[END_REF].

Obese individuals are frequently afflicted with mood alterations and present an increased risk of depression during lifetime [START_REF] Castanon | Neuropsychiatric comorbidity in obesity: Role of inflammatory processes[END_REF][START_REF] Dawes | Mental Health Conditions Among Patients Seeking and Undergoing Bariatric Surgery: A Meta-analysis[END_REF][START_REF] De Wit | Depression and obesity: A meta-analysis of community-based studies[END_REF]. Similarly, cognitive disturbances, including alterations in memory, executive function and flexibility, have been documented in multiple cross-sectional and longitudinal studies of obese subjects [START_REF] Dahl | Body mass index across midlife and cognitive change in late life[END_REF][START_REF] Lokken | Cognitive performance of morbidly obese patients seeking bariatric surgery[END_REF]. While the directionality of the relationship between obesity and neuropsychiatric symptoms is hard to determine, clinical and preclinical findings comfort the hypothesis that obesity, notably through its inflammatory component, contributes to the pathophysiology of neuropsychiatric symptoms [START_REF] Capuron | Role of Adiposity-Driven Inflammation in Depressive Morbidity[END_REF]. Obesity is considered as being both a metabolic disorder and an inflammatory condition, which is associated with a chronic low-grade inflammatory state and an enhanced susceptibility to immune-mediated diseases [START_REF] Castanon | Neuropsychiatric comorbidity in obesity: Role of inflammatory processes[END_REF][START_REF] Kanneganti | Immunological complications of obesity[END_REF]. Several mechanisms are believed to contribute to the generation and maintenance of systemic low-grade inflammation in obesity, including the infiltration of immune cells in the adipose tissue, the adipose secretion of inflammatory factors, and alterations in the gut microbiota and gut permeability [START_REF] Gregor | Inflammatory mechanisms in obesity[END_REF][START_REF] Kanneganti | Immunological complications of obesity[END_REF]. The chronic activation of inflammatory processes in obesity may easily contribute to the development of obesity-related neuropsychiatric comorbidities, consistent with findings documenting significant associations between systemic inflammation and depressive symptoms in obese patients [START_REF] Delgado | Depressive symptoms in obesity: Relative contribution of low-grade inflammation and metabolic health[END_REF] and with a large literature substantiating the role of inflammation in the pathogenesis of neuropsychiatric symptoms in clinical settings [START_REF] Capuron | Immune System to Brain Signaling: Neuropsychopharmachological Implications[END_REF][START_REF] Liu | Evidence for Inflammation-Associated Depression[END_REF][START_REF] Raison | Cytokines sing the blues: inflammation and pathogenesis of depression[END_REF].

Despite mounting evidence about the close association between inflammation and psychopathology, it is well admitted that neuropsychiatric symptoms do not develop in all patients afflicted with chronic inflammation [START_REF] Lotrich | Inflammatory cytokine-associated depression[END_REF], and that not all depressed patients exhibit immune activation [START_REF] Rosenblat | Inflamed moods: A review of the interactions between inflammation and mood disorders[END_REF]. These findings suggest that inflammation may trigger neuropsychiatric symptoms only in vulnerable individuals or in conjunction with other risk factors. Supporting this notion, factors such as psychological trauma, repeated sub-chronic stressors or early exposure to trauma were found to robustly increase the vulnerability to neuropsychiatric symptoms while impacting neuroimmune circuits [START_REF] Berk | So depression is an inflammatory disease, but where does the inflammation come from?[END_REF]. For instance, it was shown that exposure to childhood trauma increases the risk of developing mood symptoms while inducing persistent increases in inflammatory markers at adulthood [START_REF] Coelho | Childhood maltreatment and inflammatory markers: a systematic review[END_REF][START_REF] Danese | Elevated inflammation levels in depressed adults with a history of childhood maltreatment[END_REF][START_REF] Rasmussen | Cumulative childhood risk is associated with a new measure of chronic inflammation in adulthood[END_REF]. Moreover, a personal history of major depressive disorder (MDD), notably when characterized by multiple episodes, was found to be associated with a greater risk of relapse [START_REF] Kessing | Evidence for clinical progression of unipolar and bipolar disorders[END_REF] and with higher levels of inflammatory markers [START_REF] Celik | The association between serum levels of neopterin and number of depressive episodes of major depression[END_REF][START_REF] Maes | Increased autoimmune activity against 5-HT: A key component of depression that is associated with inflammation and activation of cell-mediated immunity, and with severity and staging of depression[END_REF]. Nevertheless, the impact of a personal history of depression on inflammation and related neuropsychiatric comorbidities in vulnerable subjects free of current depression has not been addressed yet. Accordingly, the aim of the present study was to assess the influence of depressive history on the relationship between inflammation and neuropsychiatric symptoms in obese subjects, characterized by both a systemic low-grade inflammatory state and an increased vulnerability to mood disorders. We hypothesized that obese individuals with a personal history of depression will present greater neuropsychiatric symptoms, as well as increased levels of inflammatory markers, than obese subjects with no history of depression, and that history of depression will modulate the relationship between obesity-related inflammation and neuropsychiatric symptoms.

