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Abstract

Background

Skin-restricted lupus is a chronic inflammatory disease associated with high rates of depres-
sion and anxiety disorders. Patients without psychiatric disorders can experience anxiety
and depressive symptoms at a subclinical level, which could be risk factors for progression
towards psychiatric disorders. It was decided, therefore, to investigate the presence of spe-
cific symptoms in skin-restricted lupus patients without axis | psychiatric disorders and their
impact on the occurrence of axis | psychiatric disorders during the study follow-up.

Methods

Longitudinal data of 38 patients and 76 matched controls without active axis | psychiatric dis-
orders from the LuPsy cohort were used. Depressive, neurovegetative, psychic and somatic
anxiety symptom scores were established from the Montgomery-Asberg Depression Rating
Scale (MADRS) and the Hamilton Anxiety Rating scale (HAMA).

Results

None of the participants had any current active axis | psychiatric disorders but the patients
had personality disorders more frequently and had received more past psychotropic treat-
ments than the controls. They also had higher MADRS and HAMA scores than the controls,
in particular neurovegetative, psychic anxiety and somatic symptoms scores. No dermato-
logical factor tested was associated with these scores, whereas being a lupus patient was
associated with higher neurovegetative and somatic symptoms scores, having a current
personality disorder with higher depressive and neurovegetative scores and receiving more
past psychotropic treatments with psychic anxiety and somatic symptoms scores. The
occurrence of psychiatric disorders during the study follow-up was associated with an
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elevated psychic anxiety score at baseline and past psychotropic treatment but not with his-
tory of psychiatric disorder.

Limitations

The LuPsy cohort included a large number of patients with axis | psychiatric disorders, the
sample without axis | psychiatric disorders is therefore limited.

Conclusions

We observed numerous psychiatric symptoms among the skin-restricted lupus patients.
They should therefore receive special attention in the management of their subclinical symp-
toms before they progress towards full psychiatric disorders.

Introduction

Skin-restricted lupus (SRL) is a chronic inflammatory disease characterized by many elevated
cytokines [1]. SRL includes discoid lupus erythematosus (DLE), lupus tumidus (LT) and sub-
acute cutaneous lupus erythematosus (SCLE). It is associated with high rates of depression and
anxiety disorders [2, 3] as in other chronic inflammatory diseases such as psoriasis, alopecia
areata, atopic dermatitis, systemic lupus erythematosus, inflammatory bowel disease, multiple
sclerosis and rheumatoid arthritis [4-9]. All these diseases are characterized by longstanding
systemic inflammation that, in vulnerable patients, can cause neuroinflammation and lead to
depression and anxiety [10, 11]. Individuals can be considered vulnerable on the basis of
genetic predisposition, psychiatric history or an exacerbated immune response [12]. In this
inflammatory context, other patients can develop anxious and depressive symptoms that are
not severe enough to meet DSM criteria for depression and anxiety disorders but which corre-
spond to subclinical disorders [13, 14]. These subclinical disorders could be risk factors for
progression towards genuine depression and anxiety disorders [13, 15]. It would therefore be
useful to identify specific symptoms associated with chronic inflammatory diseases. Addition-
ally, interventions in preventing progression may be of interest [16].

The first mention of the depressive and anxious effects of inflammation were made in a
study of interferon therapy [17]. A later study described the chronology of symptom onset in
interferon-treated patients, who first developed neurovegetative and somatic symptoms and
then anxious and depressive symptoms [18]. Since then, many studies have looked for links
between inflammation and depressive symptoms, including in chronic inflammatory diseases
[4,6,8,9,19].

Additionally, inflammation and depressive symptoms were observed in association in
obese men and in diabetic patients [20, 21]. In acute coronary heart disease patients with no
history of depression, inflammation was associated with somatic symptoms [22]. In the same
study, a longitudinal association was also found between inflammation and anxious symptoms
[22].

In the present exploratory study, we used longitudinal data to investigate the presence of
depressive, psychic anxiety, neurovegetative and somatic symptoms in SRL patients without
current active axis I psychiatric disorders. First, we compared baseline symptom scores in
patients and controls, looking for associated factors, and second, we attempted to identify risk
factors in patients who developed psychiatric disorders during follow-up.
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Methods

Data from the studies of the LuPsy cohort were used for this analysis. This cohort comprised
80 consecutive outpatients with chronic SRL (DLE and LT) or SCLE and 160 healthy control
subjects without a history of lupus recruited among volunteers from a clinical research centre
and workers in public hospitals, the national railway company and administrative personnel of
the state education system. As reported elsewhere, the LuPsy studies were performed to com-
pare the baseline prevalence of psychiatric and personality disorders in SRL patients and sex-,
age-, and education level-matched controls [3, 23]. The cohort was approved by the local ethics
committee (Comité de Protection des Personnes Sud-Est 6, reference 2008-A00343-52 /
AU740, 18 June 2009). After presentation of the objectives and procedures of the study, all par-
ticipants provided their written informed consent.

Participants

As the objective of this study was to investigate the presence of psychiatric symptoms in SRL
patients without active axis I psychiatric disorders, all patients of the LuPsy cohort with current
axis I psychiatric disorders according to the Mini International Neuropsychiatric Interview
(MINI 5.0.0) [24, 25] at baseline were excluded from the study, leaving 38 patients. They were
matched for gender, age (plus or minus 5 years) and level of education with 76 healthy controls
without active axis I psychiatric disorders from the LuPsy cohort. The patients were followed
for 2 years with a visit every 6 months (5 visits in total) including both a dermatological and a
psychiatric evaluation. Controls had no follow-up.

Dermatological evaluation

The dermatologist determined the location and number of the lesions and the Cutaneous
Lupus Erythematosus Disease Area and Severity Index score (CLASI) [26], whenever possible.
The date of the first symptoms of the SRL, the consumption of tobacco and the past and

current specific treatments were collected.

Psychiatric evaluation

The past and current axis I psychiatric disorders were explored by a psychiatrist using a struc-
tured interview, the MINI 5.0.0 [25]. The 99-item self-report Personality Diagnostic Question-
naire 4+ (PDQ-4") was used to assess personality disorders. In its latest version, the clinical
significance scale of the PDQ-4" (CSS) which is an individual directive interview, allowed the
psychiatrist to confirm or not the specific diagnosis of personality disorder suggested by a
required number of positive criteria [27-29]. The psychiatric assessments could not be per-
formed without perceiving the case-control status since most patients presented with skin
lesions on a visible area.

Symptom scoring

The psychiatrist also recorded scores from the Montgomery-Asberg Depression Rating Scale
(MADRS) [30] and the Hamilton Anxiety Rating scale (HAMA) [31]. Depressive, neurovege-
tative, psychic anxiety and somatic symptom scores were calculated by adding the scores of the
following selected items: (1) apparent sadness, reported sadness, inability to feel, pessimistic
thoughts and suicidal thoughts from the MADRS for depressive symptoms; (2) reduced sleep,
reduced appetite and lassitude from the MADRS for neurovegetative symptoms; (3) anxious
mood, tension, fears and behavior at interview from the HAMA scale for psychic anxiety
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symptoms and (4) muscular, sensory, cardiovascular, respiratory, gastrointestinal and genito-
urinary symptoms also from the HAMA scale for somatic symptoms.

