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VIEW AND REVIEW

Basal cortisol levels and the relationship with
clinical symptoms in multiple sclerosis: a
systematic review

Niveis de cortisol basal e a relacao com sintomas clinicos na esclerose multipla: uma
revisao sisteméatica

Gabriela Magalhdes Pereira’, Nayron Medeiros Soares?, Andreo Rysdyk de Souza’, Jefferson Becker?,
Alessandro Finkelsztejn*, Rosa Maria Martins de Almeida®

ABSTRACT

Multiple sclerosis (MS) is a demyelinating, progressive and neurodegenerative disease. A disturbance on the hypothalamic-pituitary-
adrenal axis can be observed in patients with MS, showing altered cortisol levels. We aimed to identify basal cortisol levels and verify the
relationship with clinical symptoms in patients with MS. A systematic search was conducted in the databases: Pubmed, Web of Science
and SCOPUS. Both higher and lower cortisol levels were associated with MS. Higher cortisol levels were associated with depression and
anxiety, while lower levels were associated with depression, fatigue and urinary dysfunction. Higher cortisol levels may be associated with
the progression and severity of MS.
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RESUMO

A esclerose multipla (EM) é uma doenca desmielinizante, progressiva e neurodegenerativa. Um distlrbio no eixo hipotalamo-hipofise-
adrenal pode ser observado em pacientes com EM, mostrando niveis alterados de cortisol. Nosso objetivo foi identificar os niveis basais
de cortisol e verificar a relacédo com os sintomas clinicos em pacientes com EM. Uma busca sistematica foi realizada nas bases de dados:
Pubmed, Web of Science e SCOPUS. Ambos os niveis de cortisol elevado e baixo foram associados com a EM. Niveis mais elevados de cortisol
foram associados a depressao e ansiedade, enquanto niveis mais baixos foram associados a depressao, fadiga e disfuncao urinéaria. Niveis
altos de cortisol podem estar associados a progressao e gravidade da EM.

Palavras-chave: Esclerose multipla; hidrocortisona; sistema hipéfise-suprarrenal; manifestagdes neurolégicas; sintomas gerais.

Multiple sclerosis (MS) is a progressive and inflammatory
neurodegenerative disease, characterized by demyelinating
lesions and atrophy, in the central nervous system (CNS)",
It affects 1/1,000 people in the western world and leads to
chronic disability in young adults ranging between 20 and 40
years old". Multiple sclerosis presents an unpredictable and
often progressive course, with many neurological symptoms?®,
which include sensory disorders®, visual problems’, fatigue®,
alterations in balance’, dysfunction of the lower urinary
tract', limitations in walking'! and cognitive dysfunction.

The etiology of MS is considered multifactorial and
involves genetic and environmental mechanisms, which
affect the immunological response™. Although the origin
is still unknown, autoimmune mechanisms are considered
central triggers of MS". A widely-accepted model considers
MS to be an autoimmune chronic inflammation, mediated
by T-cells and macrophages infiltrating the CNS through the
peripheral immunological system, which is involved in myelin
sheath destruction along with microglia'®'®. Nowadays B-cells
are getting a great deal of attention as well.
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It has been demonstrated that alterations in the neuro-
endocrine system may also be involved in immune suppres-
sion or activation, increasing the vulnerability and severity of
autoimmune diseases such as MS*'*". In this context, sev-
eral studies have indicated that there is a role of the hypotha-
lamic-pituitary-adrenal (HPA) axis in the control of MS pro-
gression'®. In physiological conditions, the HPA axis releases
glucocorticoids able to mediate the expression of inflam-
matory genes of cytokines, action of monocytes and macro-
phages, and adhesion and migration molecules, which have
immunomodulatory effects'*®. In patients with MS, activa-
tion of the HPA axis appears to be dysregulated, and chronic
hyperactivity occurs in about 50% of the patients'*'3**2, The
reactivity of the HPA axis has been correlated with MS pro-
gression and global increase in the activation of the neurode-
generative process***,

Cortisol is an end-product glucocorticoid of the HPA
axis in humans, considered to be the stress hormone and
a powerful natural immunosuppressant, involved in reg-
ulatory functions such as in glucose metabolism, insu-
lin release, arterial pressure, immune and inflammatory
responses**. In MS, as a consequence of the disrupted HPA
axis, cortisol levels become altered. In patients with MS, the
cortisol response after intravenous administration of cor-
ticotrophin-releasing hormone is higher, when compared
with healthy adult subjects®**. This increase of the cor-
tisol response was associated both positively”, and nega-
tively®, with the number of acute lesions due to central neu-
roinflammation in MS.

