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Dermatologists should screen for depression/anxiety in hidradenitis suppurativa patients and refer them for psychiatric evaluation and appropriate treatment when necessary.

Introduction

Hidradenitis suppurativa (HS) is a chronic follicular occlusive disease involving the folliculopilosebaceous unit. Clinically, patients have recurrent inflamed follicular lesions, nodules and abscesses leading to draining sinus tract formation and severe scars in the intertriginous areas.

The association between certain chronic inflammatory skin diseases and psychiatric disorders has been widely studied. Systematic reviews or meta-analyses of the prevalence of depression or anxiety in psoriasis, alopecia areata (AA) and atopic dermatitis (AD) have been published [START_REF] Dowlatshahi | The prevalence and odds of depressive symptoms and clinical depression in psoriasis patients: a systematic review and meta-analysis[END_REF][START_REF] Fleming | The prevalence of anxiety in patients with psoriasis: a systematic review of observational studies and clinical trials[END_REF][START_REF] Lee | Comorbidities in alopecia areata: A systematic review and metaanalysis[END_REF][START_REF] Rønnstad | Association of atopic dermatitis with depression, anxiety, and suicidal ideation in children and adults: A systematic review and meta-analysis[END_REF] . A recent meta-analysis showed a positive significant association between HS and the risk of suicide [START_REF] Phan | Hidradenitis suppurativa and risk of suicide -systematic review and meta-analysis[END_REF] . Previous observational and registry studies on the prevalence of depression and anxiety in patients suffering from HS yielded divergent results [START_REF] Matusiak | Profound consequences of hidradenitis suppurativa: a review[END_REF] . A meta-analysis proposed prevalence rates of anxiety and depression respectively based on 4 and 10 observational studies in adult patients with HS [START_REF] Machado | Depression and Anxiety in Adults With Hidradenitis Suppurativa: A Systematic Review and Meta-analysis[END_REF] . First the exact magnitude of the association between HS and anxiety is still unknown, since the 4 studies included failed to establish an odds ratio. Second, the limited number of studies failed to test many factors that could affect prevalence. Third, numerous further studies have been published recently and hence a new meta-analysis would provide more accurate results. We aimed to make, therefore, a pooled estimate of the prevalence and odds of depression/anxiety in HS patients and to study the relationship between variations in prevalence and study characteristics.

Materials and methods

Literature search

The Items for the Reporting of Systematic Reviews and Meta-Analysis (PRISMA) were followed [START_REF] Liberati | The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration[END_REF] . In France, ethics approval is not required for this type of research.

Only articles with full text access were retained, those with access only to an abstract were excluded. The full-text articles were independently assessed for inclusion by LC and FR. If several papers analyzed data from the same cohort, we included the article with the most complete data.

All disagreements between the reviewers were adjudicated by consensus between three authors (FR, LC, IJ).

Data extraction

Two of the authors extracted and tabulated data and checked for accuracy (LC, FR). The data collected were sociodemographic (proportion of female included, mean age), medical (mean duration of HS, Hurley stage, proportion of smokers, number of patients/controls with depression/anxiety) and methodological (prospective or retrospective study, number of patients included, method of depression/anxiety assessment, presence of controls).

Risk of bias

Three authors (FR, LC, IJ) assessed the risk of bias for all studies with a specific instrument that has high interrater agreement in assessment of risk of bias in studies measuring disease prevalence [START_REF] Hoy | Assessing risk of bias in prevalence studies: modification of an existing tool and evidence of interrater agreement[END_REF] . Disagreements between the reviewers were adjudicated by consensus between three of the authors. We included all studies irrespective of their risk of bias.

Statistical analysis

Statistical analysis was performed with Stata software (version 13, StataCorp, College Station, TX). Study characteristics were summarized and reported as mean and standard-deviation for continuous parameters, and percentage for categorical variables.