Data management

Study data were collected and managed with Research Electronic Data Capture (REDCap)
tools hosted at Clermont-Ferrand University Hospital [32]. The raw data supporting the con-
clusions of this manuscript are available at Mendeley [33].

Statistical analysis

Statistics were computed with STATA V15 (Stata Corp, College Station, Texas, USA).

The study sample was described by frequencies and percentages for categorical data and by
means + standard deviations (or median and interquartile range when data not normal) for
continuous data. Normality was assessed graphically and using Shapiro Wilk’s test. Patients
and controls were compared by Student’s t-test (or Mann & Whitney test when data not nor-
mal) for continuous data and by chi-squared test (or Fisher’s exact test when appropriate) for
categorical data.

Depressive, neurovegetative, psychic anxiety and somatic symptom scores were compared
in all participants according to sociodemographic and psychiatric factors and in patients
according to dermatological factors by Mann & Whitney test for categorical data and by Spear-
man correlation coefficient for continuous data, in order to determine the associated factors.

Multivariate analyses of factors associated with the symptom scores were performed by
multiple generalized linear regression, taking the group (patients vs controls) as main covariate
and selecting other covariates, based on clinically relevant factors or statistically significant fac-
tors shown in univariate analysis. Results are shown as regression coefficient estimates and
their 95% Confidence Interval (CI).

Those analyses were performed on the subgroup of patients using the same methods, to
compare patients with and without occurrence of a psychiatric disorder during the follow-up.
These analyses were completed by a factor analysis on mixed data using the dudi.mix function
of the ade4 package in R (http://cran.r-project.org/web/packages/ade4/index.html) to visualize
difference in patient’s baseline profile according to the occurrence or not of a psychiatric disor-
der during the follow-up. The parameters considered in this analysis were those that could
impact the development of psychiatric disorder and were determined based on the univariate
results, author’s experience and clinical relevance among sociodemographic (age, gender,
smoking status), dermatological (number and size of lesion, type of lupus, medication) and
psychiatric data (history, medication, consultation, symptom scores). Quantitative data were
centered and scaled and qualitative data were converted into binary variables.

All tests were two-sided and a p-value <0.05 was considered statistically significant.

Results
Participant characteristics

The characteristics of the participants without current active axis I psychiatric disorders are
similar to the whole LuPsy cohort and are given in Table 1. Briefly, patients were predomi-
nantly women (82%) and smokers (54%) with a mean age of 46.0 + 15.4 years and median dis-
ease duration of 6.2 years [3.8-10.8]. Twenty eight (74%) patients had chronic lupus and 12
(26%) a subacute form. Twenty five patients (68%) had lesions on a visible area of the body.
Thirty three patients (87%) were receiving treatment for lupus and 7 (18%) a psychotropic
medication.
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Table 1. Participant characteristics.

Patients Controls pValue
N=38 N=76
Sex (Female) 31(82) 62 (82) 1.000
Age 46.0 £ 154 46.5+15.3 0.853
Smokers 50 (54) 15 (19) < 0.001
Medical comorbidities’ 17 (45) 35 (46) 0.894
Lupus type
Chronic cutaneous 28 (74)
Subacute 12 (26)
Lupus duration, years 6.2 [3.8-10.8]
Largest lesion size, cm? 1.5 [0.2-5.5]
Number of lupus lesions 2.0 [1.0-4.0]
Number of affected areas 1.0 [1.0-2.5]
Pruritus or burning sensations 17 (46)
CLASI"
Activity 3.0 [0.5-4.0]
Damage 1.0 [0.0-2.0]
Lesions on visible areas™" 25 (68)
Current lupus treatment 33 (87)
Synthetic antimalarials 14 (37)
Thalidomide 12 (32)
Topical steroids 7 (18)
Current psychotropic treatment 7 (18)
Antidepressant 5(13)
Anxiolytic 4(11)
Hypnotic 1(3)
Current psychiatrist consultation 0
Current personality disorder T 11 (32) 11 (14) 0.030
Cluster A 4 (11) 5(7) 0.472
Cluster B 0 3(4) 0.550
Cluster C 6 (16) 8 (11) 0.381
Depressive 2 (5) 3(4) 0.746
Passive-aggressive (Negativistic) 0 0
Past psychiatric disorder 19 (50) 29 (38) 0.227
Past psychotropic treatment 19 (50) 18 (24) 0.005
Antidepressant 9 (24) 10 (13) 0.155
Anxiolytic 14 (37) 11 (14) 0.007
Hypnotic 6 (16) 2(3) 0.016
Past psychiatrist consultation 6 (16) 12 (16) 1.000
Baseline MADRS score 3[1-8] 1[0-3] 0.005
Baseline HAMA score 7 [2-12] 3 [1-5] 0.001

Results are presented as N (%), mean + SD or median [inter quartile range].

Bold values indicate significant results with a p-value < 0.05.

" The main comorbidities are cardiovascular diseases, which affect 19 participants (8 patients and 11 controls), digestive diseases (4 patients and 8 controls),
musculoskeletal, and connective tissue diseases (5 patients and 6 controls) and tumors (3 patients and 7 controls).

™ Value for 26 patients

T A total of 23 areas were considered: face, neck, collar, ears, scalp, anterior and posterior sides of the chest, abdomen, lumbar area, left and right arms, left and right
forearms, palmar sides of left and right hands, dorsal sides of left and right hands, left and right thighs, left and right legs, dorsal sides of left and right feet.

177 14 missing data

https://doi.org/10.1371/journal.pone.0282079.t001
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The patients included more commonly smokers (54% vs 19%, p<0.001), had more fre-
quently personality disorders (32% vs 14%, p = 0.030) and had received more past psychotro-
pic treatment (50% vs 24%, p = 0.005) than controls. Unlike the controls, none of the patients,
even among those who had a psychotropic treatment, had recently consulted a psychiatrist.
Finally, patients had no more other medical comorbidities.

