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Objectives:

The main objective of the study was to assess 25-hydroxyvitamin D (25(OH)D) status in a psychiatric population in France according to psychiatric diagnoses. The secondary objective was to investigate a correlation between 25(OH)D and CRP. Methods: A retrospective study from February 1st, 2014 to January 31, 2016, was carried out in a French psychiatric hospital. Inpatients with a 25(OH)D measure were included. Variables including ethnic origin, BMI, psychiatric diagnoses, medical history and CRP were collected. Factors associated with 25(OH)D and CRP were studied in univariate and multivariate analyses, as was the correlation between 25(OH)D and CRP. Results: Among 604 patients included, 80.6% presented 25(OH)D deficiency of which 46.9% with 25(OH)D < 50nmol/L. 25(OH)D varied with age, ethnic origin, BMI, season, CRP and medical history. It was associated with schizophrenia in univariate analysis but not in multivariate analyses considering age and BMI. CRP varied with age, BMI and medical conditions but not with psychiatric diagnoses. 25(OH)D was inversely correlated with CRP. Conclusion: This psychiatric population was significantly more deficient in 25(OH)D than the French population in general. 25(OH)D was inversely correlated with CRP as is observed in the general population.

Introduction

In the literature a link between psychiatric disorders and vitamin D on the one hand and C-Reactive Protein (CRP) on the other has been observed.

The role of vitamin D is well known and described in many diseases (bone, neurological, cardiac) and its involvement in psychiatric disorders has been suggested.

Mc Grath in 1999 was the first author to suggest the role of vitamin D deficiency during pregnancy as a risk factor for schizophrenia in adulthood [START_REF] Mcgrath | Hypothesis: Is low prenatal vitamin D a risk-modifying factor for schizophrenia?[END_REF]. Then it was hypothesized that vitamin D deficiency is responsible for the excess of psychotic decompensations in migrant populations [START_REF] Dealberto | Ethnic origin and increased risk for schizophrenia in immigrants to countries of recent and longstanding immigration[END_REF]. Vitamin D deficiency and depression was the subject of Mersch's work including latitude and seasonal depression [START_REF] Mersch | Seasonal affective disorder and latitude: a review of the literature[END_REF]. Also, Cannell suggested in 2008 a link between vitamin D deficiency and autism [START_REF] Cannell | Autism and vitamin D[END_REF].

The relationships between vitamin D and several psychiatric diagnoses has been observed. The metaanalyses of Anglin et al and Spedding [START_REF] Anglin | Vitamin D deficiency and depression in adults: systematic review and meta-analysis[END_REF][START_REF] Spedding | Vitamin D and Depression: A Systematic Review and Meta-Analysis Comparing Studies with and without Biological Flaws[END_REF] highlighted the relationship between vitamin D deficiency and mood disorders. Several recent meta-analyses showed a correlation between vitamin D and schizophrenia [START_REF] Adamson | Correlates of vitamin D in psychotic disorders: A comprehensive systematic review[END_REF][START_REF] Murri | Vitamin D and psychosis: mini meta-analysis[END_REF][START_REF] Valipour | Serum Vitamin D Levels in Relation to Schizophrenia: A Systematic Review and Meta-Analysis of Observational Studies[END_REF]. The meta-analysis of Balion et al [START_REF] Balion | Vitamin D, cognition, and dementia A systematic review and meta-analysis[END_REF] established an association between low vitamin D and cognitive impairment. The review by Grant et al [START_REF] Grant | Emphasizing the Health Benefits of Vitamin D for Those with Neurodevelopmental Disorders and Intellectual Disabilities[END_REF] highlighted vitamin D deficiencies in neurodevelopmental disorders.

While in many countries studies on the status of vitamin D in psychiatric populations are increasing, data are rare or nonexistent in France. Apart from several studies dealing with vitamin D in cognitive disorders, we found only two studies in France which focused on vitamin D status in a psychiatric population. The Bonnot et al study of 136 adolescents hospitalized in psychiatry showed that 95.5% of them were deficient in vitamin D [START_REF] Bonnot | Children and adolescents with severe mental illness need vitamin D supplementation regardless of disease or treatment[END_REF]. Belzeaux et al carried out a study in patients suffering from schizophrenia or mood disorders on a 82 patient sample: 97.6% were deficient in vitamin D [START_REF] Belzeaux | Mood disorders are associated with a more severe hypovitaminosis D than schizophrenia[END_REF].