The meta-analysis took into account between-and within-study variability. To address the nonindependence of data caused by study effect, random-effects models [START_REF] Dersimonian | Meta-analysis in clinical trials revisited[END_REF] were preferred over the usual statistical tests to evaluate the prevalence of anxiety and depression. For stratified analyses according to the diagnostic tool used and for comparison between cases and controls, the same statistical approach was adapted. Results were expressed as prevalence and 95% confidence intervals. Heterogeneity in the study results was assessed by examining forest plots and using I 2 statistic, which is the most common metric for measuring the magnitude of between-study heterogeneity and is easily interpretable. I 2 values range between 0% and 100% and are typically considered low for 25%, modest for 25% to 50%, and high for 50% [START_REF] Higgins | Measuring inconsistency in meta-analyses[END_REF] . Publication bias was assessed by funnel plots and confidence intervals. When possible (sufficient sample size), metaregressions were proposed to study the relationship between variations of prevalence and study characteristics such as assessment method, risk of bias, number and age of patients included, proportion of smokers and Hurley stage 3 patients included, and study design (prospective or retrospective). Results were expressed as regression coefficients (Estimated Coefficient [EC]) and 95%CI).

Finally, to verify the robustness of the results, sensitivity analyses were made excluding studies that were not evenly distributed around the base of the funnel. A sensitivity analysis was also performed to study the prevalence estimate only for those studies for which a case-control comparison was possible, to ensure representativeness in terms of prevalence of this subsample.

Results

A total of 356 and 120 articles on depression and anxiety, respectively, were identified. After screening of the titles and abstracts and removal of duplicates, 65 and 33 articles, respectively, remained and were submitted to full-text review. Of these articles, 37 on depression and 21 on anxiety were excluded. A total of 28 and 12 articles were included in the meta-analysis for depression and anxiety, respectively (Figure 1).

HS and Depression

The 28 studies selected for the meta-analysis of the prevalence of depression are given in Table 1 12-39 .

The meta-analysis revealed a high prevalence of depression in HS patients (21% [17-25]) with very wide variations (I 2 = 99.7%). Prevalence varied according to the diagnostic tool used, from 10% [5-15] in studies based on medical records and the ICD/DSM classification to 31% [26-36] in those involving self-administered questionnaires (Figure 2). These results were confirmed by a meta-regression analysis, which indicated that prevalence was significantly higher in surveys with self-administered questionnaires (EC 0.21 [0.12;0.30], p<0.001). Variations between the studies can also be explained by study design, with retrospective studies recording a lower prevalence than prospective ones (EC -0.09 [-0.19;-0.01], p=0.035) and by patient numbers, with studies including more than 500 patients recording a lower prevalence of depression (EC -0.15 [-0.25;-0.05], p=0.005). In contrast, patient age, proportion of smokers, proportion of Hurley stage 3 patients and bias risk had no effect on prevalence.

Analysis of the 10 case-control studies, comprising 78 129 patients and 14 086 989 controls, showed an association between depression and HS (OR 2.01 [1.67-2.48]) (Supplementary Figure 1). Even after exclusion of one study (using a self-administered questionnaire) for funnel plot publication bias (Supplementary Figure 2) the association was still present (OR 1.99 [1.63-2.43]) (Figure 3). Sensitivity analysis showed that the prevalence of depression in patients from the casecontrol studies was close to that observed in our meta-analysis (17% [10-24] before exclusion of the biased article and 15% [8-23] after exclusion).

HS and Anxiety

The 12 studies selected for the meta-analysis of the prevalence of anxiety are listed in Table

1 [START_REF] Shavit | Psychiatric comorbidities in 3207 patients with hidradenitis suppurativa[END_REF][START_REF] Humphries | Wide excision and healing by secondary intent for the surgical treatment of hidradenitis suppurativa: A single-center experience[END_REF][START_REF] Garg | Opioid, alcohol, and cannabis misuse among patients with hidradenitis suppurativa: A population-based analysis in the United States[END_REF][START_REF] Huilaja | Patients with Hidradenitis Suppurativa Have a High Psychiatric Disease Burden: A Finnish Nationwide Registry Study[END_REF][START_REF] Kimball | The Comorbidity Burden of Hidradenitis Suppurativa in the United States: A Claims Data Analysis[END_REF][START_REF] Thorlacius | Increased Suicide Risk in Patients with Hidradenitis Suppurativa[END_REF][START_REF] Tiri | Somatic and psychiatric comorbidities of hidradenitis suppurativa in children and adolescents[END_REF][START_REF] Butt | The associations of depression and coping methods on health-related quality of life for those with hidradenitis suppurativa[END_REF][START_REF] Nielsen | Pain perception in patients with hidradenitis suppurativa[END_REF][START_REF] Blanco | To what extent do disease severity and illness perceptions explain depression, anxiety and quality of life in hidradenitis suppurativa?[END_REF][START_REF] Zimman | Hidradenitis Suppurativa: Estimated Prevalence, Clinical Features, Concomitant Conditions, and Diagnostic Delay in a University Teaching Hospital in Buenos Aires, Argentina[END_REF][START_REF] Patel | Association between hidradenitis suppurativa and hospitalization for psychiatric disorders: a cross-sectional analysis of the National Inpatient Sample[END_REF] .