MADRS, HAMA and symptom scores

None of the participants had any current active axis I psychiatric disorders but the patients
recorded higher MADRS and HAMA scores than controls, in particular for neurovegetative,
psychic anxiety and somatic symptoms (Fig 1 and Table 1). In contrast, the difference in the
depressive symptom scores between patients and controls was non-significant (p = 0.092, Fig
1). The highest total MADRS and HAMA scores for patients were 19 and 24, respectively.
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Fig 1. Comparison of MADRS, HAMA and symptom scores between patients and controls. Patients (in black) had significantly higher scores than controls
(in white) for MADRS and HAMA total scores and for neurovegetative, psychic anxiety and somatic symptom scores. Scores are presented as Box plot with
interquartile range and 95% confidence interval. Median and mean scores are presented as red line and red cross respectively. *p < 0.05 and ** p < 0.01. NS,

non-significant.

https://doi.org/10.1371/journal.pone.0282079.9001
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Factors associated with symptom scores in all participants

Each symptom score was compared according to sociodemographic and psychiatric character-
istics to identify associated factors. The main factors identified were current personality disor-
ders and past psychotropic treatment: participants with current personality disorders had
higher depressive and psychic anxiety symptom scores than participants without (2 [0-4] vs 0
[0-0], p<0.001 and 2.5 [1-5] vs 1 [0-2], p = 0.009, respectively) and participants who had
received psychotropic treatment had higher psychic anxiety and somatic symptom scores (2
[1-4] vs 1 [0-2], p=0.001 and 2 [1-6] vs 1 [0-2], p = 0.004, respectively). Remarkably, no
tested factor modified the neurovegetative symptom score (S1 Table).

To understand why patients had higher scores than controls and to identify the factors
responsible for the differences, we performed multiple generalized linear regression using the
study population (patients vs controls) and the previously identified factors (current personal-
ity disorders and past psychotropic treatment) as covariates. The results are presented in
Table 2. The depressive symptom score was related to the presence of a current personality dis-
order whereas the neurovegetative symptom score was affected only by patient status and thus
no other factor affected the score. Several factors affected the psychic anxiety, including being
a SRL patient, having received psychotropic treatment in the past and having a current person-
ality disorder. The somatic symptoms score was only associated with having received past psy-
chotropic treatment.

Factors associated with symptoms scores in patients

Because being an SRL patient was related to neurovegetative, psychic anxiety and somatic
symptoms scores, we investigated whether dermatological factors affected these scores. We
found no such association (S2 Table). The same psychiatric factors, mentioned above, were
related to patients’ scores (personality disorder, current antidepressant and past psychotropic
treatments). Among the patients, women had higher scores for neurovegetative and somatic
symptoms (S2 Table).

These identified factors were included in a multiple generalized linear regression to
assess their impact on symptoms scores. The results confirmed that the depressive symp-
toms score was only related to the presence of a current personality disorder (Coefficient
estimates (CE) [95% CI]J, 2.05 [0.75; 3.35], p = 0.003). Interestingly, female patients had a
higher neurovegetative symptom score (CE 1.99 [0.21; 3.77], p = 0.030), and patients with
current antidepressant medication had a high psychic anxiety symptom score (CE 3.49
[0.43; 6.55], p = 0.027). In contrast, no factor in this model significantly modified the
somatic score in SRL patients.

Table 2. Associated factors with symptom scores in all participants.

Depressive symptoms Neurovegetative symptoms Psychic anxiety symptoms Somatic symptoms
Patients 0.35 [-0.28; 0.97] 1.03 [0.24; 1.81]* 0.97 [0.12; 1.82]* 1.01 [-0.17; 2.18]
Current personality disorder 1.46 [0.77; 2.14]*** 0.18 [-0.69; 1.04] 1.06 [0.13; 1.99]* 0.55 [-0.74; 1.85]
Current psychotropic treatment -0.31 [-1.65; 1.04] -0.14 [-1.83; 1.55] 1.67 [-0.16; 3.50] 1.17 [-1.37; 3.71]
Past psychotropic treatment 0.42 [-0.17; 1.02] 0.18 [-0.57; 0.93] 0.94 [0.12; 1.785]* 1.64 [0.51; 2.76]**

Multiple generalized linear regression provided coefficient estimates (CE) and 95% confident interval [95% CI]. Results are presented as CE [95% CI].
* p<0.05

** p<0.01

*** p<0.001

https://doi.org/10.1371/journal.pone.0282079.t002
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Psychiatric evolution and associated baseline factors

Longitudinal data were unavailable for 5 of the patients; the other 33 underwent 4.2 assess-
ments on average, with an average follow-up of 21.9 + 5.9 months. Twenty-five (76%) patients
completed the last assessment at 24 months. The distribution of patientss MADRS and HAMA
scores was stable during follow-up (S1 Fig). Nine patients (27%) had a depressive or anxious
disorder during follow-up: three depressive disorders (including one with anxiety disorder),
two dysthymia, one suicide risk, two panic disorders and one social phobia. The psychiatric
diagnosis was made at 12.8 + 6.4 months of follow-up, at which time they were 47.0 + 18.1
years old with lupus disease duration of 7.1 + 4.8 years. The Fig 2A showed the correlation cir-
cle of the variables used in the factor analysis on mixed data. The first axis, which represented
24.7% of the variance of the data considered in the analysis, was more linked to the sex,
HAMA and MADRS scores, whereas the second axis, with 15.3% of the variance, were more
associated with the presence of past psychiatric disorder, of lupus or psychiatric medications.
The Fig 2B revealed that the patients who developed a psychiatric disorder during the follow-
up had a distinctive baseline profile than those who did not develop such disorders. These two
profiles were mainly marked by different HAMA scores, with higher scores for the patients
who developed a psychiatric disorder during the follow-up. Comparison of patients according
to the occurrence or not of a psychiatric disorder confirmed that patients who developed a psy-
chiatric disorder had higher psychic anxiety symptom scores at baseline (S3 Table). Although
they had higher scores overall the only significant increases were in the psychic anxiety symp-
tom scores (4 [3-6] vs 1.5 [0-3.5] p = 0.008) and the total HAMA scores (18 [6-21] vs 4.5 [1-
10], p = 0.012) (Fig 3 and S3 Table). These patients had also received more past psychotropic
treatment (hypnotic) (53 Table). Four (44%) of the 9 had a psychiatric history but did not dif-
fer from those who had not developed psychiatric disorders during follow-up (S3 Table).

Discussion

This cohort study indicated that SRL patients have a high prevalence of anxious and depressive
symptoms. We show for the first time that even patients without current active axis I psychiat-
ric disorders experience these symptoms and that over a 2-year follow-up period psychic anxi-
ety symptoms at baseline were associated with the occurrence of psychiatric disorders.

Although the SRL patients were not suffering from established axis I psychiatric disorders
they had higher depression (MADRS) and anxiety (HAMA) scores than the controls. Some of
the scores were very high, in certain cases close to those of patients with confirmed depressive
or anxious disorders, which is evidence of subclinical psychiatric symptoms. The scores were
significantly higher for somatic, neurovegetative and psychic anxiety symptoms but only
tended towards significance for depressive symptoms. The depressive and psychic anxiety
symptoms scores were associated with personality disorders, which was unsurprising given the
strong comorbidity of the disorders [34, 35]. However, in the patient group, depressive symp-
toms were associated only with personality disorders. Thus, the non-significant increase in
depressive symptoms scores of the patients can be explained by a greater occurrence of person-
ality disorders. For the other symptoms, various factors could be involved in the difference in
scores between the patients and controls.