As for neurological diseases, markers of inflammation, especially CRP levels, were studied in relation with psychiatric disorders. The recent meta-analyses by Miller et al and Valkanova et al showed an association between increased CRP and the presence of depressive symptoms and schizophrenia, respectively [START_REF] Miller | C-reactive protein levels in schizophrenia: a review and meta-analysis[END_REF][START_REF] Valkanova | CRP, IL-6 and depression: a systematic review and metaanalysis of longitudinal studies[END_REF]. The Inoshita et al study confirmed this association between elevated CRP levels and schizophrenia in a case-control study and a meta-analysis of 14 case-control studies [START_REF] Inoshita | A significant causal association between C-reactive protein levels and schizophrenia[END_REF].

The relationship between vitamin D and inflammation has also been investigated in several studies. Vitamin D deficiency was associated with an increase in inflammatory markers such as Tumor Necrosis Factor-α (TNF-α) and Interleukin-6 (IL-6) [START_REF] Zhang | Vitamin D Inhibits Monocyte/Macrophage Proinflammatory Cytokine Production by Targeting MAPK Phosphatase-1[END_REF]. Vitamin D supplementation decreased CRP in a non-psychiatric population according to the meta-analysis of Chen et al [START_REF] Chen | Effect of vitamin D supplementation on the level of circulating high-sensitivity C-reactive protein: a meta-analysis of randomized controlled trials[END_REF] and in the recent study of Tabatabaeizadeh et al [START_REF] Tabatabaeizadeh | High-dose supplementation of vitamin D affects measures of systemic inflammation: reductions in High-Sensitivity C-Reactive Protein level and Neutrophil to lymphocyte ratio (NLR) distribution[END_REF].

However, few studies have been carried out on the relationship between vitamin D and inflammation in psychiatric populations : the study by Zhu et al showed that subjects with schizophrenia had higher CRP levels and lower vitamin D levels than control subjects [START_REF] Zhu | High levels of vitamin D in relation to reduced risk of schizophrenia with elevated C-reactive protein[END_REF] ; the Lally et al study found a correlation between vitamin D and CRP in patients with psychosis [START_REF] Lally | Clinical correlates of vitamin D deficiency in established psychosis[END_REF] ; while the Korean study by Shin et al did not find this association [START_REF] Shin | The associations among vitamin D deficiency, C-reactive protein, and depressive symptoms[END_REF]. An association between IL-6 and IL-8 and vitamin D was found in patients who attempted suicide [START_REF] Grudet | Suicidal patients are deficient in vitamin D, associated with a pro-inflammatory status in the blood[END_REF], whereas the administration of vitamin D had no effect on ultra-sensitive CRP (CRP-us) in depressed patients [START_REF] Sepehrmanesh | Vitamin D Supplementation Affects the Beck Depression Inventory, Insulin Resistance, and Biomarkers of Oxidative Stress in Patients with Major Depressive Disorder: A Randomized, Controlled Clinical Trial[END_REF]. The few studies on the relationship between vitamin D and CRP showed contradictory results and we found no studies carried out in France to date.

A French study could augment knowledge in the field thanks to the ethnic diversity of the population, climate, psychiatric health care system etc.

The main objective of our study was to assess the vitamin D status in a psychiatric population in France according to psychiatric disorders. The secondary objective of our study was to investigate a correlation between vitamin D and CRP in this psychiatric population.

Methods

Participants and study design

This retrospective study was carried out using inpatient records at the Hospital Center of Saint Cyr au Mont d'Or. This is a psychiatric institution (158 beds for a geographical area of 366,491 inhabitants), located in the Rhône department (69) in France. Medical files were analyzed over the period from February 1 st , 2014 to January 31, 2016. During this period, the systematic measurement of the active form of vitamin D, 25-hydroxyvitamin D (25(OH)D), was part of a protocol set up by the institution's general medical service in the admission process of the patients.

The inclusion criteria were: patients hospitalized in psychiatry between February 1 st , 2014 and January 31, 2016, aged over 18 years, and who had a 25(OH)D measurement at admission. If a patient was hospitalized several times during the study period, only the first 25(OH)D measure was used and subsequent measures were excluded. Patients who had ongoing vitamin D treatment or pregnant women were excluded.

