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Abstract There has been an increasing interest in
the role of the immune and inflammatory systems in
mood disorders. Mood episodes are associated with
changes in acute phase proteins such as high-sensi-
tivity C-reactive protein (hsCRP). The present study
investigated serum hsCRP in manic, depressed, and
euthymic BD patients as compared to matched heal-
thy controls. Serum hsCRP was assessed using an
ultrasensitive assay of particle-enhanced immuno-
turbidimetric latex agglutination. Serum hsCRP levels
were increased in manic BD patients, as compared to
euthymic, depressed patients and healthy controls
(P < 0.001). These findings add to the notion that
changes in the inflammatory system take place during
acute episodes of mania.
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Introduction

Bipolar disorder (BD) is a chronic, severe, and highly
disabling illness, which is estimated to affect 1% of the
population worldwide [4]. BD is associated with in-
creased morbidity and mortality due to general medical
conditions, such as cardiovascular disease, obesity and
diabetes mellitus, which are not simply a result of
psychiatric symptoms or personal dysfunction [22].
Recent studies have found that most bipolar patients
have high rates of functional and cognitive impairment,
contributing to the substantial psychosocial morbidity
associated with the disorder [44]. Although there has
been a considerable increase in the understanding of
the pathophysiological processes of BD, the underlying
biology and common mechanisms of comorbid phys-
ical and psychiatric disorders remain largely unclear.
More recently, there has been an increasing inter-
est in the role of the immune and inflammatory sys-
tems in mood disorders. It has been demonstrated
that mood episodes are associated with changes in
cytokines profiles [20, 27] and acute phase proteins
such as immunoglobulins, complement proteins,
factor B [40], and high-sensitivity C-reactive protein
(CRP) [16]. CRP is the first classic acute phase reac-
tant to be released and its plasma values can increase
10,000-fold in response to infection and injury. It is a
direct and quantitative measure of the overall acute
phase response, and for this reason, its use as a
marker of disease has received considerable attention
[7]. CRP is produced in the liver in response to IL-6,
as well as to IL-1 and tumor necrosis factor. Its pro-
tein levels begin to rise within 4-6 h after tissue injury
or insult and continue to increase exponentially,
doubling every 8-9 h and peaking at several hundred
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folds (depending on the stimulus) within 24-48 h.
Serum CRP levels remain elevated throughout the
acute phase response and only return to normal once
normal tissue structure and function is restored.
Therefore, it is considered a marker of systemic
inflammation and several prospective studies have
demonstrated a direct association between CRP levels
and the risk for developing cardiovascular disease
[38]. Some studies found an association of increased
CRP levels with the severity of depressive symptoms
[12, 37] and normalization after antidepressant
treatment [26, 39]. However, these findings are not
consistent across studies [21].

A few studies have reported CRP abnormalities in
individuals with BD. Legros et al. [23] investigated
several immunological factors such as immunoglob-
ulins, autoantibodies and CRP in patients with psy-
chiatric disorders including patients with bipolar
depression. Although major depressive (unipolar)
patients were more likely to present elevated CRP
levels, there was no difference in the CRP levels be-
tween unipolar and bipolar subjects during depres-
sion. Similarly, Hornig et al. [16] compared patients
with unipolar and BD and found no difference in CRP
levels between the groups.

More recent studies measured the prevalence of
high-sensitivity CRP (hsCRP), a more sensitive essay,
in BD patients. Wadee et al. [40] studied humoral
immunity including hsCRP levels in manic patients
and found higher hsCRP levels in the bipolar groups
compared to controls, albeit the result did not reach
statistical significance. Huang and Lin [17] studied
bipolar patients during manic episodes and patients
with unipolar depression. When compared to healthy
subjects, only the bipolar group had higher levels of
hsCRP. Finally, Dickerson et al. [8], studying stable
outpatients with BD, found a significant correlation
between manic symptoms and CRP levels.

Although there is evidence for an association of
mania and elevated CRP levels, none of the studies
evaluated BD patients in different phases of the ill-
ness. Thus, the present study was designed to evaluate

Table 1 Characteristics of BD patients and healthy controls

the involvement of inflammation in BD, as measured
by serum levels of hsCRP in BD across all mood
states—mania, depression and remission.