The psychic anxiety symptoms score was also related to past psychotropic treatment, as was
the somatic symptoms score, but not to previous psychiatric disorders. Indeed, although the
patients had a larger past consumption of psychotropic drugs they did not have a greater num-
ber of previous psychiatric disorders. In contrast, few patients, in comparison to controls, had
consulted a psychiatrist. This could explain why patients who had no psychiatric disorders but
only subclinical, mainly anxiety and somatic, symptoms, were prescribed psychotropic drugs.
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Fig 2. Baseline profile of patients who developed a psychiatric disorder during the 2-years follow-up. A:
Correlation circles obtained with factor analysis showed the correlation between the variables. The shorter vectors
represented variables with weak correlations and less contribution to the axis (axis 1 = 24.7% of the variance and axis
2 =15.3%). B: Patients representation (one point for each patient) showing 2 clusters: one with psychiatric disorder
during follow-up (1, blue) and another without psychiatric disorder (0, red). The variables most involved in these two
clusters were all HAMA scores.

https://doi.org/10.1371/journal.pone.0282079.g002

This result was confirmed in patients whose psychic anxiety symptoms score was associated
with antidepressant treatment undergone during the study period. Interestingly, while most
controls who were taking psychotropic drugs had consulted a psychiatrist no patient had.
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Fig 3. Comparison of baseline MADRS, HAMA and symptom scores in patients according to the occurrence or not of a psychiatric disorder. Patients
who developed a psychiatric disorder are presented in blue (labelled psychiatric disorder), patients who never developed a psychiatric disorder during the
follow-up are presented in red (labelled no psychiatric disorder). Baseline scores are presented as Box plot with interquartile range and 95% confidence interval.
Median and mean scores are presented as red line and black cross respectively. Significant different: *p < 0.05 and ** p < 0.01.

https://doi.org/10.1371/journal.pone.0282079.g003

These findings are consistent with those for the general population in France, which show
widespread psychotropic drug use in individuals with no established psychiatry disorders [36].
The search for past psychiatric disorders was carried out through a psychiatric interview using
the MINI, a method which is considered the gold standard. However, we cannot exclude
defects in the recall of the disorders, or the psychotropic treatments or the psychiatrist
consultations.

Being an SRL patient was related to high neurovegetative and psychic anxiety symptoms
scores, irrespective of the other factors tested. Of these, the only significant factor was the neu-
rovegetative score. These results suggest that SRL plays a role in the occurrence of these symp-
toms, possibly via chronic inflammation since no other dermatological factor had any effect.
Several studies reported that all patients on interferon-o. therapy had neurovegetative
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symptoms [37, 38] and others that these symptoms were correlated with the level of inflamma-
tion [39]. In the latter report, Jokela et al. point to the correlation between C-reactive protein
(CRP) and sleep problems, tiredness and changes in appetite, the specific neurovegetative
symptoms of depression. Other studies on inflammation evidenced an increase in anxious and
somatic symptoms [40, 41]. Unfortunately, we are unable to confirm with certainty the precise
effect of inflammation on these symptoms because biological data are not available. However,
none of the dermatological factors tested were associated with the different symptoms and
thus the hypothesis of inflammation could be envisaged. A link between inflammation and
psychiatric symptoms has already been established in other chronic inflammatory diseases
such as SLE [42], psoriasis [43], ulcerative colitis [44], diabetes [20] and obesity [21].

Our results showed a sex-related difference in the patient group in neurovegetative symp-
toms, which were more common among females. Still under the hypothesis of a role of inflam-
mation, other studies have reported differences according to sex, notably in somatic symptoms
in acute coronary heart disease [22]. In obese patients, inflammation was associated with
depressive symptoms solely in the male participants [21] and in a model of inflammation
induced by lipopolysaccharide, the women had more cytokines and more anxiety symptoms
[41]. These findings suggest there are biological differences between women and men in the
relationship between inflammation and psychiatric symptoms that could be explained by dif-
ferences observed in inflammation [45, 46] and in depression and anxiety [47].

Our study also showed that the occurrence of psychiatric disorders was associated with
high baseline symptom scores and with past psychotropic treatment. As mentioned above, the
patients who were prescribed psychotropic drugs to alleviate their symptoms were nevertheless
not suffering from more numerous psychiatric disorders nor had greater recourse to psychiat-
ric consultations. A more detailed analysis shows that these patients had received more hyp-
notic drugs, in all likelihood for sleep disturbance, which is a neurovegetative symptom, and
more antidepressants, which are effective against depressive, anxious and somatic symptoms
[18]. Immunotherapy studies have shown that the development of depressive and anxious dis-
orders are related to high depressive and anxious symptoms scores before the initiation of
treatment [37, 38, 48]. These findings were confirmed in the present observational study of
SRL patients. They also support the hypothesis of the “switch in vulnerable patients”, in which
depressive, neurovegetative and anxious symptoms related at the outset to inflammation sub-
sequently lead to psychiatric disorders [12]. In chronic diseases, depression is a factor associ-
ated with poor quality of life, exacerbation of symptoms and increased hospital admissions
and mortality rates [11]. It is therefore necessary to identify patients at risk and to tailor their
management so as to limit the occurrence of psychiatric disorders. Antidepressants, which are
effective against depressive, anxious and somatic symptoms [18], could achieve this aim and at
the same time, probably owing to their anti-inflammatory action, exert a beneficial effect on
dermatological disorders [49, 50]. Another study also showed that the CRP level could be
taken into consideration in the choice of antidepressant [51]. These findings show that psychi-
atric disorders are not always associated with an increase in inflammation but, if that is the
case, particularly in certain chronic inflammatory diseases, their management and treatment
need to be adapted. The results of the present study are in line with those from the works cited
above: high psychic anxiety symptoms scores were associated with past psychotropic treatment
(mainly anxiolytics and hypnotics that are mostly prescribed by general practitioners in
France) and the occurrence of psychiatric disorders during the follow-up period. However,
only two of the nine patients who developed a psychiatric disorder had been receiving antide-
pressant drug.

Our post-hoc analysis hypothesized that the presence of psychiatric symptoms in SRL
patients could have been due to the effects of inflammation but the initial cohort study had not
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included a biological assay thus it was not possible to study such link via a biological analysis.
However, our study was performed in the context of chronic inflammatory disease with
increased cytokine production [1] and no other dermatological factor tested was associated
with the different symptoms.

Many studies in the past used only overall scale scores and numerous others depression
scales: publications on anxiety are rarer and more recent. In addition, many scales are designed
to measure depressive and anxious symptoms but they do not all rate the same ones, and the
symptoms are not always classified in the same manner. In our study, for example, we desig-
nated sleep problems, tiredness and changes in appetite as neurovegetative symptoms whereas
Jokela et al. referred to them as “specific symptoms of depression” [39]. These discrepancies
make it difficult to meaningfully compare studies. We used the MADRS for depressive and
neurovegetative symptoms and the HAMA scale for psychic anxiety and somatic symptoms so
as to cover all the symptoms as widely as possible using validated tools. Only the cognitive
domain could not be studied, owing to the lack of data (there was just one cognitive item on
each scale).