Patients and Methods

Participants

Obese subjects: Sixty-six obese patients eligible for bariatric intervention were recruited from the services of digestive and bariatric surgery of two private clinics (Tivoli and Jean-Villar) from Bordeaux area, France. Participants were drawn from a larger study on vulnerability factors and pathophysiological mechanisms of neuropsychiatric comorbidities in obesity (OBEPSY Study, ANR ANR-11-JSV1-0006, LC). All participants had a body mass index (BMI) ≥ 35 kg/m 2 and were between 18 and 65 years old. Subjects were excluded if they had current neurologic and/or psychiatric disease, including MDD, as well as a score >20 on the Montgomery-Asberg Depression Rating Scale (MADRS) [START_REF] Montgomery | A New Depression Scale Designed to be Sensitive to Change[END_REF] to warrant the absence of undiagnosed MDD, or if they were currently on antidepressant treatment. Individuals were also excluded if they presented active infection or uncontrolled medical disease, with the exception type-2 diabetes, dysthyroidism, hypertension (HT), dyslipemia and obstructive sleep apnea (OSA), all of which being medical conditions strongly related with obesity.

Non-obese subjects: A sample of 22 healthy, non-obese participants (BMI<30 kg/m 2 ), with no clinical sign of systemic inflammation, as attested by circulating levels of highsensitive C reactive protein (hs-CRP) lower than 5 mg/L, was included as control group. All subjects were free of any current depressive disorder and/or antidepressant treatment, diabetes, HT, OSA, dysthyroidism or inflammatory disease.

All participants provided written informed consent before enrollment. The study was approved by the local Committee for the Protection of Persons (CPP) of Bordeaux, France.

Methods

Group Stratification

The group of obese subjects was divided in two subgroups based on history of at least one MDD episode. Accordingly, the first subgroup included 32 obese patients with a personal history of MDD (HMDD+) and the second subgroup included 34 obese patients with no personal history of MDD or other mental disorders (HMDD-). In the group of obese subjects with a personal history of depression, MDD age of onset and number of MDD episodes were also assessed. Early onset was considered when diagnosis of MDD was achieved before the age of 20.

Similar to obese subjects, the group of non-obese subjects was divided in two subgroups based on history of depression. The two subgroups included respectively 13 nonobese subjects with a personal history of MDD and 9 non-obese subjects with no past history of MDD.

Sociodemographic and Clinical Assessments

Sociodemographic and clinical variables, including medical and neuropsychiatric history, current pathologies and treatments, tobacco consumption, BMI and obesity onset, were gathered in all participants. Early obesity onset was considered when the diagnosis of obesity was made before the age of 18 years old.

Behavioral Assessments

All subjects were assessed through the MINI international neuropsychiatric interview [START_REF] Sheehan | The Mini-International Neuropsychiatric Interview (M.I.N.I.): The Development and Validation of a Structured Diagnostic Psychiatric Interview for DSM-IV and ICD-10[END_REF] to rule out current MDD episode according to DSM criteria. The Neurotoxicity Rating Scale (NRS), a self-reported scale used to assess general and behavioral symptoms associated with inflammatory conditions [START_REF] Valentine | Treatment of neurotoxic side effects of interferon-alpha with naltrexone[END_REF] was administered.