We chose not to take into account the latitude of the commune of residence. Indeed, the population mainly lived (97.2%) in the Rhône department, therefore latitude variations were negligible (latitude of the Rhone department varying between 45.4° and 46.3°).

The following variables were collected (see definitions in the following paragraph): age, gender, ethnic origin, body mass index (BMI), urbanity / rurality of the commune of residence, main psychiatric diagnosis, medical history (history of bone fracture(s), cardiovascular risk factor (hypertension, dyslipidemia, diabetes), cardiovascular history (myocardial infarction, valvular heart disease, cardiac insufficiency, cardiopathy, arterial disease, aneurysm, thrombosis, pulmonary embolism, cerebrovascular diseases), cancers, chronic inflammatory diseases (joint, digestive, respiratory, hepatic)), use of toxics (tobacco, alcohol, cannabis), first or non-first hospitalization, duration of stay, psychotropic treatment (antipsychotics and other psychotropic medications (antidepressants, benzodiazepines, thymoregulators)).

As an approximation of ethnic origin, we used the place of birth in the patient file, which was grouped in large geographical areas: metropolitan France; Rest of Europe; French overseas territories and departments; North Africa ; Central and South Africa; others (2 patients born in Russia, 2 in Turkey, 2 in Vietnam, 1 in Bangladesh, 1 in India, 1 in Thailand, 1 in Alaska, 2 in Haiti and 1 in Colombia). The BMI was calculated using the weight in kilograms divided by the height in meters, and the result is given in kg / m². The rural or urban character of the communes of residence was extracted from the French data of the National Institute of Statistics and Economic Studies [START_REF]National database[END_REF]. Seventeen homeless patients were classified as "urban". Psychiatric diagnoses were classified according to the DSM-5 (Diagnostic and Statistical Manual of Mental Disorders Fifth Edition [START_REF]American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-5)[END_REF]) categories based on the diagnosis extracted from the medical records. Records included the observation of the general practitioner, psychiatric observations as part of follow-up if necessary, and hospitalization report. The review of medical records was performed by a single person (first author). In case of multiple diagnosis, only the predominant and therefore main diagnosis was considered. Medical history, use of toxics and use of psychotropic drugs (only long-term treatment at the time of 25(OH)D measure) were extracted in the same way.

Laboratory analyses

Biological analyses were realized at the laboratory of Dyomedea Group in Lyon 9 th (Rhône department, 69). The 25(OH)D measurement was performed by a SIEMENS device with an ADVIA Centaur system (competitive and antibody immunoassay). The CRPL3 measure (C-Reactive Protein Gen.3) was performed by a Roche / Hitachi cobas system with an immunoturbidimetric test on latex particles (limit of detection at 0.3 mg/L and limit of quantification at 0.6 mg/L). CRP measure was performed the same month as the 25(OH)D measure. 

Statistical analysis

The Microsoft EXCEL 2016 software was used to collect data. All statistical analyzes were done by RStudio software, version 1.0.136 and graphic interface Rstudio.

A Chi2 test was performed to compare 25(OH)D categories from the study sample with that of a representative sample of the general population [START_REF] Vernay | Statut en vitamine D de la population adulte en France : l'étude nationale nutrition santé (ENNS, 2006-2007)[END_REF].

In univariate analysis, a t-test or ANOVA test examined the relationship between 25(OH)D and variables such as sex, age, ethnic origin, rural or urban character, BMI, first hospitalization, medical history, addiction, psychiatric diagnoses, psychotropic treatments, season and CRP.

In the same way, the relationship between CRP and the same variables were studied.

A multivariate analysis with a MANOVA test tested the relationship between 25(OH)D and the psychiatric diagnoses associated with in univariate analysis.

Since the distribution of CRP was not normal, we used its logarithm, the distribution of which was normal. A Pearson correlation test between the 25(OH)D and the logarithm of the CRP created a graph with a linear regression curve. This test was then adjusted to factors related to 25(OH)D and CRP.

This study was conducted in accordance with the Declaration of Helsinki and French Good Clinical Practices.

Results

Chart of the study

During the study period from February 1 st , 2014 to January 31, 2016, 1,605 patients were hospitalized corresponding to 3,064 admissions (patients admitted several times), as described in Figure 1. According to inclusion and exclusion criteria, 604 patients were enrolled in the study (i.e. 38%).

