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Background: Inflammation is essential for the pathogenesis of multiple sclerosis (MS).
While the immune system contribution to the development of neurological symptoms
has been intensively studied, inflammatory biomarkers for mental symptoms such as
depression are poorly understood in the context of MS. Here, we test if depression
correlates with peripheral and central inflammation markers in MS patients as soon as
the diagnosis is established.

Methods: Forty-four patients were newly diagnosed with relapsing-remitting MS,
primary progressive MS or clinically isolated syndrome. Age, gender, EDSS, C-reactive
protein (CRP), albumin, white blood cells count in cerebrospinal fluid (CSF WBC),
presence of gadolinium enhanced lesions (GE) on T1-weighted images and total number
of typical MS lesion locations were included in linear regression models to predict
Beck Depression Inventory (BDI) score and the depression dimension of the Symptoms
Checklist 90-Revised (SCLO0RD).

Results: CRP elevation and GE predicted significantly BDI (CRP: p = 0.007; GE:
p = 0.019) and SCLIO0RD (CRP: p = 0.004; GE: p = 0.049). The combination of both
factors resulted in more pronounced depressive symptoms (p = 0.04). CSF WBC and
EDSS as well as the other variables were not correlated with depressive symptoms.

Conclusions: CRP elevation and GE are associated with depressive symptoms in newly
diagnosed MS patients. These markers can be used to identify MS patients exhibiting a
high risk for the development of depressive symptoms in early phases of the disease.
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INTRODUCTION

Depression has a higher prevalence among multiple sclerosis
(MS) patients as compared to non-MS-subjects (1) and is one of
the most common comorbidities in MS (2, 3). It has a detrimental
impact on patients’ quality of life (4) as well as employment
outcome (5) and is associated with an increased risk of disability
worsening (6), resulting in adverse long term outcome (7).

Studies showing that physical disability predicts depression in
MS (8) suggest that neurological deficits accumulate over time
and lead to depressive symptoms. However, depression has been
reported also for early MS and clinically isolated syndrome (CIS)
patients (9-12), where physical disability is mostly mild or even
non-existent. These observations indicate the existence of other
mechanisms for the development of depression in MS.

One factor which has been shown to play a key role for
the emergence of depressive symptoms in MS independent
of disability is inflammation in the central nervous system
(CNS). MS patients with an acute relapse have higher depression
scores compared to patients in remission (13). Furthermore,
tumor necrosis factor-a (TNF- a), interleukin-18 (IL-18), and
interleukin-6 (IL-6) measured in the cerebrospinal fluid of MS
patients correlate with depression scores (13, 14).

On the other hand, major depression (MDD) studies stress
the importance of peripheral inflammation markers. Thus,
proinflammatory cytokines and molecules such as TNF-a, IL-
6, interleukin 1 (IL-1), soluble interleukin 2-receptor (sIL-2R),
and C-reactive protein (CRP) measured in serum are increased
in patients with depression as compared to healthy subjects (15—
18). Similar findings have been reported for MS: CRP levels
are elevated in patients with as compared to those without a
relapse and correlate with depression severity (19). Furthermore,
increased IL-6 as well as decreased interleukin-4 (IL-4) and
albumin in serum discriminate MS patients with from those
without depression (20).

Treating depression in MS as early as possible and targeting
its inflammatory mechanisms adequately require simultaneous
investigations of peripheral and central markers of inflammation
as early as the MS diagnosis is established. Such studies are largely
lacking and it is not known whether both peripheral and central
inflammatory processes are linked to depressive symptoms
in newly diagnosed MS. We hypothesized that serological,
CSF laboratory and CNS imaging markers of inflammation in
patients with initial diagnosis of CIS, relapsing-remitting MS
(RRMS) or primary progressive MS (PPMS) correlate with their
depression scores.