This scale includes 39 items scored from 0 ("not present") to 4 ("extremely severe") measuring symptom severity of a wide range of symptoms. To perform dimensional analyses, symptoms were further grouped in five separate dimensions, corresponding respectively to the dimensions of mood, cognitive, sleep, sickness and motor symptoms, as previously described (Capuron et al., 2011[START_REF] Capuron | Interferon-alpha-induced changes in tryptophan metabolism: Relationship to depression and paroxetine treatment[END_REF][START_REF] Capuron | Neurobehavioral effects of interferon-alpha in cancer patients: phenomenology and paroxetine responsiveness of symptom dimensions[END_REF]. The dimension of mood included depressive symptoms [depressed mood, mood swing, anhedonia (i.e., loss of interest in people/work/activities), loss of motivation, decreased emotions] and anxiety symptoms (anxiety, tension, irritability, worries about health and agitation). The cognitive dimension included symptoms of impaired memory, distractibility, indecisiveness, word-finding problems and episodes of confusion.

The dimension of sleep included symptoms of difficulty getting to sleep or staying asleep and sleeping too much. The dimension of sickness included pain symptoms (headache, body aches, joint pain), fatigue, fever and general malaise. Finally, the dimensions of motor symptoms included motor slowing, walking problems and tremor/shakiness. To homogenize scores across dimensions, an average score was calculated for each symptom dimension.

Measurement of Systemic Inflammation

Fasting blood samples were obtained the day of behavioral assessments for the measurement of serum concentration of the inflammatory marker, hs-CRP. Collected samples were centrifuged (10 min, 1000g, 4°C) after clotting and sera were stored at -80°C until the assays. Hs-CRP was assayed by enzyme-linked immunosorbent assay (ELISA), according to the manufacturer's specifications (CYT298, Millipore, Billerica, Massachussets). Intra-and inter-assay variability was ±4.6% and ±6.0%, and sensitivity was 0.20 ng/mL.

Data Analyses and Statistics

Hs-CRP was log-transformed due to non-normality of the distribution. Sociodemographic data, behavioral scores and serum concentrations of biological markers were compared between obese patients and non-obese participants regardless of MDD history using t-test for continuous variables and chi-square test for categorical variables. Analyses were repeated in the form of analyses of covariance (ANCOVAs) controlling for age, gender, and variables showing a significant difference between the two groups to control for the potential effect of these variables on the outcome measures. Similar analyses, followed by post-hoc comparisons (Tukey test) when appropriate, were performed stratifying groups on the basis of MDD history.

The relationship of log hs-CRP with BMI and neuropsychiatric symptoms (NRS total score) was estimated using Bravais-Pearson correlations in the whole sample under study and/or multiple regression analyses. Multiple regression analyses adjusting for age, gender and relevant variables, including comorbidities (diabetes, dysthyroidism, HT, OSA), educational level and tobacco consumption, were also carried out to assess the respective contribution of obesity and history of MDD to neuropsychiatric symptoms (NRS total scores) and systemic inflammation (log hs-CRP) in study participants. Obesity and history of MDD were first introduced in separate models and then together in order to test their possible interaction. Of note, 4 subjects (18%) in the non-obese group had a BMI between 25 kg/m 2 and 29.9 kg/m 2 , indicative of overweight. Albeit none of these subjects had clinical signs of systemic inflammation, as attested by circulating levels of hs-CRP lower than 5 mg/L, all analyses were still systemically redone excluding those 4 subjects to confirm that it did not impact results. Exclusion of those subjects did not alter the results and conclusions of the study (results not shown).

Statistical analyses were performed with XLStat version 18.06. Test of significance were two tailed with the degree of significance set at p<0.05.

Results

Sociodemographic and Clinical Characteristics of Obese and Non-Obese Subjects

Sociodemographic and clinical characteristics of study participants are shown in Table 1. No significant differences were observed between obese and non-obese subjects with respect to age, gender, marital status and history of depression. As expected, obese subjects exhibited higher BMI (t = 19.8, p < .0001), lower education level (χ 2 = 6.4, p = .04) and higher rate of obesity-related comorbidities (χ 2 = 10.3, p < .01), notably OSA (χ 2 = 15.2, p < .001) compared to non-obese subjects. Finally, tobacco consumption was higher in non-obese participants compared to obese subjects (χ 2 = 5.5, p < .05).