The meta-analysis showed anxiety to have a prevalence of 12% [6-17] in HS patients with very wide variations (I 2 = 99.9%). Prevalence varied according to the diagnostic tool used, from 6% [1-11] in studies based on medical records and the ICD/DSM classification to 25% [13-36] in those using self-administered questionnaires. (Figure 4). These results were confirmed by a metaregression analysis, which indicated that prevalence was significantly higher in surveys with selfadministered questionnaires (EC 0.19 [0.05;0.32], p=0.011). Variations between the studies can also be explained by study design, with retrospective studies recording a lower prevalence than prospective ones (EC -0.16 [-0.28;-0.04], p=0.012). Patient age, sample size, proportion of smokers included and bias risk had no effect on prevalence.

Analysis of the 7 case-control studies (all retrospective), comprising 77 712 patients and 100 994 135 controls, showed an association between anxiety and HS (OR 1.97 [1.65-2.35]) (Figure 5).

The results were similar irrespective of the diagnostic tool used. Sensitivity analysis showed that the prevalence of anxiety in patients from the case-control studies was close to that observed in our meta-analysis (9% [2-16]).

Discussion

Main findings

This study demonstrated a positive and significant association between HS and depression and anxiety. Additionally, it shows that the prevalence of both depression and anxiety varies according to the assessment method used (with prevalence being higher in studies using self-administered questionnaires), and study design (with prevalence being lower in retrospective studies).

Interpretation

Our meta-analysis was based on 28 studies of depression in 93935 patients and 12 studies of anxiety in 78326 patients. A previous paper analyzed depression in 10 studies involving 40307 patients (9 full text articles and 1 abstract) and anxiety in 4 studies involving 15533 patients (3 full text articles and 1 abstract) [START_REF] Machado | Depression and Anxiety in Adults With Hidradenitis Suppurativa: A Systematic Review and Meta-analysis[END_REF] . Of the 19 full text additional articles of depression incorporated in the present meta-analysis, 7 included controls, 11 were retrospective and used medical records, and 8 were prospective and based on self-administered questionnaires. The number of patients per study ranged from 17 to 32625. Of the 9 full text additional articles of anxiety incorporated in the present paper, 6 were retrospective and used medical records and 3 were prospective and based on self-administered questionnaires. The number of patients per study ranged from 17 to 24266.

Among the additional studies analyzed, 7 on depression and 5 on anxiety comprised pediatric patients. The inclusion of these publications provided an accurate and reliable estimate of the prevalence rates of depression /anxiety and their association with HS, and enabled us to assess various factors likely to affect prevalence such as sample size, study design and patient age.

We observed a higher overall prevalence of depression (21%) among patients with HS than in the general population [START_REF] Lim | Prevalence of Depression in the Community from 30 Countries between 1994 and 2014[END_REF][START_REF]American Psychiatrist Association. Diagnostic and Statistical Manual of Mental Disorders (DSM)[END_REF] . This overall prevalence of depression is slightly higher than that obtained in the paper of Machado et al. (17%). We determined a pooled OR for depression (1.99) that is close to that obtained by Machado [START_REF] Machado | Depression and Anxiety in Adults With Hidradenitis Suppurativa: A Systematic Review and Meta-analysis[END_REF] (1.84).

We observed a higher overall prevalence of anxiety (12%) among patients with HS than that obtained in a previous paper (5%) [START_REF] Machado | Depression and Anxiety in Adults With Hidradenitis Suppurativa: A Systematic Review and Meta-analysis[END_REF] . The 4 studies included by Machado et al. did not allow calculation of OR for anxiety. In our study the OR determined was 1.97, showing a positive and significant association between HS and anxiety.