MATERIALS AND METHODS

The study was approved by the ethics committee of University
Hospital Frankfurt and carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of
Helsinki) for experiments involving humans. Written informed
consent was obtained from all subjects. Patients were referred
to the Department of Neurology at the University Hospital
Frankfurt between 2017 and 2019 due to suspected demyelinating
CNS disease either based on a clinical observation or on

MRI imaging results. All patients underwent a neurological
examination, laboratory tests, lumbar puncture, and MRI
imaging as a part of a well-established diagnostic work-up based
on the current guidelines of the German Neurological Society
as well as the Competence Network Multiple Sclerosis. Patients
were screened for eligibility and agreed to participate in the
study and undergo additional measurements including Beck
Depression Inventory (BDI) (21) and Symptom Checklist-90-
R (22). BDI was used to assess depressive symptoms. As a
validation of the results, additionally the Symptom Checklist-
90-R (22) was applied and its depression dimension (SCL90RD)
was entered into further analysis. Participants were included
only if the diagnostic work-up resulted in the diagnosis
of a relapsing-remitting multiple sclerosis (RRMS), primary
progressive multiple sclerosis (PPMS) or clinically isolated
syndrome (CIS) according to the 2010 revised McDonald criteria
(23). The first participants were measured 2017 before the latest
revisions of the McDonald criteria were officially published (24).
At this time, we had already diagnosed and included several
patients based on the McDonald 2010 criteria, therefore decided
to keep these eligibility criteria unchanged. Exclusion criteria
were diagnosis of secondary progressive multiple sclerosis or
diagnosis of concurring neurological disease as a result of the
diagnostic work-up (n = 4), determinable cause of an infection
(n =2), insufficient knowledge of German language to fill out the
questionnaires or refusal to participate (n < 10).

Patients were interviewed and examined by a neurologist.
Their degree of physical disability was estimated with the
help of the Kurtzke Expanded Disability Status Scale (EDSS)
(25). C-reactive protein (CRP, mg/dl) and albumin (g/l) were
measured in serum as markers of peripheral inflammation. If
multiple measurements were available, the ones with the greatest
proximity in time to the questionnaires were used. CRP was
considered elevated if it was >0.5 mg/dl. In this case, physical
examination and laboratory testing were performed, including
auscultation of the lungs and urinalysis. If a determinable cause
of infection was found, the participant was excluded from further
analysis. White blood cells count in CSF (CSF WBC/pl) was used
as a marker of central inflammation. Gadolinium enhancement
(GE) on T1-weighted imaging in at least one of the following:
cerebral, spinal or orbit MRI imaging was another marker of
CNS inflammation. We computed for each participant also
the total number of typical MS lesion locations (juxtacortical,
periventricular, infratentorial, and spinal) with T2- or FLAIR-
hyperintense lesions (“MS lesions,” number of typical locations
with MS lesions varying between 1 and 4).

Some  patients  were treated with  intravenous
methylprednisolone (IVMP) for their neurological symptoms.
CSF acquisition was done always prior to IVMP. To consider
any possible influence of IVMP on depressive symptoms,
patients were grouped according to the time between IVMP
and BDI/SCL90RD: the first group did not receive any IVMP
or the interval between IVMP and BDI/SCL9ORD was >14
days (AIVMP-BDI/SCL90RD > 14 days), while the second
group was treated with IVMP within 14 days before the BDI
measurement (AIVMP-BDI/SCL90RD < 14 d). To consider
the influence of IVMP on GE, patients were grouped according
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to the time between IVMP and MRI measurement: the first
group did not receive any IVMP or the interval between IVMP
and MRI was >14 days (AIVMP-MRI > 14 d), while the
second group was treated with IVMP within 14 days before
MRI (AIVMP-MRI < 14 d).

First, a multiple linear regression was computed with BDI as
dependent variable. Age, gender, EDSS, CRP elevation, albumin,
CSF WBC, GE, and MS lesions were employed as independent
variables. Next, a second multiple linear regression with the
same independent variables but with SCL90RD as dependent
variable was computed to validate our first results. Linear
relationship was verified by inspecting the respective scatter plots
of independent and dependent variables. Normal distribution of
the residuals was verified by inspecting the respective P-P plots.
There was no evidence of multicollinearity (highest correlation
r = —0.417, lowest Tolerance statistics = 0.625, and highest
VIF statistic = 1.6). Independence of residuals was tested by
determining Durbin—Watson statistic (Durbin-Watson = 2.5 for
BDI and 2.25 for SCL90RD). Homoscedasticity was tested by
inspecting a graph plot of the standardized values predicted by
the respective model against the standardized residuals. The lack
of influential cases biasing the model was verified by determining
Cook’s Distance (all Cook’s Distance values < 1).