When obese and non-obese subjects were stratified based on personal history of MDD, no significant difference was found between subgroups in terms of age, gender and marital status (Supplementary Table,S1). Overall, history of MDD did not affect BMI, education level, obesity onset, comorbidites and tobacco consumption in obese patients. Similar results were obtained in the group of non-obese subjects. Finally, no significant relationship was found between obesity and characteristics of depressive history; the rate of subjects with more than one MDD episode and/or with early MDD onset being comparable between obese patients and non-obese participants (χ 2 = 0.2, p = .67 and χ 2 = 0.1, p = .79).

Inflammation and Neuropsychiatric Symptoms in Obese Patients and Non-Obese Subjects

Circulating levels of hs-CRP (raw and log-transformed) were significantly higher in obese subjects compared to non-obese participants to (t = 9.3, p < .0001) (Table 2).

Consistent with this, BMI strongly correlated with log hs-CRP in the whole population under study (R = .680, p < .0001). No significant association was found between log hs-CRP and obesity onset in the group of obese patients (F(1,63) = 1.3, p = .27). Similar to inflammation, NRS total scores were higher in obese patients compared to non-obese subjects, notably in the dimensions of mood, sickness and motor symptoms (Table 2). Differences remained significant in multivariate analyses controlling for age, gender, education level, tobacco consumption and comorbidities. In line with the increased NRS scores in obese patients, significant associations were found between BMI and total NRS scores (R = .265, p < .05), sickness (R = .372, p < .001) and motor symptoms (R = .332, p < .01) in the whole population under study.

Relationship between History of Depression and Systemic Inflammation

When groups were stratified on the basis of MDD history, no significant difference was found in log hs-CRP between obese patients with history of MDD and obese patients with no personal history of MDD. Similarly, history of MDD did not affect log hs-CRP values in non-obese subjects (Figure 1). Significant differences were only observed between obese versus non-obese subjects, regardless of depressive history. To further assess the contribution of MDD history to hs-CRP concentrations in the population under study, multiple regression analyses, adjusting for age, gender, education level, tobacco consumption and comorbidities were performed, taking into account obesity status. Consistent with results from cross-sectional analyses, when history of MDD and obesity were entered separately in regression models, only obesity significantly predicted log hs-CRP in the whole sample (models 1 & 2). This relationship was not impacted by history of MDD when the two variables were simultaneously entered in the model (model 3). Similarly, the combination of obesity and MDD history did not significantly increase the β value, stretching further the primary contribution of obesity to systemic inflammation. In both obese and non-obese subjects (models 4 & 5), a personal history of MDD did not significantly impact log hs-CRP (Table 3).

Relationship between History of Depression and Neuropsychiatric Symptoms

Overall, obese patients with a personal history of depression exhibited higher NRS scores than obese subjects with no history of depression and the two subgroups of non-obese participants (Figure 2A), notably in the dimensions of mood, sickness, and motor symptoms.

(Figure 2B-F). Interestingly, this effect was modulated by characteristics of depressive history (i.e., number of past depressive episodes) since obese subjects with a history of multiple MDD episodes (N=13) exhibited significantly higher NRS scores in the dimensions of cognitive and sickness symptoms (6.1 vs. 2.6, t = 3.5, p < .01 and 12.8 vs. 9.9, t = 2.3, p < .05 respectively) than obese subject with a history of one depressive episode only (N=21).

Regression analyses were carried out to further assess the contribution of MDD history to NRS scores, with respect to obesity status, in the whole population. When history of MDD and obesity were entered separately in regression models (models 1 & 2), both variables significantly predicted the magnitude of NRS total scores. When the same variables were entered concomitantly in regression models (model 3), their relationship with NRS total scores remained significant. Finally, when the combination of obesity and MDD history was considered in the model (model 4), the β value increased somewhat, suggesting synergetic effect of both factors on NRS scores. When obese and non-obese subjects were considered separately (models 5 & 6), history of MDD significantly predicted NRS scores in the two groups of subjects (Table 4).