There are several possible explanations of the increased association between HS and depression or anxiety. Pain, malodorous sweeting and decaying scars impair social and professional activity and affective and sexual life. HS significantly reduce quality of life [START_REF] Matusiak | Profound consequences of hidradenitis suppurativa: a review[END_REF][START_REF] Vinkel | Hidradenitis Suppurativa: Causes, Features, and Current Treatments[END_REF] , particularly in terms of mental health [START_REF] Alavi | Quality-of-life impairment in patients with hidradenitis suppurativa: a Canadian study[END_REF] . This is why a specific quality of life scale currently in development, the HS-QoL-v2 45 , includes items on emotional consequences such as depression and anger. In addition, HS has been associated with cigarette smoking and comorbidities such as inflammatory bowel diseases, cardiovascular diseases and obesity, which are themselves associated with depression and anxiety [START_REF] Matusiak | Profound consequences of hidradenitis suppurativa: a review[END_REF][START_REF] Vinkel | Hidradenitis Suppurativa: Causes, Features, and Current Treatments[END_REF] . Last, there is some evidence that inflammation could be a contributor to depression/anxiety comorbidity in inflammatory skin diseases [START_REF] Farzanfar | Inflammation: A Contributor to Depressive Comorbidity in Inflammatory Skin Disease[END_REF] .

We observed a high heterogeneity across studies for which we suggest several explanations. A major reason for the variation in prevalence rates for both depression and anxiety is the manner in which depression/anxiety is evaluated. The highest prevalence rates were seen in studies using self-report instruments, which are likely to overestimate the prevalence of depression or anxiety.

This tendency has been observed in the community [START_REF] Lim | Prevalence of Depression in the Community from 30 Countries between 1994 and 2014[END_REF] , in other chronic medical illnesses [START_REF] Krebber | Prevalence of depression in cancer patients: a meta-analysis of diagnostic interviews and self-report instruments[END_REF][START_REF] Boeschoten | Prevalence of depression and anxiety in Multiple Sclerosis: A systematic review and meta-analysis[END_REF] , in psoriasis and atopic dermatitis [START_REF] Dowlatshahi | The prevalence and odds of depressive symptoms and clinical depression in psoriasis patients: a systematic review and meta-analysis[END_REF][START_REF] Fleming | The prevalence of anxiety in patients with psoriasis: a systematic review of observational studies and clinical trials[END_REF][START_REF] Rønnstad | Association of atopic dermatitis with depression, anxiety, and suicidal ideation in children and adults: A systematic review and meta-analysis[END_REF] and in the paper of Machado et al. [START_REF] Machado | Depression and Anxiety in Adults With Hidradenitis Suppurativa: A Systematic Review and Meta-analysis[END_REF] . The appropriateness and different cut-off scores of the diagnostic tools to assess clinically significant symptoms could also have contributed to the very wide variations. More importantly, screening tools, compared to methods that use a formal diagnosis of depression/anxiety, can only reveal probable depression/anxiety. A structured clinical psychiatric interview represents the gold standard.

Meta-regression analyses showed that variations can also be attributed to study design and the number of patients included in the studies, with lower prevalence being found in retrospective surveys and in studies involving 500 patients or more. These two factors are closely linked to the method of assessment since retrospective studies are based on medical records and allow inclusion of more patients. We know that the prevalence rates in studies based on medical records are lower than in those using self-report instruments. In addition, the risk of false-negatives in these studies should not be underestimated: if there is not sufficient information about depression/anxiety or if the patient has not been assessed, the uncollected data will not be recorded.

Machado et al. showed no effect of risk of bias (with a scale often used for assessing risk of bias despite some limitations [START_REF] Stang | Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses[END_REF][START_REF] Hartling | Testing the Newcastle Ottawa Scale showed low reliability between individual reviewers[END_REF][START_REF] Luchini | Assessing the quality of studies in meta-analyses: Advantages and limitations of the Newcastle Ottawa Scale[END_REF] ) nor of patient age on the prevalence of depression (but the studies included had similar age-groups: 34.3 to 45.8 years). However, the use of a specific tool [START_REF] Hoy | Assessing risk of bias in prevalence studies: modification of an existing tool and evidence of interrater agreement[END_REF] and the integration of studies including children had no effect on prevalence in our meta-analysis. Other meta-regression analyses failed to explain prevalence variations, but for some factors the lack of data made it impossible to show any difference or to assess their effect on prevalence.