To understand better the interaction between peripheral
and central inflammation, we computed two further univariate
general linear models with BDI and SCL90RD as dependent
variables and the two markers which contributed significantly to
the variance in the linear regression analyses (CRP elevation and
GE, see section Results) as independent variables.

To assess the effects of steroid treatment on depressive
symptoms, a multivariate general linear model was computed
with BDI and SCL90RD as dependent variables and AIVMP-
BDI/SCL90RD as an independent variable. To assess the effects of
steroid treatment on acute inflammation seen in MRI, a Fisher’s
exact test was computed with GE and ATVMP-MRI

Finally, we tested in an exploratory analysis whether disease
type and fatigue measurements might affect our findings. Fatigue
measurements were available from clinical routine diagnostics
(The Fatigue Scale for Motor and Cognitive Functions, FMSC)
(26) for some but not all subjects (n = 40). We computed an
additional multiple linear regression like the ones mentioned
above but with “disease type” (RRMS, CIS, or PPMS) and
“FSMC total score” as additional independent variables. Since MS
disease type can affect not only depression but also inflammation,
we also computed a Fisher’s exact test with disease type and
CRP elevation.

RESULTS

One patient was excluded due to the combination of CRP
elevation and an acute venous leg ulcer and another one due
to a still active urinary tract infection in antibiotic treatment
at the time of measurement. The data of the remaining 44
subjects were entered into the analysis. Their demographic data is
shown in Table 1. The medical history of the patients is reported
in Table 2.

TABLE 1 | Descriptive statistics of the studied sample.

n X SD

Gender Female 32

Male 12
Diagnosis RRMS 31

CIs

PPMS
CRP Elevated

Normal 38
MS lesion locations 1 7

2 11

3 12

4 14
GE + in at least one Yes 30
MRI imaging No 14
ANMP-MRI >14 days 32

<14 days 12
ANMP-BDI >14 days 18

<14 days 26
Age (years) 35.68 10.63
EDSS 2.02 1.28
CSF WBC (/) 11.09 11.78
Albumin (g/1) 44.95 4.60
BDI 6.77 6.25
SCL90RD 0.64 0.62

n, number of patients in the respective category; x, mean value; SD, standard deviation;
RRMS, relapsing-remitting multiple sclerosis; CIS, clinically isolated syndrome; PPMS,
primary progressive multiple sclerosis; CRF, C-reactive protein (elevated: >0.50 mg/dl;
normal <0.50 mg/dl); MS lesion locations, total number of typical MS lesion locations
(juxtacortical, periventricular, infratentorial, and spinal) per subject with T2- or FLAIR-
hyperintense lesions; GE +, gadolinium enhancement in T1-weighted imaging; AIVMP-
MRI > 14 days, no steroid treatment or the interval between IVMP and MRl was >14
days; AIVMP-MRI < 14 days, interval between IVMP and MRI < 14 days;, AIVMP-
BDI/SCL90RD > 14 days, no steroid treatment or the interval between IVMP and
BDI/SCLO0RD was > 14 days; AIVMP-BDI/SCLO0RD < 14 days, interval between IVMP
and BDI/SCLI0RD < 14 days; EDSS, Expanded Disability Status Scale; CSF WBC, white
blood cells count in the cerebrospinal fluid; BDI, Beck Depression Inventory; SCLI0RD,
depression dimension of the Symptoms Checklist-90-Revised.

The multiple linear regression model with BDI as dependent
variable was significant (R = 0.603, R?> = 0.364, adjusted
R? = 0.218, F = 2.502, dfl = 8, df2 = 35, and p = 0.029). Two
independent variables contributed significantly to the model:
CRP elevation (8 = 0.431, t = 2.87, and p = 0.007) and GE
(8=0.362, t =2.46, and p = 0.019, see Table 3).