General characteristics of the population

The characteristics of the study population are summarized in Table 1. The sample was predominantly male (55.6%), originating from metropolitan France (81.6%), middle aged (54.3% aged 30 to 54 years) and lived in urban areas (84.9%). The more frequent psychiatric disorder was "schizophrenia spectrum and other psychotic disorders" (36.3%), followed by "depressive disorders" (16.2%), "bipolar and depressive disorders" (13.2%) and "personality disorders" (12.1%).

Vitamin D

From Table 1, 80.6% of the study population presented vitamin D deficiency or insufficiency, of which 46.9% a moderate to severe deficiency and 9.6% a severe deficiency. This result is significantly different from that of a representative sample of the French population (National Nutrition Health Study 2006-2007 [START_REF] Vernay | Statut en vitamine D de la population adulte en France : l'étude nationale nutrition santé (ENNS, 2006-2007)[END_REF]) (19.4% vs 19.9% (>75 nmol/L); 33.8% vs 37.6% (50-75 nmol/L); 37.2% vs 37.7% (25-50 nmol/L); 9.6% vs 4.8% (<25nmol/L); Chi-2 test = 18.43; p-value = 0.0004, degrees of freedom = 3). The difference when we compared severe deficiency to the other categories was marked (Chi-2 test = 16.43; p-value = 0.00004; degrees of freedom = 1).

Among patients with "schizophrenia spectrum and other psychotic disorders" (n = 219), 83.6% presented vitamin D deficiency, including 55.7% with a moderate to severe deficit. Among patients with affective disorders ("bipolar and related disorders" group and "depressive disorders" group; n = 178), 79.8% were deficient in 25(OH)D, 42.1% of whom had moderate to severe deficits. No statistically significant differences were observed for sex, addictions, and psychotropic treatments.

Among psychiatric diagnoses, only "schizophrenia spectrum and other psychotic disorders" had a significant association with 25(OH)D.

The diagnostic group "Schizophrenia spectrum and other psychotic disorders" significantly varied with 25(OH)D in univariate analysis (p-value = 0.044). Two other diagnostic categories ("bipolar and related disorders" and "substance-use and addictive disorders") did not reach the significance limit (p-value = 0.108 and 0.092 respectively).

In a multivariate analysis, after adjusting for age, ethnic origin, BMI and season, the correlation between the "spectrum of schizophrenia and other psychotic disorders" and 25(OH)D was not found to be significant (F-value = 0.725; p-value = 0.39; degrees of freedom = 1).

CRP

Among patients who had a CRP measure, 85.6% had a CRP of less than or equal to 10 mg / L (Table 1). The mean CRP values with their 95% confidence intervals are reported for each variable in Table 3. The p-value for CRP univariate analysis for CRP are presented in the "Statistical test" column.

CRP varied with age, BMI and certain diseases (hypertension, vascular history, chronic inflammatory diseases). CRP was not correlated with psychiatric diagnosis. CRP levels were analyzed because it was a parameter easier to appreciate from a clinical point of view. When we used log(CRP), we found the same associations: age (p-value = 0.0006), BMI (pvalue < 10 -12 ), hypertension (p-value = 0.04), vascular history (p-value = 0.02), and chronic inflammatory diseases (p-value = 0.002). Additional associations were discovered as follows: ethnic origin (p-value = 0.05), diabetes (p-value = 0.02) and psychotropic treatment (antipsychotics p-value = 0.02; others psychotropic treatments p-value = 0.02).

Relationship between 25(OH)D and CRP

The correlation between 25(OH)D and the logarithm of CRP was significant (correlation coefficient R = -0.194; p-value <10-5; degrees of freedom = 561) (Figure 2) which gave a R² = 0.037. This correlation was also observed when using only the CRP values ≤ 10 (correlation coefficient R = -0.169; p-value <10-3; degrees of freedom = 489; R² = 0.028). This correlation remained significant in multivariate analysis, including factors such as age and BMI (correlation coefficient R² = 0.05; pvalue <10-5; degrees of freedom = 526).

Discussion

This study is the third French study exploring the relationship between vitamin D and psychiatric disorders, and it is, to the best of our knowledge, the first study in France investigating the relationship between vitamin D and CRP in a psychiatric population.

In our large sample of 604 patients defined according to our inclusion criteria, 80.6% were found to be deficient in vitamin D, 46.9% of whom presented moderate to severe deficiency and 9.6% severe deficiency. Vitamin D deficiency severity was more marked in the study sample than in the general French population [START_REF] Vernay | Statut en vitamine D de la population adulte en France : l'étude nationale nutrition santé (ENNS, 2006-2007)[END_REF] (data in the Results section).