Methods

The present study was approved by the local ethics committee
(Hospital de Clinicas de Porto Alegre, Porto Alegre, Brazil) and all
subjects provided written informed consent before entering in the
study. Thirty euthymic, 20 depressed, and 30 manic patients were
recruited from the BD s Program—Hospital de Clinicas de Porto
Alegre, Porto Alegre, Brazil, and the Inpatient Psychiatric
Unit—Hospital Universitario de Santa Maria, Santa Maria, Brazil.
Diagnoses were carried out using the Structured Clinical Interview
for DSM-IV—Axis I (SCID-I) [11]. In this study, only BD type-I
patients were enrolled. Manic and depressive symptoms were as-
sessed using the Young Mania Rating Scale (YMRS) [43] and the
Hamilton Depression Rating Scale (HDRS) [14], respectively. Pa-
tients were considered euthymic if they scored <7 on both YMRS
and HDRS scales. Manic and depressed patients fulfilled criteria for
current manic or depressive episode, respectively, according to
SCID-1. All subjects that fulfilled DSM-IV criteria for a current
mixed episode were excluded from the present study. The control
group consisted of 32 healthy volunteers matched by age, gender
and education, who manifested interest in participating in the
study. Psychiatric assessment was carried out using SCID-I, non-
patient version. Control subjects did not have history of major
psychiatric disorders, dementia or mental retardation. Five milli-
liter of blood were withdrawn from each subject by venipuncture
into a free-anticoagulant vacuum tube. Measurement of CRP was
performed on fasting serum with an ultrasensitive assay using
particle-enhanced immunoturbidimetric latex agglutination meth-
odology [10], using the automated analyzer Hitachi 912. The limit
of detection of serum hsCRP levels in the present assay was less
than 0.15 mg/l. All data are presented as mean + S.D. Differences
between experimental groups were determined by one-way ANOVA
followed by Tukey post hoc test if applicable. Pearson correlation
coefficient was used to analyze the correlation between hsCRP and
YMRS and HDRS scores. P values less than 0.05 were considered to
indicate statistical significance.

Results

The demographic characteristics of BD patients and
controls are summarized in Table 1. BD patients and
controls did not differ in terms of gender, age or years

Control group

Bipolar disorder patients

Euthymic Manic Depressed P value
Gender (female) 65.6% 62.5% 43.8% 71.4% 0.162*
Age (years) 40.69 (12.12) 40.28 (11.99) 40.13 (12.6) 40.71 (9.25) 0.997**
Years of schooling 8.69 (3.64) 9.94 (4.80) 7.69 (3.65) 7.53 (4.77) 0.117**
Age of first mood episode - 23.13 (11.38) 27.19 (10.87) 21.24 (13.89) 0.320**
Years of illness - 17.34 (11.88) 12.78 (9.62) 19.50 (14.17) 0.209**
HDRS score - 4.28 (4.16) 5.16 (3.39) 22.81 (4.36)° 0.001**
YMRS score = 3.16 (5.44) 34.47 (7.06)b 5.10 (3.19) 0.001**

Values of variables are presented as mean (£S.D.)

HDRS Hamilton depression rating scale, YMRS Young Mania rating scale
* Chi-square test

** One-way ANOVA test

Depressed > euthymic/manic

PManic > euthymic/depressed



of schooling. BD patients were similar in age of first
mood episode and length of illness. One-way ANOVA
revealed that serum hsCRP levels were significantly
different between groups (F(;1,,3) = 64.33; P < 0.001).
Serum hsCRP levels were increased in manic BD pa-
tients (11.81 £ 12.29 mg/l; P < 0.001; Tukey post
hoc), as compared with euthymic (2.14 + 2.58 mg/l),
depressed patients (2.30 £ 2.23 mg/l) and healthy
controls (1.60 = 2.24 mg/l) (Fig. 1). There were no
significant differences in hsCRP levels between de-
pressed and euthymic patients and healthy controls
(all P > 0.05). Finally, we found no correlation be-
tween hsCRP levels and YMRS or HDRS scores (all
P > 0.05).