The multiple linear regression model with SCL9ORD as a
dependent variable was significant (R = 0.609, R* = 0.371,
adjusted R* = 0227, F = 2583, dfl = 8, df2 = 35, and
p = 0.025). Two independent variables contributed significantly
to the model: CRP elevation (8 = 0.461, t = 3.09, and p = 0.004)
and GE (88 = 0.298, t = 2.04, and p = 0.049, see Table 3). The
other variables, CSF WBC, EDSS, age, gender, albumin, and total
number of typical MS lesion locations, were not predictive for
depressive symptoms.

Both CRP elevation and GE were entered as independent
variables in two further general linear models in order to
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TABLE 2 | Past medical history and medications reported in the sample.

TABLE 3 | Details from the two multiple linear regressions.

Medical history Medication

Arterial hypertension (x 1) Estradiol (x 1)

Bronchial asthma (x 1) Levothyroxine (x 9)
Carpal tunnel syndrome (x 1) Oral contraceptives (x 2)
Orthomol (x 1)

Progesterone (x 1)

Chronic back pain (x 1)
Coccygeal fistula (x 1)
Depression (x 1)

Epilepsy (x 1)

Factor V Leiden (x 1)
Hashimoto thyroiditis (x 3)

Salbutamol (x 1)
Sumatriptan (x 2)
Vitamin D (x 1)

Hypothyreosis (x 5)

Lactose intolerance (x 1)

Migraine (x 4)

Obesity (x 1)

Spondylarthritis (x 1)

Status post autoimmune thyroiditis (x 1)
Status post Bell’s palsy (x 1)

Status post benign tumor resection (x 1)
Status post herpes zoster infection (x 2)
Status post Lyme disease (x 1)

Status post other fracture (x 1)

Status post pelvic fracture (x 1)

Status post sinusitis (x 1)

Status post strabismus correction (x 1)
Status post tonsillectomy (x 1)

Status post type C gastritis type (x 1)
Status post vestibular neuritis (x 1)

exploratory illustrate the interaction between peripheral and
central inflammation markers in the context of depression in
newly diagnosed MS. With regard to BDI, CRP elevation and
GE exhibited significant main effects (CRP elevation: F = 7.113,
p = 0.011; GE: F = 9.087, p = 0.004) and the interaction
between the two factors was significant, too (CRP elevation x
GE: F = 4492, p = 0.04). Elevated CRP values or presence
of gadolinium enhancement on the T1-weighted MR imaging
resulted into higher BDI scores (CPR normal: x = 5.7, SD = 4.4;
CRP elevated: x = 13.8, SD = 11.2; GE —: x = 4.4, SD = 3.5;
GE +: x = 7.9, SD = 6.9), while the combination of both
elevated CRP and gadolinium enhancement had a particularly
strong impact on the depression score (x = 18, SD = 11.5).
Vice versa, the majority of patients with normal CRP levels and
lack of GE in MRI exhibited normal BDI scores. However, either
GE in MRI or CRP elevation were associated with BDI scores
corresponding on average to a minimal or mild depression, while
patients with both CRP elevation and GE in MRI had BDI scores
which corresponded to at least a moderate depression (21). A
similar pattern was revealed with regard to SCLO9ORD. Here,
however, only CRP elevation reached significance (F = 8.428,
p = 0.006), while GE (F = 3.737, p > 0.05) and the
interaction between the both factors (F = 1.202, p > 0.05) failed
to do so.