Effects of History of Depression on the Relationship between Inflammation and NRS Scores

In the whole population under study, increased log hs-CRP values, as seen in obese subjects, correlated with increased NRS total scores (β = .262, p < .05), and notably with the dimensions of sleep, sickness and motor symptoms (β = .254, p < .05; β = .330, p < .01 and β = .280, p < .01 respectively). While the relationship of log hs-CRP with NRS total score and the NRS dimension of sleep symptoms became more marginal when the analysis controlled for history of MDD (β = .173, p = .08 and β = .203, p = .07 respectively), the associations with the dimensions of sickness and motor symptoms remained significant (β = .246, p < .05 and β = .215, p < .05 respectively), albeit the β coefficients were somewhat reduced. In the same analyses, history of MDD remained associated with all NRS symptom dimensions when controlling for log hs-CRP.

Discussion

Results from the present study comfort the notion that obesity represents a chronic inflammatory condition that is associated with greater neuropsychiatric symptoms, as attested by increased scores on the neurotoxicity rating scale in obese subjects. Findings also indicate that, while history of MDD contributes to increased neuropsychiatric scores, it does not significantly impact obesity-related systemic inflammation. Consistent with this finding, history of MDD was not found to significantly modulate, or only to a minimal extent, the relationship between obesity-related inflammation and neuropsychiatric symptoms. To our knowledge, no study has been previously published focusing on the influence of past MDD on a cohort of patients afflicted with a low-grade inflammatory condition such as obesity and vulnerable to depression but currently free of depressive episode.

Overall, results from this study are consistent with multiple reports indicating higher levels of CRP and neuropsychiatric symptoms in obese subjects [START_REF] Castanon | Neuropsychiatric comorbidity in obesity: Role of inflammatory processes[END_REF][START_REF] Daly | The relationship of C-reactive protein to obesity-related depressive symptoms: a longitudinal study[END_REF][START_REF] Dixon | Raised CRP levels in obese patients: symptoms of depression have an independent positive association[END_REF]. In line with a large literature documenting the role of inflammation in the development of neuropsychiatric symptoms, increased circulating levels of log hs-CRP, as measured in obese subjects, were associated with higher NRS scores in the whole population under study. Peripheral inflammation can lead to neuropsychiatric symptoms through different pathways (humor, neural and cellular) and mechanisms (effects on neurotransmitter metabolism and function, neuroendocrine function, neural plasticity and neurocircuitry) that have been largely reviewed elsewhere [START_REF] Capuron | Immune System to Brain Signaling: Neuropsychopharmachological Implications[END_REF]. Those pathways and mechanisms are likely to be involved in the development of neuropsychiatric comorbidities in obese subjects given the chronic activation of inflammatory processes in obesity. Supporting this scenario, increased log hs-CRP values were associated with greater NRS scores in the population under study. These results are in line with previous findings indicating strong relationship between CRP and mood disorders [START_REF] Azar | Mild depressive symptoms are associated with elevated Creactive protein and proinflammatory cytokine levels during early to midgestation: a prospective pilot study[END_REF][START_REF] Dowlati | A Meta-Analysis of Cytokines in Major Depression[END_REF][START_REF] Felger | Inflammation is associated with decreased functional connectivity within corticostriatal reward circuitry in depression[END_REF][START_REF] Haapakoski | Cumulative meta-analysis of interleukins 6 and 1β, tumour necrosis factor α and C-reactive protein in patients with major depressive disorder[END_REF]. Moreover, the associations found between log hs-CRP and specific symptom dimensions, including sleep, sickness and motor symptoms, corroborate reports documenting greatest correlations with the neurovegetative features of depression [START_REF] Jokela | Inflammation and Specific Symptoms of Depression[END_REF].

In the present study, lifetime diagnosis of MDD was associated with more intense neuropsychiatric symptoms in the whole population under study, regardless of obesity.