The study of Bonnot et al in France reported a higher rate of vitamin D deficiency than in our study (95.5% vs 80.6%); however the population was different as the study included teenagers residing in Paris at a higher latitude [START_REF] Bonnot | Children and adolescents with severe mental illness need vitamin D supplementation regardless of disease or treatment[END_REF]. The Belzeaux et al French study obtained more important rates of moderate to severe vitamin D deficiency (<50 nmol/L) than in our cohort (80.5% vs 41.7%) [START_REF] Belzeaux | Mood disorders are associated with a more severe hypovitaminosis D than schizophrenia[END_REF]. This result is extremely low considering the latitude of Marseille city, which is further south than Lyon.

Concerning psychiatric patients, our results are comparable with studies in other countries: 80.6% of patients with vitamin D < 75 nmol/L versus 85.6% in Netherlands [START_REF] Boerman | Prevalence of Vitamin D Deficiency in Adult Outpatients With Bipolar Disorder or Schizophrenia[END_REF], 85.5% in Sweden [START_REF] Humble | Vitamin D, light and mental health[END_REF], 85% in Louisiana [START_REF] Bazzano | Factors associated with vitamin D status of lowincome, hospitalized psychiatric patients: results of a retrospective study[END_REF]. Concerning patients with schizophrenia, 55.7% of our sample presented moderate to severe deficits. This result is lower than those found in the foreign literature: 74% in New Zealand [START_REF] Menkes | Vitamin D status of psychiatric inpatients in New Zealand's Waikato region[END_REF] and 80% in Germany [START_REF] Endres | Vitamin D Deficiency in Adult Patients with Schizophreniform and Autism Spectrum Syndromes: A One-Year Cohort Study at a German Tertiary Care Hospital[END_REF]. Bazzano et al (Louisiana) and Akinlade et al (Nigeria) found results similar to ours with respectively 51.4% and 58.3% [START_REF] Bazzano | Factors associated with vitamin D status of lowincome, hospitalized psychiatric patients: results of a retrospective study[END_REF][START_REF] Menkes | Vitamin D status of psychiatric inpatients in New Zealand's Waikato region[END_REF][START_REF] Endres | Vitamin D Deficiency in Adult Patients with Schizophreniform and Autism Spectrum Syndromes: A One-Year Cohort Study at a German Tertiary Care Hospital[END_REF][START_REF] Akinlade | Vitamin D Levels in Different Severity Groups of Schizophrenia[END_REF]. These differences could be explained by the different latitudes of the countries and the different sun exposure as well as different demographic of the study populations.

Our results showed that vitamin D varied with age, ethnic origin, BMI and the season, results which were expected. Indeed, skin pigmentation affects the absorption of vitamin D [START_REF] Stewart | Possible contributions of skin pigmentation and vitamin D in a polyfactorial model of seasonal affective disorder[END_REF], and the vitamin D winter measures are lower than those of the summer because UVBs allow the synthesis of vitamin D. Vitamin D serum concentrations have been shown to be inversely correlated with BMI and biochemical markers of adiposity [START_REF] Ding | Vitamin D signalling in adipose tissue[END_REF]. Among psychiatric patients, the Bazzano et al study only found ethnic origin as a factor modifying vitamin D among several variables (age, gender, employment, length of hospitalization, addictions, cardiovascular risk factors), which did not include season and BMI [START_REF] Bazzano | Factors associated with vitamin D status of lowincome, hospitalized psychiatric patients: results of a retrospective study[END_REF]. In a systematic review of the literature, Adamson et al synthesized factors modifying vitamin D in patients with psychotic disorders [START_REF] Adamson | Correlates of vitamin D in psychotic disorders: A comprehensive systematic review[END_REF]. They found a positive correlation for season, ethnic origin, parathyroid hormone, whereas they did not find a correlation for BMI, age, gender, tobacco and duration of illness. The English study by Lally et al found the same correlations as ours, namely a link with ethnic origin, BMI, CRP, hypertension, dyslipidemia and the absence of significant correlation with sex, urban or rural character, tobacco and alcohol use [START_REF] Lally | Clinical correlates of vitamin D deficiency in established psychosis[END_REF]. Cardiovascular risk factors and cardiac history correlated with vitamin D levels in our study, which is also consistent with literature [START_REF] Abdullah | Vitamin d status and cardiometabolic risk factors in long-term psychiatric inpatients[END_REF].