95% Cl for B

B SEB LB uB B t P
BDI
Age 0.02 0.10 -0.19 0.22 0.03 0.16 n.s.
Gender 258 210 -1.68 6.85 019  1.28 n.s.
EDSS 046 071 -098 1.90 0.09 0.65 n.s.
CRP elevation 777 270 228 1326 043 2.87 0.007
Albumin 0.26 022 -0.20 0.71 0.19 1.14 n.s.
CSF WBC 0.10 0.09 -0.08 0.27 0.18 1.14 n.s.
GE 481 195 084 8.78 0.36 246 0.019
MS lesion locations —-0.92 0.88 -270 086 -0.16 —-1.05 ns.
SCL90RD
Age 0.00 0.01 -002 0.02 -002 0.02 n.s.
Gender 0.12 021 -0.30 054 -030 0.54 n.s.
EDSS 0.10 007 -0.04 025 -004 0.25 n.s.
CRP elevation 082 027 0.28 1.37 0.28  1.37 0.004
Albumin 0.0t 002 -003 0.06 -0.03 0.06 n.s.
CSFWBC 0.00 0.01 -001 0.02 -001 0.02 n.s.
GE 039 019 0.00 0.78 0.00 0.78 0.049
MS lesion locations  —0.17 0.09 -0.35 0.00 -0.35 0.00 n.s.

BDI, Beck Depression Inventory (dependent variable); SCL9ORD, depression dimension
of the Symptoms Checklist-90-Revised (dependent variable); B, unstandardized B
coefficient; SE B, standard error of the B coefficient; 95% Cl, 95% confidence interval;
LB, lower bound; UB, upper bound; B, standardized beta coefficient; t, t-value; p, p-
value; n.s., not significant; EDSS, Expanded Disability Status Scale; CRP elevation, C-
reactive protein elevation (elevated: > 0.50 mg/dl; normal < 0.50 mg/dl); CSF WBC,
white blood cells count in the cerebrospinal fluid; GE +, gadolinium enhancement in
T1-weighted imaging.

The multivariate general linear model did not reveal any
significant effects of the time interval between IVMP treatment
and the depression questionnaires on the BDI/SCLI0ORD scores
(F = 0.121, p > 0.05). The Fisher’s exact test revealed no
significant effects of the time interval between IVMP treatment
and MRI imaging on the presence of GE (p > 0.05).

The exploratory linear regression with BDI as dependent
variable and with additional independent variables (disease
type and FSMC total score additionally to age, gender, EDSS,
CRP elevation, albumin, CSF WBC, GE, and MS lesions) was
significant (R = 0.696, R*> = 0.485, adjusted R*> = 0.307,
F =2.726, df1 = 10, df2 = 29, and p = 0.017). Like in the initial
analysis, two independent variables contributed significantly to
the model: CRP elevation (8 = 0.373, t = 2.312, and p = 0.028)
and GE (f = 0.381, t = 2.522, and p = 0.017). Disease type and
fatigue measurements did not reach significance (p > 0.05). The
Fisher’s exact test revealed no significant effects of the disease type
on CRP elevation (p > 0.05).

DISCUSSION

In the current study, depressive symptoms of patients with
newly diagnosed RRMS, CIS, or PPMS were linked to
peripheral and central markers of inflammation. More precisely,
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patients with elevated CRP or presence of GE on TI1-
weighted MRI-imaging were more likely to score higher
on depression scales BDI and SCL90RD. Further analysis
showed that the link between CRP/GE and depression is
even more pronounced if both inflammation markers are
simultaneously present.

The role of CRP elevation has been highlighted so far
mainly by studies with MDD patients (15-17, 27). Recent
findings suggest that inflammation contributes to the
emergence of depression, since elevated CRP predicts the
subsequent development of depressive symptoms (28). The
pathophysiological mechanisms are complex and involve
different pathways: peripherally released signals including
CRP and cytokines cause an inflammatory response in
the CNS, altering production, metabolism and transport
of mood-related neurotransmitters and affecting neuronal
growth and survival (27). Further mechanisms, including
oxidative stress, cytokine-induced glutamate dysregulating
and excitotoxicity as well as maladaptive hypothalamic-
pituitary-adrenal (HPA) axis functioning have been suggested
(19, 20, 27). CRP elevation might be distinctly relevant
for therapeutic decisions, too. Thus, a treatment with the
monoclonal antibody infliximab, an TNF-a antagonist,
resulted in a greater reduction of depressive symptoms in
a subset of medication resistant MDD patients with high
baseline CRP levels (29). Furthermore CRP is among the
inflammatory signal molecules with the strongest relationships
with depression (15, 16) and is easily obtained and analyzed in
hospital laboratories, rendering it readily utilizable in a clinical
context (27).