Prospective studies with large population-based samples based on a structured or semi-structured clinical psychiatric interview with a record of patients' dermatological data would make it possible to assess the specific prevalence of depression and anxiety disorders such as generalized anxiety, social anxiety, panic disorder and agoraphobia stating the prevalence period studied [START_REF] Gündel | High psychiatric comorbidity in spasmodic torticollis: a controlled study[END_REF][START_REF] Consoli | Low levels of emotional awareness predict a better response to dermatological treatment in patients with psoriasis[END_REF][START_REF] Uguz | Quality of life in patients with chronic idiopathic urticaria: the impact of Axis I and Axis II psychiatric disorders[END_REF][START_REF] Jalenques | High prevalence of psychiatric disorders in patients with skin-restricted lupus: a case-control study[END_REF][START_REF] Dhawan | The Prevalence of Psychiatric Comorbidity in Patients with Prurigo Nodularis[END_REF] .

Limitations

Our meta-analysis was conditioned by the limitations of the studies included. Most of the studies did not provide sufficient details about the patients enrolled, such as the respective proportions of children and adults, the severity of HS (only 9 of the 28 studies on depression and 2 of the 12 on anxiety mentioned the Hurley stage), smoking, and somatic comorbidities, which in certain patients had known associations with depression or anxiety. In the retrospective studies, data were collected over widely varying periods. In studies of alopecia areata it was observed in 50% of patients that psychiatric disorders preexisted before skin disease onset [START_REF] Chu | Psychiatric comorbidities in patients with alopecia areata in Taiwan: a case-control study[END_REF] . In contrast, in the HS studies included in the present work the time elapsed between the onset of depression or anxiety and that of HS was not given. Additionally, owing to lack of information in most of the studies included, we were unable to take into account psychological or pharmacological treatments that can modify mood or anxiety. Last, the variables retrieved from declarative data in some studies also represented a limitation.

Conclusion

This study shows that HS patients have a high burden of depression and anxiety. Prospective studies with large population-based samples based on a structured or semi-structured clinical psychiatric interview should now be performed to refine the analysis.

For the immediate future, however, our results show that clinicians need to be vigilant to the presence of depression or anxiety and to assess whether patients suffering from the conditions should be referred for psychiatric evaluation and appropriate treatment. The numbers on the left represent the number of articles on depression and those on the right on anxiety (n = Depression / Anxiety) Figure 2. Hidradenitis suppurativa. Meta-analysis of the prevalence of depression according to diagnostic tool. Figure 3. Hidradenitis suppurativa. Odds ratio meta-analysis of the association between depression and hidradenitis suppurativa. Figure 4. Hidradenitis suppurativa. Meta-analysis of the prevalence of anxiety according to diagnostic tool. Figure 5. Hidradenitis suppurativa. Odds ratio meta-analysis of the association between anxiety and hidradenitis suppurativa.

  article integrate into what was already known? Divergent results on psychiatric prevalence in patients with hidradenitis suppurativa have been published. • How does it change practice? These meta-analyses show a positive significant association between hidradenitis suppurativa and depression/anxiety. • That is, what does the article mean to the practice of dermatology and what should you do as a result of having read this article? What should change in the way you practice?

Figure 1 .

 1 Figure LegendsFigure 1. Hidradenitis suppurativa. Flow diagram of article selection for the meta-analysis (PRISMA 2009)The numbers on the left represent the number of articles on depression and those on the right on anxiety (n = Depression / Anxiety) Figure2. Hidradenitis suppurativa. Meta-analysis of the prevalence of depression according to diagnostic tool. Figure3. Hidradenitis suppurativa. Odds ratio meta-analysis of the association between depression and hidradenitis suppurativa. Figure4. Hidradenitis suppurativa. Meta-analysis of the prevalence of anxiety according to diagnostic tool. Figure5. Hidradenitis suppurativa. Odds ratio meta-analysis of the association between anxiety and hidradenitis suppurativa.
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4 High † Hidradenitis suppurativa severity was assessed according to the three Hurley stages. † † Other controls are patients of other dermatological diseases in two studies and patients with inflammatory bowel disease in one study. Only studies with healthy controls were included in the case-control comparison. † † † The total medical records include medical records with ICD/DSM classification and unspecified medical records in the following ratio: 4/5 for anxiety and 9/9 for depression respectively. Mean age of patients and mean duration of hidradenitis suppurativa are reported in years.