Because of the limited number of patients enrolled in the study it was not possible to per-
form multivariate analysis of the factors associated with the occurrence of psychiatric disorders
during the follow-up. Nevertheless, the results were sufficient to evidence a greater presence of
symptoms in the SRL patients with no axis 1 psychiatric disorders than in the healthy matched
controls.

Besides the limited number of SRL patients enrolled in the study, we note differences at
baseline between patients and controls concerning current personality disorders and past anxi-
olytic and hypnotic treatments. Moreover, the follow-up was not identical for all the patients
since only 76% of them attended the last visit, which could have led to an underestimation of
the development of axis I psychiatric disorders; however, it is important to emphasize that
there were no differences between them regarding the MADRS and HAMA scores at baseline.

In conclusion, this study shows that SRL patients who were not suffering from current
active axis I psychiatric disorders nevertheless experienced numerous neurovegetative, somatic
and psychic anxiety symptoms. Those with marked symptoms of psychic anxiety were at risk
of developing ulterior psychiatric disorders. This particular patient group should be closely
monitored and their subclinical symptoms carefully managed before they progress towards a
full psychiatric disorder.

Supporting information

S1 Fig. Patients’ MADRS and HAMA scores during the follow-up. Patients with high
MADRS scores (extreme values) were not the same across visits.
(DOCX)

S1 Table. Factors affecting symptom scores in participants. Symptoms scores are presented
as median [interquartile range]. " For age, spearman rho coefficients are presented.
*Significantly different, p<0.05; ** p<0.01 and *** p<0.001.

(DOCX)

S2 Table. Factors affecting symptom scores in patients. Symptoms scores are presented as
median [interquartile range]. " Spearman rho coefficients are presented. *Significantly differ-
ent, p<0.05; ** p<0.01 and *** p<0.001.

(DOCX)

S3 Table. Factors associated with occurrence of psychiatric disorders in skin-restricted
lupus patients. Results are presented as N (%), mean + SD or median [inter quartile range].

PLOS ONE | https://doi.org/10.1371/journal.pone.0282079 March 1, 2023 12/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0282079.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0282079.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0282079.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0282079.s004
https://doi.org/10.1371/journal.pone.0282079

PLOS ONE

Psychiatric symptoms without psychiatric disorders in skin-restricted lupus

Bold values indicate significant results with a p-value < 0.05. " 3 missing values. " Value for
21 patients. "'" A total of 23 areas were considered: face, neck, collar, ears, scalp, anterior and
posterior sides of the chest, abdomen, lumbar area, left and right arms, left and right forearms,
palmar sides of left and right hands, dorsal sides of left and right hands, left and right thighs,
left and right legs, dorsal sides of left and right feet.

(DOCX)

Acknowledgments

The authors thank J. Watts for advice on the English version of the manuscript and gratefully
acknowledge the contributions of the LuPsy Cohort investigators:

Francois Aubin (Franche Comté University, Besangon University Hospital, Department of
Dermatology, Besangon, France), Christophe Bedane (Department of Dermatology, Hopital
Dupuytren, Limoges, France), Sophie Bonnefond (Department of Psychiatric Emergencies,
Esquirol Hospital, Limoges, France), Myriam Chastaing (Department of Liaison Psychiatry
and Department of Dermatology, Brest University Hospital, Brest, France), Marianne Col-
lange (Department of Adult Psychiatry and Medical Psychology, Clermont-Ferrand University
Hospital, Clermont-Ferrand, France), Patrick Combemale, Denys Courbier (Desgenettes
Army Training Hospital, Lyon, France), Carole Durand (Department of Adult Psychiatry and
Medical Psychology, Clermont-Ferrand University Hospital, Clermont-Ferrand, France), Jean
Paul Grand (Le Valmont Hospital, Emergencies and Liaison Psychiatry, Valence General Hos-
pital, Valence, France), Emmanuel Haffen (Department of Clinical Psychiatry, INSERM, Uni-
versity hospital of Besangon, Besan¢on, France), Bruno Labeille (Department of Dermatology,
Nord University Hospital, Saint-Etienne, France), Catherine Massoubre (Department of Psy-
chiatry, St-Etienne University Hospital, University Jean Monnet, St-Etienne, France), Laurent
Misery (University Hospital of Brest, Department of Dermatology and University of Western
Brittany, Laboratory of Neurosciences of Brest, Brest, France), Jean-Luc Perrot (Department
of Dermatology, Nord University Hospital, Saint-Etienne, France), Anne Laure Pontonnier
(Department of Adult Psychiatry and Medical Psychology, Clermont-Ferrand University Hos-
pital, Clermont-Ferrand, France), Robert Schwan (University Hospital of Psychiatry and Psy-
chotherapy, Laxou, France), Frangois Skowron (Department of Dermatology, Valence
Hospital, Valence, France), Agneés Sparsa (Department of Internal Medicine, Clinic Mutualiste
Catalane, Perpignan, France), Gaélle Theilhol (Department of Adult Psychiatry and Medical
Psychology, Clermont-Ferrand University Hospital, Clermont-Ferrand, France), Julie Waton
(Department of Dermatology, Nancy University Hospital, Nancy, France).

Author Contributions

Conceptualization: Fabien Rondepierre, Michel D’Incan, Sophie Lauron, Isabelle Jalenques.
Data curation: Urbain Tauveron-Jalenques, Soléne Valette.

Formal analysis: Fabien Rondepierre, Aurélien Mulliez.

Funding acquisition: Michel D’Incan, Isabelle Jalenques.

Investigation: Sophie Lauron.

Methodology: Fabien Rondepierre, Aurélien Mulliez, Sophie Lauron.

Project administration: Fabien Rondepierre.

Resources: Michel D’Incan.

PLOS ONE | https://doi.org/10.1371/journal.pone.0282079 March 1, 2023 13/16


https://doi.org/10.1371/journal.pone.0282079

PLOS ONE

Psychiatric symptoms without psychiatric disorders in skin-restricted lupus

Software: Fabien Rondepierre.

Supervision: Sophie Lauron, Isabelle Jalenques.

Validation: Isabelle Jalenques.

Writing - original draft: Fabien Rondepierre, Isabelle Jalenques.