Regarding the relationship between vitamin D and psychiatric disorders, published studies reported a link, however few considered variables modifying vitamin D [START_REF] Humble | Vitamin D, light and mental health[END_REF][START_REF] Bazzano | Factors associated with vitamin D status of lowincome, hospitalized psychiatric patients: results of a retrospective study[END_REF][START_REF] Menkes | Vitamin D status of psychiatric inpatients in New Zealand's Waikato region[END_REF][START_REF] Endres | Vitamin D Deficiency in Adult Patients with Schizophreniform and Autism Spectrum Syndromes: A One-Year Cohort Study at a German Tertiary Care Hospital[END_REF][START_REF] Akinlade | Vitamin D Levels in Different Severity Groups of Schizophrenia[END_REF]. In our study, vitamin D was correlated only to the diagnosis "spectrum of schizophrenia and other psychotic disorders", but this relationship did not remain significant when variables modifying vitamin D (age, season, BMI, origin ethnic) were considered. It is also possible that patients with schizophrenia are more likely to be persons with poor nutrition habits and less likely to be exposed to the sun.

Regarding CRP, the factors influencing CRP in our study were age, BMI, hypertension, vascular history and chronic inflammatory diseases. These elements are consistent with the literature [START_REF] Abramson | Association between pulse pressure and C-reactive protein among apparently healthy US adults[END_REF][START_REF] Danesh | C-reactive protein and other circulating markers of inflammation in the prediction of coronary heart disease[END_REF][START_REF] Ebrahimi | Association of Serum hs-CRP Levels With the Presence of Obesity, Diabetes Mellitus, and Other Cardiovascular Risk Factors[END_REF][START_REF] Thanakun | Increased oral inflammation, leukocytes, and leptin, and lower adiponectin in overweight or obesity[END_REF] and confirm the validity of the results in our cohort. In the univariate analysis, CRP was not correlated with psychiatric diagnoses contrary to what we expected [START_REF] Miller | C-reactive protein levels in schizophrenia: a review and meta-analysis[END_REF][START_REF] Valkanova | CRP, IL-6 and depression: a systematic review and metaanalysis of longitudinal studies[END_REF][START_REF] Inoshita | A significant causal association between C-reactive protein levels and schizophrenia[END_REF]. This could be related to CRP measurements which were not performed by an ultra-sensitive method with a detection limit of only 0.6 mg/L.

The study showed an inverse relationship between vitamin D and CRP in our psychiatric population, independent of the factors modifying these two variables (age and BMI). As mentioned in the introduction, the literature on the relationship between inflammation and vitamin D in psychiatric populations found contradictory results [START_REF] Zhu | High levels of vitamin D in relation to reduced risk of schizophrenia with elevated C-reactive protein[END_REF][START_REF] Lally | Clinical correlates of vitamin D deficiency in established psychosis[END_REF][START_REF] Shin | The associations among vitamin D deficiency, C-reactive protein, and depressive symptoms[END_REF]. Our study showing an inverse relationship between vitamin D and CRP is consistent with the results of the literature in non-psychiatric populations [START_REF] Chen | Effect of vitamin D supplementation on the level of circulating high-sensitivity C-reactive protein: a meta-analysis of randomized controlled trials[END_REF][START_REF] Liefaard | Vitamin D and C-Reactive Protein: A Mendelian Randomization Study[END_REF]. However, this is a transversal study so we cannot establish a causal relationship.

Concerning the pathophysiological mechanisms between vitamin D and psychiatric pathology, the role of vitamin D on cerebral structures has been shown to affect neuronal development, neuroplasticity through stimulation of axogenesis, neuro-protection by reducing oxidative stress and strengthening of the antioxidative immune system and, finally neurotransmission [START_REF] Millet | Rôles bénéfiques de la vitamine D sur la neurodégénérescence et les troubles mentaux[END_REF]. Vitamin D also has a general effect on inflammation and, therefore, potentially on cerebral inflammation [START_REF] Chen | Effect of vitamin D supplementation on the level of circulating high-sensitivity C-reactive protein: a meta-analysis of randomized controlled trials[END_REF][START_REF] Mitra | Antioxidant and anti-inflammatory nutrient status, supplementation, and mechanisms in patients with schizophrenia[END_REF][START_REF] Guillot | Vitamine D et inflammation[END_REF].