In several studies, higher levels of basal cortisol were
observed in the cerebrospinal fluid (CSF) and blood, as well
as an increase in the cortisol awakening response measured
in saliva5,25,30,3l,32.
showed that higher levels of cortisol in the CSF are neuro-
protective while lower levels are related to a higher number

% As well, evidence in postmortem humans

of lesions™.

Physiologically, cortisol release levels and the acti-
vated cerebral regions depend on the type of stress factor,
where motor stress has been associated with brainstem
activation while psychological stress has been associated
with limbic regions®. In MS, some studies have investi-
gated the relationship between cortisol levels and symp-
toms that arise during the course of the disease; how-
ever, there is still no consensus about the role of cortisol
as a cause or consequence of the symptoms. Current evi-
dence is directed, mainly, to the relationship of cortisol
with fatigue and depression, which are the most common
symptoms in MS¥3,

In affective symptoms, such as anxiety and depression,
significant correlations are found with higher levels of corti-
sol, especially in patients suffering from relapsing-remitting
multiple sclerosis (RRMS)***. Furthermore, studies have
shown that cortisol is correlated with fatigue and might have
an important role in RRMS**. Nevertheless, contradictory

results have also been observed, where MS patients with
depression and chronic fatigue showed cortisol levels with
no increase or significant correlations®*,

Even though several investigations have considered
the role of the HPA axis in MS, there is still little consensus
about the cortisol levels and their role in MS pathophysiol-
ogy. In this study, we aimed to investigate basal cortisol lev-
els in MS and the methods of cortisol evaluation, though a
systematic review. Moreover, we intended to verify whether
cortisol levels were related to clinical symptoms observed
in multiple sclerosis.

METHODS

The systematic review was performed on the results of
the database searches from January to March in 2018, which
were conducted according to PRISMA guidelines®. The arti-
cles were selected from three databases: PubMed, Web of
Science and SCOPUS. To find representative articles, the fol-
lowing keywords were input: [multiple sclerosis AND corti-
soll; [multiple sclerosis AND cortisol AND progression); [mul-
tiple sclerosis AND stress AND cortisol]; [multiple sclerosis
AND cortisol AND progression AND stress].

The selected articles in this review were assessed inde-
pendently by two evaluators and met the following crite-
ria: 1) the sample comprised only humans (from 18 years of
age); 2) the articles were published between 2006 and 2017;
3) patients had been affected only by MS, with no neuro-
logical diseases from other etiologies; 4) cortisol had been
assessed from urine, blood, CSF, saliva or hair; 5) there was
an assessment of any physical, behavioral and/or cogni-
tive symptom; 6) the full text of the article was available
in the database; 7) the full article was in English. Articles
were excluded from the sample if: 1) they were review arti-
cles, book chapters and abstracts published in journals; 2)
they used pharmacological, physical or psychological stim-
ulation as a stressing agent to observe the HPA axis func-
tion. Only articles that fulfilled all the requirements were
included in this review.

In the initial assessment, only the abstracts of the arti-
cles were read. If the data were not enough, the evaluators
assessed the methods and results of the articles. Accepted
articles that met all the inclusion criteria were read and ana-
lyzed comprehensively.

Analysis of the articles was made qualitatively, according
to the method of assessment of cortisol and the division of
study groups. After analyzing the articles, results were placed
in a table with the following information: authors and year
of publication, study goals, sample number and groupings,
mean age, main results (Table 1). Bias risk was assessed in
every article according to the following criteria: sample ran-
domization; cortisol storage duration, temperature, method;
assessment kit (Table 2).
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Table 2. Analysis of methodological quality of bias risk in the selected articles (n = 20).

Study, Sample 5 Cortisol Cortisol storage ;
Year randomization ARIIEEE SRS CTE Y storage time temperature LSRRIl G
Akcalietal., No Without DMT or corticosteroids — 80 °C Electrochemiluminescence
201750 3 months Cobas® 8000 modular system
Villoslada et al. B ARG Ultra-high pressure liquid
20174 e 2Ll . chromatography-MS
Najafi; ; ; ids —
Moghadasi, Yes Without corticosteroids - - Radioimmunoassay
3 months
20174
Melief et al., o .
20162 No = = -80°C Radioimmunoassay
Koutsis et al., o -
2016% No Drug-free 3 months -30°C Radioimmunoassay
Baranowska-
Bik et al., No Naive - -70°C Radioimmunoassay
2015%
Powell et al., No Without corticosteroids — . 20°C Immunoassay with
20156% 3 months fluorescent detection
Arata;
Sternberg, No = = = Electrochemiluminescence assay
2016
Melief et al., Without corticosteroids — o .
20135 No 8 weeks - -70°C Radioimmunoassay
?g;gf;t al. No Naive and DMT = -20°C Immunoluminescence assay
: Without immunomodulatory/

Wipfleretal,, . . .