Writing - review & editing: Aurélien Mulliez, Michel D’Incan, Sophie Lauron.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

Robinson ES, Werth VP. The role of cytokines in the pathogenesis of cutaneous lupus erythematosus.
Cytokine. 2015; 73(2):326-34. https://doi.org/10.1016/j.cyt0.2015.01.031 PMID: 25767072

Achtman J, Kling MA, Feng R, Okawa J, Werth VP. A cross-sectional study of untreated depression
and anxiety in cutaneous lupus erythematosus and dermatomyositis. J Am Acad Dermatol. 2016; 74
(2):377-9. https://doi.org/10.1016/j.jaad.2015.09.016 PMID: 26775780

Jalenques |, Rondepierre F, Massoubre C, Haffen E, Grand JP, Labeille B, et al. High prevalence of
psychiatric disorders in patients with skin-restricted lupus: a case-control study. Br J Dermatol. 2016;
174(5):1051-60. https://doi.org/10.1111/bjd. 14392 PMID: 26748551

Dowlatshahi EA, Wakkee M, Arends LR, Nijsten T. The prevalence and odds of depressive symptoms
and clinical depression in psoriasis patients: a systematic review and meta-analysis. J Invest Dermatol.
2014; 134(6):1542-51. https://doi.org/10.1038/jid.2013.508 PMID: 24284419

Ghanizadeh A, Ayoobzadehshirazi A. A review of psychiatric disorders comorbidities in patients with
alopecia areata. Int J Trichology. 2014; 6(1):2-4. https://doi.org/10.4103/0974-7753.136746 PMID:
25114444

Marrie RA, Walld R, Bolton JM, Sareen J, Walker JR, Patten SB, et al. Increased incidence of psychiat-
ric disorders in immune-mediated inflammatory disease. J Psychosom Res. 2017; 101:17-23. https:/
doi.org/10.1016/j.jpsychores.2017.07.015 PMID: 28867419

Meszaros ZS, Perl A, Faraone SV. Psychiatric symptoms in systemic lupus erythematosus: a system-
atic review. J Clin Psychiatry. 2012; 73(7):993-1001. https://doi.org/10.4088/JCP.11r07425 PMID:
22687742

Rennstad ATM, Halling-Overgaard AS, Hamann CR, Skov L, Egeberg A, Thyssen JP. Association of
atopic dermatitis with depression, anxiety, and suicidal ideation in children and adults: A systematic
review and meta-analysis. J Am Acad Dermatol. 2018; 79(3):448—456.e30. https://doi.org/10.1016/j.
jaad.2018.03.017 PMID: 30119868

Zhangl, FuT, Yin R, Zhang Q, Shen B. Prevalence of depression and anxiety in systemic lupus erythe-
matosus: a systematic review and meta-analysis. BMC Psychiatry. 2017; 17(1):70. https://doi.org/10.
1186/s12888-017-1234-1 PMID: 28196529

Dantzer R O’Connor JC, Freund GG, Johnson RW, Kelley KW. From inflammation to sickness and
depression: when the immune system subjugates the brain. Nat Rev Neurosci. 2008; 9(1):46-56.

Maes M, Kubera M, Obuchowiczwa E, Goehler L, Brzeszcz J. Depression’s multiple comorbidities
explained by (neuro)inflammatory and oxidative & nitrosative stress pathways. Neuro Endocrinol Lett.
2011; 32(1):7-24.

Cytokine Dantzer R., sickness behavior, and depression. Immunol Allergy Clin North Am. 2009; 29
(2):247-64.

Cuijpers P, Smit F. Subthreshold depression as a risk indicator for major depressive disorder: a system-
atic review of prospective studies. Acta Psychiatr Scand. 2004; 109(5):325-31. https://doi.org/10.1111/
j.1600-0447.2004.00301.x PMID: 15049768

Karsten J, Nolen WA, Penninx BWJH, Hartman CA. Subthreshold anxiety better defined by symptom
self-report than by diagnostic interview. J Affect Disord. 2011; 129(1-3):236-43.

Korte KJ, Brown MAS, Schmidt NB. Anxiety sensitivity and impairment: evidence for a direct associa-
tion and partial mediation by subclinical anxiety symptoms. J Affect Disord. 2013; 151(3):875-81.
https://doi.org/10.1016/j.jad.2013.07.026 PMID: 24091303

Jorm AF, Griffiths KM. Population promotion of informal self-help strategies for early intervention
against depression and anxiety. Psychol Med. 2006; 36(1):3-6. https://doi.org/10.1017/
S0033291705005659 PMID: 16356291

McDonald EM, Mann AH, Thomas HC. Interferons as mediators of psychiatric morbidity. An investiga-
tion in a trial of recombinant alpha-interferon in hepatitis-B carriers. Lancet. 1987; 2(8569):1175-8.
https://doi.org/10.1016/s0140-6736(87)91319-5 PMID: 2890808

PLOS ONE | https://doi.org/10.1371/journal.pone.0282079 March 1, 2023 14/16


https://doi.org/10.1016/j.cyto.2015.01.031
http://www.ncbi.nlm.nih.gov/pubmed/25767072
https://doi.org/10.1016/j.jaad.2015.09.016
http://www.ncbi.nlm.nih.gov/pubmed/26775780
https://doi.org/10.1111/bjd.14392
http://www.ncbi.nlm.nih.gov/pubmed/26748551
https://doi.org/10.1038/jid.2013.508
http://www.ncbi.nlm.nih.gov/pubmed/24284419
https://doi.org/10.4103/0974-7753.136746
http://www.ncbi.nlm.nih.gov/pubmed/25114444
https://doi.org/10.1016/j.jpsychores.2017.07.015
https://doi.org/10.1016/j.jpsychores.2017.07.015
http://www.ncbi.nlm.nih.gov/pubmed/28867419
https://doi.org/10.4088/JCP.11r07425
http://www.ncbi.nlm.nih.gov/pubmed/22687742
https://doi.org/10.1016/j.jaad.2018.03.017
https://doi.org/10.1016/j.jaad.2018.03.017
http://www.ncbi.nlm.nih.gov/pubmed/30119868
https://doi.org/10.1186/s12888-017-1234-1
https://doi.org/10.1186/s12888-017-1234-1
http://www.ncbi.nlm.nih.gov/pubmed/28196529
https://doi.org/10.1111/j.1600-0447.2004.00301.x
https://doi.org/10.1111/j.1600-0447.2004.00301.x
http://www.ncbi.nlm.nih.gov/pubmed/15049768
https://doi.org/10.1016/j.jad.2013.07.026
http://www.ncbi.nlm.nih.gov/pubmed/24091303
https://doi.org/10.1017/S0033291705005659
https://doi.org/10.1017/S0033291705005659
http://www.ncbi.nlm.nih.gov/pubmed/16356291
https://doi.org/10.1016/s0140-6736%2887%2991319-5
http://www.ncbi.nlm.nih.gov/pubmed/2890808
https://doi.org/10.1371/journal.pone.0282079

PLOS ONE

Psychiatric symptoms without psychiatric disorders in skin-restricted lupus

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

Capuron L, Gumnick JF, Musselman DL, Lawson DH, Reemsnyder A, Nemeroff CB, et al. Neurobeha-
vioral effects of interferon-alpha in cancer patients: phenomenology and paroxetine responsiveness of
symptom dimensions. Neuropsychopharmacology. 2002; 26(5):643-52. https://doi.org/10.1016/S0893-
133X(01)00407-9 PMID: 11927189