Our study showed that in our patient population vitamin D levels were inversely correlated with CRP. We may suppose that our population has a higher CRP level than that of the general population. But this cannot be verified in the absence of data of CRP levels in the overall French population and in the absence of CRP-us measurement in our patient cohort. But if this hypothesis were to be verified, it would support those studies which suggest that psychiatric conditions are related to inflammation. That vitamin D plays a role in inflammation has already been confirmed in the literature [START_REF] Miller | C-reactive protein levels in schizophrenia: a review and meta-analysis[END_REF][START_REF] Valkanova | CRP, IL-6 and depression: a systematic review and metaanalysis of longitudinal studies[END_REF]. This role explains the interest in studies of vitamin D levels in many pathologies. One might expect that, as in other pathologies, and because vitamin D affects the brain, it does not have a specific role in psychiatric conditions, but rather a non-specific effect by reduction of inflammation. This is in accord with recent findings of an inflammatory origin of psychiatric conditions .The meta-analysis of Chen et al. found that vitamin D supplementation was associated with a 1.08 mg/L reduction of CRP in the general population [START_REF] Chen | Effect of vitamin D supplementation on the level of circulating high-sensitivity C-reactive protein: a meta-analysis of randomized controlled trials[END_REF].

Our study raises questions on the measurement of vitamin D levels and on vitamin D supplementation in psychiatric conditions. In France the "Haute Autorité de Santé" accepts only 6 conditions in which vitamin D measurement is necessary [START_REF]Utilité clinique du dosage de la vitamine D[END_REF]. These are: suspicion of rachitism or osteomalacia; ambulatory follow-up of adult renal transplant patients 3 months after surgery; before and after bariatric surgery; evaluation and treatment of elderly patients with recurrent falling. Other than in these situations and knowing that 80% of the French population is deficient in vitamin D, the "Assurance Maladie", in accord with the "Haute Autorité de Santé" authorizes supplementation with vitamin D without measuring its plasma levels [START_REF] Maladie | Dosage de la vitamine D -Conditions de prise en charge par l'Assurance Maladie[END_REF]. It underlines that according to available data, no signs of vitamin D toxicity are observed with daily doses of below 10,00 IU. Therefore, even in our current lack of certainty concerning the role of vitamin D in psychiatric conditions, and knowing the widespread deficiency of vitamin D in France and elsewhere in the world, vitamin D supplementation should be used more widely in psychiatric patients and especially during the winter. Future studies should be undertaken to clarify the role of vitamin D in psychiatric conditions through its effect of diminishing inflammation or through its direct action on the nervous system.

Our study had several limitations. This is a retrospective study with extraction of data from computer files. Also at the time of the medical exam, it is possible that the patients did not remember properly all the relevant information, especially for the medical history and addictions. We chose to retain only the main psychiatric diagnosis in our study, but some patients had several psychiatric diagnoses. Failure to take into account these comorbidities may explain the lack of significance of certain results. The sun exposition and diet that change the vitamin D concentration could not be collected. The absorption of vitamin D varies according to skin color, but this variable was not available so we used the place of birth as a proxy.

In conclusion, this study found that patients hospitalized in psychiatry were more deficient in vitamin D than the general population. Vitamin D was correlated with schizophrenia in univariate analysis, 

  The vitamin D status was classified into three groups according to French National Nutrition Health Study 2006-2007: normal status (≥ 75 nmol/L); insufficiency (50 nmol/L ≤ 25(OH)D < 75 nmol/L); moderate deficiency (25 nmol/L ≤ 25(OH)D <50 nmol/L) ; and severe deficiency (25(OH)D <25 nmol/L) (Vernay et al. 2011).

Mean 25 (

 25 OH)D concentrations with their 95% confidence interval are reported in Table2for each variable. The p-value for 25(OH)D univariate analysis are in the "Statistical test " column. Ethnic origin, BMI, season, CRP and among medical conditions: diabetes, hypertension, dyslipidemia, cardiac history and cancer, were associated with 25(OH)D. Also, 25(OH)D varied with age when considering age category. Ethnic origin was associated with 25(OH)D. When compared with those born in metropolitan France, people born in North and Central and South Africa had significantly lower 25(OH)D levels (p-value = 0.01 and 0.045 respectively).
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