P No immunosuppressive therapy - - ELISA enzymatic immunoassay
2013

(3/6 months)
AL No W IR OIS = -20°C Immunoluminescence assa
2011° glucocorticoids — 4 weeks Y
Without steroid/

Gold et al., . . .

> No immunosuppressive - - Radioimmunoassay
2011

treatment - 4 weeks
Lombardi et al., N Without corticosteroids — . _ Enzvmatic immun
2011% © e ymatic unoassay
Gold et al., ) ) o . .
20104 No Without steroids — 3 months - -20°C Competitive bonding assay
. Without corticosteroids,

Heidbrink et al., . o )

“ No immunosuppressants or = -80°C Immunoluminescent assay
2010 .

immunomodulators (3 months)
Mackereth Yes ) ) ) B
et al., 2009
Ysrraelit et al., . o SiteroTels:
2008 No immunosuppressants or = = =
immunomodulators (> 6 months)
Eftekharietal,, Yes Without corticosteroids B B B
20144 (6 months)
No steroids (6 months)

Téellez et al., _ PV Immunoassay with
20064 = S chemiluminescence

6-methylprednisolone
(only 2 patients)

C: Celsius; DMT: disease modifying treatment.

Arg Neuropsiquiatr. 2018;76(9):622-634



RESULTS

In the initial screening, using the above-mentioned key-
words, 87 articles were found in PubMed, 149 in Web of
Science and 103 in SCOPUS, 339 articles in total. Out of these,
208 articles were excluded as they were in more than one
database and 97 articles did not meet the criteria, leaving 34
articles eligible for assessment. The final process of selection
resulted in 20 articles being included. All the articles assessed
basal cortisol levels in patients with MS, but only 13 studied
the relationship of cortisol with any symptom present in the
course of MS. The selection process is shown in Figure 1.

Assessment of basal cortisol levels in MS

A total of 20 articles investigated cortisol levels in basal
conditions in MS (Table 1). The sample size in MS groups
ranged from 24" to 173* individuals, and some studies
included control groups without MS>#313245:46474849 According
to Kurtzkes Expanded Disability Status Scale (EDSS), the

severity of disease, when assessed, ranged from 1-6.5 points,
in individuals from 29-65 years old. In most of the studies
(14/20), the patients had not used glucocorticoids, immuno-
modulators or immunosuppressors for at least one month
and, in only three articles, the patients either had never been
subjected to pharmacological treatment or used to receive
the conventional treatment.

Generally, the studies had three types of general objec-
tives: to verify the effect of treatment, pretreatment or post-
treatment on cortisol levels, excluding articles about phar-
macological/psychological induction (n = 4); to describe the
relationship between cortisol and MS symptoms (n = 13) or
another condition (n = 1); and to observe the HPA axis profile
in patients with MS (n = 13).

The results of cortisol levels were divergent, many articles
(9/20) found higher cortisol levels in MS groupg®2>3031:52374547.50,
while others (4/20) showed lower levels®*°%2 or did not
differentiate (3/20) from the control group or laboratory
thresholds®**®. Some articles did not classify higher or

Figure 1. Flowchart of the selection process to eligible articles, including the databases: PUBMED, Web of Science and SCOPUS.
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lower cortisol levels (4/20), presenting only the treatment
effect™**4*, where there was a reduction in levels after inter-
ventions or just the relationship with the symptom (1/20)".

Five studies did not show a significant correlation
between cortisol levels with the duration, progression or
severity of MS***24%2 QOne study showed that the cortisol
awakening response was associated with the progression
of RRMS®. There was also a study in which cortisol levels
showed a trend to correlation with severity progress in their
results®. In another study, low cortisol was associated with
fast progression and severity of MS™.

Types of cortisol samples

Cortisol levels in the articles were assessed from blood,
saliva, CSF and urine (Figure 2), while most of the studies
used serum samples or blood plasma (60%; n = 12). Two
articles performed double sampling of cortisol through
plasma/urine® and serum/CSF*, the latter showing a sig-
nificant difference between the sampling types (CSF: p =
0.0256; serum: p = 0.2886) in different stages of the disease.
All the studies that collected saliva investigated the circa-
dian and daytime response of cortisol. No study assessed
cortisol from hair samples.