Jalenques |, Bourlot F, Martinez E, Pereira B, D’Incan M, Lauron S, et al. Prevalence and Odds of Anxi-
ety Disorders and Anxiety Symptoms in Children and Adults with Psoriasis: Systematic Review and
Meta-analysis. Acta Derm Venereol. 2022; 102:adv00769. https://doi.org/10.2340/actadv.v102.1386
PMID: 35604236

Herder C, Furstos JF, Nowotny B, Begun A, Strassburger K, Missig K, et al. Associations between
inflammation-related biomarkers and depressive symptoms in individuals with recently diagnosed type
1 and type 2 diabetes. Brain Behav Immun. 2017; 61:137-45. https://doi.org/10.1016/j.bbi.2016.12.025
PMID: 28041985

Vetter ML, Wadden TA, Vinnard C, Moore RH, Khan Z, Volger S, et al. Gender differences in the rela-
tionship between symptoms of depression and high-sensitivity CRP. Int J Obes (Lond). 2013; 37 Suppl
1:838-43. https://doi.org/10.1038/ij0.2013.95 PMID: 23921781

Steptoe A, Wikman A, Molloy GJ, Messerli-Blrgy N, Kaski JC. Inflammation and symptoms of depres-
sion and anxiety in patients with acute coronary heart disease. Brain Behav Immun. 2013; 31:183-8.
https://doi.org/10.1016/j.bbi.2012.09.002 PMID: 22982340

Jalenques |, Rondepierre F, Massoubre C, Bonnefond S, Schwan R, Labeille B, et al. High Prevalence
of Personality Disorders in Skin-restricted Lupus Patients. Acta Derm Venereol. 2017; 97(8):941-6.
https://doi.org/10.2340/00015555-2691 PMID: 28448094

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al. The Mini-International
Neuropsychiatric Interview (M.I.N.1.): the development and validation of a structured diagnostic psychi-
atric interview for DSM-1V and ICD-10. J Clin Psychiatry. 1998; 59 Suppl 20:22-33. PMID: 9881538

Lecrubier Y, Sheehan D, Weiller E, Amorim P, Bonora |, Harnett Sheehan K| et al. The Mini Interna-
tional Neuropsychiatric Interview (MINI). A short diagnostic structured interview: reliability and validity
according to the CIDI. European Psychiatry. 1997; 12(5):224-31.

Albrecht J, Taylor L, Berlin JA, Dulay S, Ang G, Fakharzadeh S, et al. The CLASI (Cutaneous Lupus
Erythematosus Disease Area and Severity Index): an outcome instrument for cutaneous lupus erythe-
matosus. J Invest Dermatol. 2005; 125(5):889-94. https://doi.org/10.1111/1.0022-202X.2005.23889.x
PMID: 16297185

Hyler S. Personality Questionnaire, PDQ-4+. New York. 1994. ( New York State Psychiatric Institute).

Bouvard M, Cosma P. [An exploratory study of a personality disorders questionnaire]. Encephale.
2008; 34(5):517-25.

Laconi S, Cailhol L, Pourcel L, Thalamas C, Lapeyre-Mestre M, Chabrol H. Dépistage des troubles de
la personnalité avec la version francgaise du Personality Diagnostic Questionnaire-4+ dans une popula-
tion psychiatrique: une étude préliminaire. Annales Médico-psychologiques, revue psychiatrique. 2016;
174(1):39-44.

Montgomery SA, Asberg M. A new depression scale designed to be sensitive to change. Br J Psychia-
try. 1979; 134:382-9. https://doi.org/10.1192/bjp.134.4.382 PMID: 444788

Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol. 1959; 32(1):50-5. https://
doi.org/10.1111/1.2044-8341.1959.tb00467.x PMID: 13638508

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture
(REDCap)—a metadata-driven methodology and workflow process for providing translational research
informatics support. J Biomed Inform. 2009; 42(2):377-81. https://doi.org/10.1016/}.jbi.2008.08.010
PMID: 18929686

Rondepierre F, Tauveron-Jalenques U, Valette S, Mulliez A, D’Incan M, Lauron S, et al. “Psychiatric
symptomatology in skin-restricted lupus patients without psychiatric disorders: a post-hoc analysis”,
Mendeley Data, (2022), V1, https://doi.org/10.17632/bdxf94z5xw.1 Available from: https://data.
mendeley.com/datasets/bdxf94z5xw/1.

Corruble E, Ginestet D, Guelfi JD. Comorbidity of personality disorders and unipolar major depression:
a review. J Affect Disord. 1996; 37(2-3):157-70. https://doi.org/10.1016/0165-0327(95)00091-7 PMID:
8731079

Latas M, Milovanovic S. Personality disorders and anxiety disorders: what is the relationship? Curr Opin
Psychiatry. 2014; 27(1):57-61. https://doi.org/10.1097/YC0O.0000000000000025 PMID: 24270478

Grolleau A, Cougnard A, Bégaud B, Verdoux H. [Psychotropic drug use and correspondence with psy-
chiatric diagnoses in the mental health in the general population survey]. Encephale. 2008; 34(4):352-9.

PLOS ONE | https://doi.org/10.1371/journal.pone.0282079 March 1, 2023 15/16


https://doi.org/10.1016/S0893-133X%2801%2900407-9
https://doi.org/10.1016/S0893-133X%2801%2900407-9
http://www.ncbi.nlm.nih.gov/pubmed/11927189
https://doi.org/10.2340/actadv.v102.1386
http://www.ncbi.nlm.nih.gov/pubmed/35604236
https://doi.org/10.1016/j.bbi.2016.12.025
http://www.ncbi.nlm.nih.gov/pubmed/28041985
https://doi.org/10.1038/ijo.2013.95
http://www.ncbi.nlm.nih.gov/pubmed/23921781
https://doi.org/10.1016/j.bbi.2012.09.002
http://www.ncbi.nlm.nih.gov/pubmed/22982340
https://doi.org/10.2340/00015555-2691
http://www.ncbi.nlm.nih.gov/pubmed/28448094
http://www.ncbi.nlm.nih.gov/pubmed/9881538
https://doi.org/10.1111/j.0022-202X.2005.23889.x
http://www.ncbi.nlm.nih.gov/pubmed/16297185
https://doi.org/10.1192/bjp.134.4.382
http://www.ncbi.nlm.nih.gov/pubmed/444788
https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
http://www.ncbi.nlm.nih.gov/pubmed/13638508
https://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.17632/bdxf94z5xw.1
https://data.mendeley.com/datasets/bdxf94z5xw/1
https://data.mendeley.com/datasets/bdxf94z5xw/1
https://doi.org/10.1016/0165-0327%2895%2900091-7
http://www.ncbi.nlm.nih.gov/pubmed/8731079
https://doi.org/10.1097/YCO.0000000000000025
http://www.ncbi.nlm.nih.gov/pubmed/24270478
https://doi.org/10.1371/journal.pone.0282079

PLOS ONE

Psychiatric symptoms without psychiatric disorders in skin-restricted lupus

37.