Interestingly, in obese subjects, history of depression was associated with even worse neuropsychiatric outcomes, as indicated by higher NRS scores in comparison to obese subjects with no history of depressive episode. Moreover, obese subjects with history of multiple episodes exhibited more severe cognitive and sickness symptoms than obese individuals with history of just one depressive episode. Multiple reports have identified history of depression as one of the main risk factor for the development of neuropsychiatric alterations, including depression and cognitive impairment [START_REF] Byers | Depression and risk of developing dementia[END_REF][START_REF] Kessing | The effect of episodes on recurrence in affective disorder: A case register study[END_REF][START_REF] Pereira-Morales | Network analysis of multiple risk factors for mental health in young Colombian adults[END_REF]. In a recent longitudinal study, history of depression was associated with a 21% prevalence rate of depressive disorders at 12 months against 4.4% in persons with no history of MDD [START_REF] Markkula | Predictors of new-onset depressive disorders -Results from the longitudinal Finnish Health 2011 Study[END_REF]. Interestingly, this prevalence increased up to 27% in persons with history of dysthymia. While the present study, because of its cross-sectional design, did not allow performing predictive longitudinal analyses, the relationship between history of depression and current neuropsychiatric symptoms in a susceptible group of individuals (i.e., obese subjects) can be interpreted as supporting evidence for an increased neuropsychiatric vulnerability. This hypothesis is supported by a large database documenting a greater risk of depression in obese individuals (de [START_REF] De Wit | Depression and obesity: A meta-analysis of community-based studies[END_REF] and by reports indicating that individuals with subclinical depressive symptoms are at higher risk for developing later depression [START_REF] Markkula | Predictors of new-onset depressive disorders -Results from the longitudinal Finnish Health 2011 Study[END_REF] and that history of MDD increases the risk of recurrence [START_REF] Bulloch | Recurrence of major depressive episodes is strongly dependent on the number of previous episodes[END_REF]. Alternatively, the possibility of residual depressive symptoms after remission can be considered given that a substantial proportion of patients who recovered from depression do not achieve a complete functional remission due to the persistence of sub-threshold symptoms [START_REF] Stotland | Recovery from depression[END_REF]. Low mood, insomnia and somatic complaints have been described as common residual symptoms of depression [START_REF] Israel | The impact of residual symptoms in major depression[END_REF]. Interestingly, residual and subthreshold symptoms after remission have been shown to be predictive of recurrence and relapses [START_REF] Hardeveld | Prevalence and predictors of recurrence of major depressive disorder in the adult population[END_REF][START_REF] Richards | Prevalence and clinical course of depression: A review[END_REF], stretching further the notion of increased vulnerability.

Whether they reflect or not an increased neuropsychiatric vulnerability, the higher NRS scores measured in obese patients with MDD history compared to obese patients with no MDD history and non-obese subjects, suggest the role of underpinning factors and/or potential synergetic effects between those factors and history of depression. The strong associations found between log hs-CRP and NRS scores, notably with the symptom dimensions that are particularly increased in obese subjects with MDD history, and the finding that those associations remain significant when controlling for history of depression, highly support the role of inflammation as one potential synergetic factor. It is thus highly probable that chronic systemic inflammation in obese subjects contributes to exacerbate vulnerability to neuropsychiatric disorders, in particular in subjects with a depressive history. This is in line with a large literature indicating that inflammation interacts with vulnerability factors to promote the development of clinically relevant neuropsychiatric disorders, including depression [START_REF] Capuron | Role of Adiposity-Driven Inflammation in Depressive Morbidity[END_REF].

Albeit the present data are supporting the notion that history of depression interacts with inflammation to influence neuropsychiatric status and vulnerability, they failed to show any predictive association of MDD history with obesity-related inflammation. In multivariate regression analyses, only obesity was associated with log hs-CRP, and this regardless of lifetime history of MDD. Moreover, history of MDD did not modulate the relationship between obesity and systemic inflammation. These findings indicate that the likely synergetic interaction between MDD history and obesity-driven inflammation, resulting in increased neuropsychiatric symptoms, does not rely on a mediatory effect of MDD history on systemic inflammation. A possible explanation is that history of MDD, which may be potentially associated with a subtle and mild immune activation, is not sufficient enough to influence the chronic, robust and well-installed inflammatory state that characterizes obesity. This scenario is supported by the results showing that recurrent depressive episodes did not influence hs-CRP concentrations in obese individuals.

Taken together, these results add valuable information on the risk factors (in particular related to depressive history) that may help identifying patients at increased risk for neuropsychiatric disorders in conditions of greater susceptibility, such as obesity.