Two postmortem studies included in this review assessed
cortisol from CSF and just one in vivo study performed this
type of sampling. Storing temperature, if mentioned, ranged
between -30° C and -80° C (Table 2). The most-used method of
analysis was radioimmunoassay (31.6%; n = 6) and the least-
used methods were the competitive binding assay (5.3%; n =
1), and the ultra-high pressure liquid chromatography with
mass spectrometry (5.3%, n = 1).

Relationship between cortisol and MS symptoms

A total of 13 articles verified the relationship of cortisol
levels with symptoms or comorbidities present in patients
with MS5#30313257.40454750525351 " The severity of the disease

ranged from 1.3-9 points on the EDSS and the age varied from

12

10

Number of articles
(o))

Cortisol Sample Type

Blood Saliva ® CSF  ® Urine
Figure 2. Distribution of articles according to cortisol sample

(n = 20). *Includes articles with double sampling®“€.

Arg Neuropsiquiatr. 2018;76(9):622-634

32-82 years old. The investigated symptoms were depres-
sion>3032374547 - fatigue® 2450, yrinary dysfunction®, female
sexual dysfunction®, anxiety® and obesity®'.

The most-assessed symptom was depression and three
articles found hyperactivity of the HPA axis, correlating
high cortisol levels with depression®*. In contrast, other
studies (4/20) did not find a correlation between lower®
or higher®**% cortisol levels. Next, fatigue was assessed by
four articles, which verified a relationship in patients with
a low cortisol awakening response®, high levels of cortisol
in patients with fatigue compared to controls® or did not
observe any relationship between fatigue and cortisol*2*.

One study found that there may be a reduction of anxiety
symptoms associated with lower cortisol levels®. Another
study did not find a correlation between cortisol and female
sexual dysfunction®™, however, lower cortisol levels were
related to urinary symptoms in both genders® Finally, over-
weight patients with MS showed a higher release of cortisol
when compared with lean patients®.

DISCUSSION

This review included 20 articles, which assessed basal
cortisol levels and verified their relationship with any type
of symptoms and comorbidities (n = 13) in patients with
MS. Those studies assessed cortisol through in vivo (18/20
studies) and postmortem (2/20 studies) samples. The most-
common sample type for assessing cortisol was blood (12/20
studies). Hyperactivity of the HPA axis was observed in most
studies (9/20). The most-investigated symptom was depres-
sion (6/13 studies). Among the assessed articles, only three
found any correlation between cortisol and the duration and
progression of MS.

The results found in the various studies in this review sup-
port the HPA axis profile in MS, through measuring released
cortisol levels. Generally, in most studies, patients with MS
showed higher cortisol levels, indicating hyperactivity of the
HPA axis, similar to previously-found results?**#. Although
this impairment can be observed in many cases, its cause-
and-effect relationship remains unknown. However, some
hypotheses point out its role in affective disorders, such as
depression®, which arises during the course of MS. Thus,
depressed patients had higher levels of serum cortisol and
this hyperactivity may be related to a decreased response of
negative feedback mediated by endogenous glucocorticoids®.

Alternatively, this hyperactivity of the HPA axis may be
linked to the inflammatory activity that happens in active MS.
During the inflammatory process, release of cytokines, such
as IL-1, IL-6 and TNFa, can perform a modulatory role of the
HPA axis, increasing the cortisol release®. Alternatively, the
HPA axis hypoactivity found in some studies in this review,
and decrease in cortisol levels, may be related to the sup-
pression of corticotrophin-releasing hormone neurons that



occurs in active lesion in MS'™. Furthermore, applying the
experimental model of autoimmune encephalomyelitis to
animal models of MS has demonstrated that the severity and
progression of MS is linked to HPA hyporesponsiveness™*.

Additionally, a postmortem study has shown that lower
cortisol levels were associated with larger active lesions and
fewer remyelinated plates in humans, while higher cortisol
levels were associated with a lower number of active lesions
and an increase in plate remyelination®. From this perspective,
hyperresponsive patients showed fewer lesions highlighted by
gadolinium, suggesting a neuroprotection of acute lesions®.

Controversially, the HPA axis hyperresponsiveness in
MS may be associated with atrophy in the cornu ammonis
and dentate gyrus in the hippocampus®, and its relationship
with symptoms found in MS***"*. Besides this, patients with
exacerbations of RRMS have been shown to have higher cor-
tisol levels compared with healthy subjects®. As well, lower
cortisol levels were found during the acute relapse than in
the stable stage of MS*,

In this systematic review, many of the studies did not find
any relationship between cortisol and MS duration, progres-
sion or severity; however, a remarkable number of previous
studies have found a relationship between HPA dysfunction
and MS progression'®*'*%, The lower cortisol levels found
in this review were correlated with the progression of MS,
contradicting the fact that lower levels were correlated with
more brain lesions™.