38.

39.

40.

M,

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

Capuron L, Ravaud A, Miller AH, Dantzer R. Baseline mood and psychosocial characteristics of patients
developing depressive symptoms during interleukin-2 and/or interferon-alpha cancer therapy. Brain
Behav Immun. 2004; 18(3):205-13. https://doi.org/10.1016/j.bbi.2003.11.004 PMID: 15050647

Constant A, Castera L, Dantzer R, Couzigou P, de Ledinghen V, Demotes-Mainard J, et al. Mood alter-
ations during interferon-alfa therapy in patients with chronic hepatitis C: evidence for an overlap
between manic/hypomanic and depressive symptoms. J Clin Psychiatry. 2005; 66(8):1050-7. https:/
doi.org/10.4088/jcp.v66n0814 PMID: 16086622

Jokela M, Virtanen M, Batty GD, Kivimé&ki M. Inflammation and Specific Symptoms of Depression.
JAMA Psychiatry. 2016; 73(1):87-8. https://doi.org/10.1001/jamapsychiatry.2015.1977 PMID:
26579988

Hou R, Baldwin DS. A neuroimmunological perspective on anxiety disorders. Hum Psychopharmacol.
2012; 27(1):6-14. https://doi.org/10.1002/hup.1259 PMID: 22213434

Lasselin J, Elsenbruch S, Lekander M, Axelsson J, Karshikoff B, Grigoleit JS, et al. Mood disturbance
during experimental endotoxemia: Predictors of state anxiety as a psychological component of sickness
behavior. Brain Behav Immun. 2016; 57:30-7. https://doi.org/10.1016/j.bbi.2016.01.003 PMID:
26790758

Postal M, Lapa AT, Sinicato NA, de Oliveira Pelicari K, Peres FA, Costallat LTL, et al. Depressive symp-
toms are associated with tumor necrosis factor alpha in systemic lupus erythematosus. J Neuroinflam-
mation. 2016; 13:5. https://doi.org/10.1186/s12974-015-0471-9 PMID: 26732584

Krishnadas R, Nicol A, Sassarini J, Puri N, Burden AD, Leman J, et al. Circulating tumour necrosis fac-
tor is highly correlated with brainstem serotonin transporter availability in humans. Brain Behav Immun.
2016; 51:29-38. https://doi.org/10.1016/j.bbi.2015.08.005 PMID: 26255693

Hauser W, Schmidt C, Stallmach A. Depression and mucosal proinflammatory cytokines are associated
in patients with ulcerative colitis and pouchitis—A pilot study. J Crohns Colitis. 2011; 5(4):350-3. hitps://
doi.org/10.1016/j.crohns.2011.03.001 PMID: 21683306

Gubbels Bupp MR. Sex, the aging immune system, and chronic disease. Cell Immunol. 2015; 294
(2):102-10. https://doi.org/10.1016/j.cellimm.2015.02.002 PMID: 25700766

Nelson LH, Lenz KM. The immune system as a novel regulator of sex differences in brain and behav-
ioral development. J Neurosci Res. 2017; 95(1-2):447-61. https://doi.org/10.1002/jnr.23821 PMID:
27870450

Altemus M, Sarvaiya N, Neill Epperson C. Sex differences in anxiety and depression clinical perspec-
tives. Front Neuroendocrinol. 2014; 35(3):320-30. https://doi.org/10.1016/j.yfrne.2014.05.004 PMID:
24887405

Capuron L, Ravaud A. Prediction of the depressive effects of interferon alfa therapy by the patient’s ini-
tial affective state. N Engl J Med. 1999; 340(17):1370. https://doi.org/10.1056/NEJM199904293401716
PMID: 10223879

Eskeland S, Halvorsen JA, Tanum L. Antidepressants have Anti-inflammatory Effects that may be Rele-
vant to Dermatology: A Systematic Review. Acta Derm Venereol. 2017; 97(8):897-905. https://doi.org/
10.2340/00015555-2702 PMID: 28512664

Jalenques |, Rondepierre F, Massoubre C, Labeille B, Perrot JL, Mulliez A, et al. Treatment of Psychiat-
ric Disorders and Skin-Restricted Lupus Remission: A Longitudinal Study. JAMA Dermatol. 2017; 153
(12):1331-2. https://doi.org/10.1001/jamadermatol.2017.3590 PMID: 28979971

Uher R, Tansey KE, Dew T, Maier W, Mors O, Hauser J, et al. An inflammatory biomarker as a differen-
tial predictor of outcome of depression treatment with escitalopram and nortriptyline. Am J Psychiatry.
2014; 171(12):1278-86. https://doi.org/10.1176/appi.ajp.2014.14010094 PMID: 25017001

PLOS ONE | https://doi.org/10.1371/journal.pone.0282079 March 1, 2023 16/16


https://doi.org/10.1016/j.bbi.2003.11.004
http://www.ncbi.nlm.nih.gov/pubmed/15050647
https://doi.org/10.4088/jcp.v66n0814
https://doi.org/10.4088/jcp.v66n0814
http://www.ncbi.nlm.nih.gov/pubmed/16086622
https://doi.org/10.1001/jamapsychiatry.2015.1977
http://www.ncbi.nlm.nih.gov/pubmed/26579988
https://doi.org/10.1002/hup.1259
http://www.ncbi.nlm.nih.gov/pubmed/22213434
https://doi.org/10.1016/j.bbi.2016.01.003
http://www.ncbi.nlm.nih.gov/pubmed/26790758
https://doi.org/10.1186/s12974-015-0471-9
http://www.ncbi.nlm.nih.gov/pubmed/26732584
https://doi.org/10.1016/j.bbi.2015.08.005
http://www.ncbi.nlm.nih.gov/pubmed/26255693
https://doi.org/10.1016/j.crohns.2011.03.001
https://doi.org/10.1016/j.crohns.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/21683306
https://doi.org/10.1016/j.cellimm.2015.02.002
http://www.ncbi.nlm.nih.gov/pubmed/25700766
https://doi.org/10.1002/jnr.23821
http://www.ncbi.nlm.nih.gov/pubmed/27870450
https://doi.org/10.1016/j.yfrne.2014.05.004
http://www.ncbi.nlm.nih.gov/pubmed/24887405
https://doi.org/10.1056/NEJM199904293401716
http://www.ncbi.nlm.nih.gov/pubmed/10223879
https://doi.org/10.2340/00015555-2702
https://doi.org/10.2340/00015555-2702
http://www.ncbi.nlm.nih.gov/pubmed/28512664
https://doi.org/10.1001/jamadermatol.2017.3590
http://www.ncbi.nlm.nih.gov/pubmed/28979971
https://doi.org/10.1176/appi.ajp.2014.14010094
http://www.ncbi.nlm.nih.gov/pubmed/25017001
https://doi.org/10.1371/journal.pone.0282079