The source of CRP elevation in MS patients seems even
more complex than in MDD. CRP is higher during MS relapses
and associated with EDSS, predictive for later progression
and decreasing during interferon beta la therapy (30-32).
Therefore, peripheral inflammation is probably linked to
general disease activity in MS, too. However, interactions with
environmental factors might lead to an increased risk for
the emergence of depression as has been shown for MDD:
adults diagnosed with MDD who have a history of early
maltreatment exhibit higher CRP levels than those without
such a history (33). Thus, MS-related inflammation coupled
with external events which also boost inflammatory responses
might be crucial for the development of depressive symptoms in
early MS.

CNS inflammation markers might contribute further to
understanding the role of the immune system in the context
of depression. Generally, GE on Tl-weighted MRI imaging
indicates a disrupted blood-brain barrier and characterizes active
MS lesions (34). In our sample, the presence of active lesions was
significantly associated with the degree of depressive symptoms.
This extends earlier findings (13, 35), confirming the link
between CNS inflammatory lesions and mood disorders in MS
and validating it with regard to newly diagnosed patients. While it
can be argued that active lesions induce neurological impairment
and that depressive symptoms arise only as a result from the
newly emerging physical disability, our findings do not support

this notion. Indeed, the degree of depressive symptoms did not
correlate with EDSS. Furthermore, GE was present in a multitude
of CNS regions (e.g., spinal, infratentorial, or optic nerve lesions),
which implies that mood alterations in the context of newly
diagnosed MS occur also without direct lesions to the limbic
system. Rather, depressive symptoms may be triggered by more
general inflammatory mechanisms. Moreover, the total number
of typical MS lesion locations with T2- or FLAIR-hyperintense
lesions was not correlated to the mood symptoms, suggesting
that the degree of disease activity in MS is not determining
for the emergence of depression in newly diagnosed patients.
However, since all our patients were newly diagnosed and were
thus exposed to a novel, stressful situation (new symptoms, initial
uncertainty, major diagnosis, etc.), a more complex interplay
between CNS inflammation and external factors seems possible
here, too. Interestingly, major negative stressful events predict
increased risk for GE in MRI imaging in MS patients (36).
Thus, an interaction between inflammatory MS-related processes
and confrontation with a spectrum of novel, potentially stressful
events such as physical disability and major diagnosis may
have contributed to the development of depressive symptoms in
our sample.

CRP elevation and GE did not explain the whole variance
of depression in our sample. Similarly, it has been estimated
that only 47% of depression patients whose scores are above the
clinical threshold had a CRP level > 0.3 mg/dl and only 29%
had a CRP level > 0.5 g/dl (27, 37), suggesting an essential but
perhaps not sufficient role of peripheral inflammation for the
emergence of depression and a more pronounced relevance for
a subset of depressed individuals. Interestingly, we demonstrated
an interaction between peripheral and central inflammation
leading to more pronounced depression scores, which points at
a possible mutually augmenting effect of peripheral and central
inflammatory agents. The correlational nature of our results does
not allow us to imply causation but one possible, hypothetical
mechanism would be a common pathway of inflammation
starting in the periphery and resulting in blood-brain barrier
breakdown, unfolding inflammation in CNS and triggering
depressive symptoms in early MS. Similar interactions between
peripheral and central processes have been shown for MDD,
where high CRP levels are associated with gray matter volume
reductions (38) as well as with reduced functional connectivity
in a widely-distributed brain network (39, 40). It would be
highly relevant to follow-up whether the depressive symptoms
persist in the further course of MS and if the initial peripheral
and central inflammation parameters are predictive for their
future development.