Although these studies preferentially collected blood
serum or plasma, this type of sampling only accounts for
acute levels of cortisol release, relative to urine, saliva and
CSF samples. Moreover, blood and saliva samples provide a
momentary profile, while urine samples refer to cortisol lev-
els over a 24-hour period®. However, higher cortisol levels
found in studies with CSF samples might have been influ-
enced either by the stress generated in response to lumbar
puncture or, in postmortem studies, by the response of the
HPA axis to the death process®*.

Cortisol responses found in these articles refer to acute
measurements of the hormone. An alternative to minimiz-
ing the interference of stress responses generated by some
factors in an ambulatory assessment might be a noninvasive
gathering of hair samples. This type of sampling has been con-
sidered a reliable method of measuring levels months after
exposure to cortisol and it is not influenced by acute stress.
Also hair samples can be stored at room temperature®.

The difference found between the blood serum sample
and the CSF in the results can be explained either by the lower
activation of cortisone through 11B-hydroxysteroid dehydro-
genase type 1 or by inactivation via 11B-hydroxysteroid dehy-
drogenase type 2%, or can be regulated by the efflux of corti-
sol from the brain, which provides a balance to cortisol levels
in blood and CSF®'. In contrast, the similarity in levels found
between plasma and urine® might occur as both sample
types provide cortisol levels in the peripherals.

Articles that described assessment characteristics and
sample storage did this according to instructions provided by
manufacturers of the respective commercial kits. Nevertheless,
many studies did not clarify the duration of storage and did not
use sample randomization, which made comparison of results
among the studies and validity of processing more difficult and
increased the bias risk. Similarly, the choice of an accurate and
systematic recruitment in case control studies needed to be
obtained in the light of data of healthy individuals and patients
without MS, who presented for an investigated condition, such
as depression. Furthermore, results in some articles were just
described as higher or lower, without ever showing mean val-
ues found in each group.

Different symptoms are found in MS and they generally
tend to worsen as the disease advances. Fatigue is the most
common and debilitating symptom, present in more than
80% of the patients with MS®. Although it is regarded as a
residual symptom of depression®, the involvement of cortisol
levels remains unclear”. The main results encountered in this
review on MS did not find any relationship between cortisol
and fatigue, corroborating previous evidence that did not
observe an influence of cortisol on the fatigue experienced
by the patients®.

Excessive cortisol in the blood has been related to mood
disorders®, such as anxiety and depression. Cortisol per-
forms a central role at the onset and during the course of
major depression disorder, where higher basal cortisol levels
may be found®. Patients with MS who had HPA axis hyperac-
tivity may be susceptible to developing depression®. In fact, it
has been observed that symptoms of depression may precede
the onset of specific neurological symptoms during the initial
process of MS; however, in spite of the involvement of several
epigenetic factors, the etiology of the depression is multifac-
torial and varies among patients®. In this context, higher cor-
tisol levels found in those studies in patients with MS who
had anxiety and depression symptoms may have been related
to a hyperresponsiveness of the HPA axis found in mood dis-
orders. The lack of correlation with cortisol levels in some
studies may have been due to the methodological design and
the materials of investigation employed to classify and assess
the depressive disorder.

Thelower cortisol levels found in urinary dysfunction may
indicate a relationship between the hormones of the HPA
axis and the deficit of bladder activity inhibition®. Results on
the relationship between higher cortisol levels and obesity
are controversial, and may be justified by several confound-
ing factors that influence cortisol concentration, such as the
increase of ACTH release due to copeptin production or the
metabolic activity due to the increase of adipose tissue®.

One of the limitations of this review is the heterogeneity of
the included articles. In fact, there was wide methodological
variability, including controlled and uncontrolled studies, as
well as randomized and non-randomized essays. Furthermore,
the low number of selected articles and the variability of the
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sample types may have distorted the interpretation and
involvement of cortisol with symptoms in MS. Finally, this
review did not include a cohort study that evaluated long-term
cortisol in patients with MS, for further understanding of its
involvement in the progression of the disease.

In conclusion, this systematic review included an over-
view of studies that investigated basal cortisol levels and
symptoms in MS. The results found pointed to a cortisol level
dysfunction and some involvement with symptoms, mainly
depression, present in MS. Although there was a satisfac-
tory number of studies and promising investigations on the
subject, the results still did not present a consensus on the
activity of the HPA axis and cortisol release in patients with
MS. However, the majority of studies indicated higher corti-
sol levels associated with the progression and severity of MS.
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