Nevertheless, several limitations of the current study must be pointed out and need to be considered for future investigations. First, the cross-sectional design of this study reduces the possibilities of inference. The absence of longitudinal assessments does not allow performing predictive analyses. Complementary studies using longitudinal designs in larger cohorts of obese subjects are needed to address this issue. Second, restricted inclusion criteria were used as only obese subjects with BMI > 35 kg/m 2 and free of current depression were selected. This limitation warrants further investigations including more heterogeneous profiles of obese subjects so as to extend the present findings. Third, only one inflammatory marker, i.e. CRP, was assessed in the study. Thought CRP is considered one of the most sensitive indicators of inflammation related to neuropsychiatric alterations [START_REF] Kohler | Peripheral cytokine and chemokine alterations in depression:a meta-analysis of 82 studies[END_REF][START_REF] Raison | A randomized controlled trial of the Tumor Necrosis Factor-alpha antagonist infliximab in treatment resistant depression: role of baseline inflammatory biomarkers[END_REF], the use of other markers such as interleukin-6 or tumor necrosis factor-α should be considered in future studies. It could be also interesting to assess other biomarkers that contribute to maintain of inflammation, such as oxidative and nitrosative stress markers [START_REF] Moylan | The neuroprogressive nature of major depressive disorder: pathways to disease evolution and resistance, and therapeutic implications[END_REF][START_REF] Oriolo | Pathways Driving Neuroprogression in Depression: The Role of Immune Activation[END_REF]. Fourth, the sample size was relatively small, a limitation that may have contributed to reduce the statistical power of this study. Finally, the high prevalence of women in our sample may represent another limitation. Albeit the results were systematically controlled for gender, the fact that women were more represented in the present study may also reduce the generalizability of the results, given recent evidence on sexual differences in stress-related neuroimmune effects or behavioral responses to inflammatory challenges [START_REF] Bekhbat | Sex differences in the neuro-immune consequences of stress: Focus on depression and anxiety[END_REF][START_REF] Moieni | Sex differences in depressive and socioemotional responses to an inflammatory challenge: Implications for sex differences in depression[END_REF].

Conclusions

In conclusion, results from this study comfort the notion that chronic systemic inflammation represents a major contributor of neuropsychiatric symptoms and neuropsychiatric vulnerability in obesity. In obese subjects exempt of current diagnosis of MDD, history of depression worsened neuropsychiatric outcomes, but had no effect on hs-CRP concentrations. Similarly, the relationship of systemic inflammation with neuropsychiatric scores was not influenced, or only minimally, by history of MDD. These findings provide relevant information on the risk factors and mechanisms that may help identifying obese subjects who are at increased risk of neuropsychiatric comorbitity, in order to improve preventive strategies. Further research is needed, using large and longitudinal designs and assessing complementary inflammatory markers, to confirm causal relationships between vulnerability markers and disease development. Abbreviations: MDD = Major Depressive Disorder; Log hs-CRP = high-sensitivity C-reactive protein (log-transformed) 
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 12 Figure 1. Log Hs-CRP in obese and non-obese subjects stratified on the basis of personal

Table 1 : Characteristics of study participants

 1 Analyses were performed using Student T-tests for continuous variables and Chi-square test for categorical variables. Any comorbities correspond to the presence of at least one comorbidity among diabetes, hypertension, dysthyroidism and obstructive sleep apnea.

	Abbreviations: BMI = Body Mass Index; SD = Standard Deviation.

Table 2 : Hs-CRP concentrations and NRS scores in obese and non-obese subjects

 2 Analyses were performed using Student T-tests for continuous variables.

	Obese patients	Non-obese	p
		participants	

Abbreviations: Hs-CRP = High-sensitivity C-reactive protein; NRS = Neurotoxicity Rating Scale.

Table 3 : Respective contribution of history of MDD and obesity to circulating levels of hs-CRP Log hs-CRP

 3 

	Predictors	β	F	P
	Model 1 (all subjects)			
	History of MDD	.183	3.1	.08
	Model 2 (all subjects)			
	Obesity	.786	85.5	< .0001
	Model 3 (all subjects)			
	Obesity (controlling for history of MDD)	.772	81.2	< .0001
	History of MDD (controlling for obesity)	.090	1.4	.23
	Model 4 (all subjects)			
	Obesity + MDD history	.385	15.1	< .001
	Model 5 (obese subjects only)			
	History of MDD	.108	0.9	.36
	Model 6 (non-obese subjects only)			
	History of MDD	.222	0.8	.39
	Analyses were performed using multivariate regression analysis. All models were
	systematically adjusted for age, gender, educational level, tobacco consumption and any
	comorbidities.			
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