MS disease type has previously been shown to be relevant
for depression and inflammation (4, 41, 42). Similarly, fatigue
might affect or co-occur with depression (42, 43). However,
in our exploratory linear regression analysis, disease type and
fatigue were not associated with BDI, while CRP and GE presence
were again significant predictors for depressive symptoms.
Furthermore, CRP elevation did not differ between the three
investigated disease types. The small sample size as well as
the fact that we did not include SPMS patients could have
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contributed to these findings. An interesting yet purely tentative
notion refers to the fact that we studied newly diagnosed
patients only. Thus, the pathophysiological underpinnings of
inflammation and depression might be very similar across
different MS disease forms during early disease stages and the
effect of fatigue on depression might grow in later stages of the
disease (41).

There are several limitations to our study. First, we employed
a cross-sectional design, which does not allow us to determine
a causal relationship between the measured inflammation and
degree of depressive symptoms. For this purpose, a prospective
design would be necessary. Second, the sample size was moderate.
We included only patients with newly established diagnosis, thus
leaving out effects of immunomodulatory therapy, accumulated
physical disability or other disease-related confounding variables.
However, this reduced the power of the study and may
have contributed to the lack of significant effects regarding
inflammation markers such as albumin and CSF WBC. Especially
with regard to CSF WBC the results are surprising since CSF
inflammatory markers such as TNF-o and IL-1p measured in the
cerebrospinal fluid of treatment-naive MS patients correlate with
depression scores (13, 14). The insufficient power of the study
due to our conservative inclusion criteria would explain the lack
of positive findings regarding CSF. Another possible explanation
is that in this study we focused on the CSF WBC, while leaving
out other, possibly more specific inflammatory markers such as
TNF-a and IL-1B. Second, measurements were done as a part of
a diagnostic work-up tailored for the clinical routine, which did
not allow us to standardize all the parameters (e.g., MRI scanner,
time of lumbar puncture and blood sample collection, IVMP
treatment, etc.). While we did not observe any effects of IVMP
treatment on the primary outcome parameters, a prospective,
standardized approach with predetermined parameters would
have increased the methodological quality and validity of
our results. This is, however, a common challenge of studies
in the clinical setting, when patients without an established
diagnosis are referred to the emergency department at night and
cannot wait with the IVMP treatment because of pronounced
neurological disability. Similarly, it is difficult to determine
the time interval between communicating the diagnosis to the
patients and the measurements of depression and inflammation
markers, since many patients are referred for a diagnostic
work-up with a suspected diagnosis which they already know
of. However, standardizing the measurements of this time
interval as far as possible would limit the influence of external
factors such as diagnosis communication on subjects’ mood.
Finally, we employed only self-assessment instruments such
as BDI and SCL90R. Using clinical interviews which are
available for depressive symptoms would increase the validity of
the results.

Despite the above-mentioned limitations, our study
contributes several important findings to the scientific
debate. First, we demonstrate that the relationship between
inflammation and depression is seen not only in patients with
a prolonged disease history but also in newly diagnosed MS

when the disease is presumably in its initial stages. Furthermore,
the reported findings are not affected by immunomodulatory
and symptomatic therapy. Moreover, contrary to the common
expectation that depressive symptoms are seen in MS only
when neurological impairment is strongly pronounced, we
demonstrate that even in a sample of newly diagnosed MS
patients with little to none accumulated physical disability
(average EDSS = 2.02, SD = 1.28) there is a link between
inflammation and depression. Studies focusing on adults
with a major depressive disorder seldomly employ MRI with
contrast-agent or perform a cerebrospinal fluid analysis. As
illustrated in this study, investigating interactions between
inflammation and depression in newly diagnosed MS patients,
in whom those examinations are part of the diagnostic work-
up, seems particularly promising. Of course, the chronic
inflammation typical for MS remains an important issue
to tackle when interpreting the data. Prospective studies
investigating the link between inflammation and depression
simultaneously in both newly diagnosed MS and MDD patients
in early stages of the disease might be essential in addressing
this issue.

In our study we demonstrated that peripheral (CRP) and
central (GE on TI1-weighted MRI imaging) inflammation
markers are associated with the degree of depressive symptoms
in newly diagnosed patients with RRMS, PPMS, and CIS.
Understanding which MS patients exhibit higher risk for
depressive symptoms would facilitate the development of
eligible therapeutic options, targeting depression-relevant
inflammatory pathways.
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