Discussion

The present study demonstrated that serum levels of
hsCRP were increased in bipolar patients during
manic episode, as compared to euthymic, depressed
patients and healthy controls. It is well established the
association between BD and increased risk of car-
diovascular and metabolic diseases [22, 25], but the
pathophysiological mechanisms underlying this
association are still under debate. It is possible that
both immune and inflammatory systems play a role in
these processes and that cytokines may be the one of
the main mediators.

Consistent with the present study, recent studies
have reported an association between inflammation,
CRP and neuropsychiatric disorders, such as Alzhei-
mer’s disease and BD [20, 34, 42]. Since no clear
association between depressive episodes and CRP
elevation has been demonstrated to date a more in-
tense activation of this inflammatory system may
occur during manic episodes in particular. The rea-
sons why CRP is selectively altered in manic but not
in depressed or euthymic patients are unknown.
While the present study is the first that investigated
CRP levels across all mood states in individuals with
BD, a recent study that compared other inflammatory
markers between manic vs. depressed BD found
higher IL-4 and lower IL-1§ and IL-6 levels in the
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Fig. 1 Serum high-sensitive C-reactive protein levels in BD patients and
healthy controls. *Different than depressed, euthymic and controls (p < 0.001;
One-way ANOVA + Tukey post hoc)

manic subgroup, suggesting that manic and depres-
sive episodes are associated with distinct patterns of
cytokine production [28]. Nevertheless, our result is
in accordance with Dickerson et al. [8] who found
that CRP levels were higher in BD patients with
YMRS > 6 than in patients with YMRS < 6, and that
CRP levels were positively correlated with YMRS but
not HDRS scores, further suggesting that CRP may be
specifically associated with the severity of manic
symptoms in BD.

Inflammatory diseases may be initiated or ampli-
fied by oxidative stress [35]. The authors and others
have demonstrated that BD patients have increased
oxidative stress markers, such as: lipid peroxidation
[1, 29, 30]; DNA damage [13]; and changes in anti-
oxidants enzymes [1, 13, 30, 33]. In this context, CRP
is associated with oxidative stress markers, mainly
with lipid peroxidation [9]. Notably, Ratnam and
Mookerjea [31] and Arcoleo et al. [2] reported that
CRP can stimulate nitric oxide synthase (NOS)
expression and NO production in rat and murine
macrophages. More recently, Ikeda et al. [18] showed
that CRP had no effect on NO synthesis, but it sig-
nificantly increased NO synthesis in IL-1f-stimulated
myocytes. Interestingly, IL-1 enhances the expression
of other cytokines, such as IL-6, IL-10, TNF-o. and
S100B [19], and the latter was also shown to be in-
creased during acute mania [1, 24]. A recent review
proposed a comparative role between the peripheral
biochemical markers CRP and S100B for systemic
inflammation and brain injury, respectively [35],
suggesting that both cytokines may induce oxidative
stress or may be affected by oxidative damage.

It has been demonstrated that inflammation can
release a number of neurotrophic factors upon acti-
vation, including brain-derived neurotrophic factor
(BDNF) and neurotrophin-3 (NT-3) [15]. Some
studies have suggested that serum levels of neuro-
trophic factors are altered during mood episodes in
BD, including: lower BNDF [6], and higher NT-3 [41]
and glial cell-derived neurotrophic factor [32]. It is
unclear whether CRP is able to directly induce neu-
rotrophin secretion, or indirectly via IL-1 and IL-6
activation [5]. It is plausible to consider that the
interplay between inflammation and neurotrophic
factors may contribute to some pathophysiological
abnormalities seen in BD, such as cognitive decline
and executive dysfunction. Very little is know about
the effects of psychotropic agents on CRP levels, thus
we cannot exclude that medication status may have
influenced the present results. It has been demon-
strated that treatment with antidepressants may re-
duce [26, 39] and olanzapine may increase [3] CRP
levels. One study that investigated lithium augmen-
tation to antidepressants in patients with refractory
depression found that lithium augmentation may re-
duce CRP levels [36], while another study that as-
sessed CRP levels in a mixed sample of bipolar I,
bipolar II and unipolar patients showed that those



that were on lithium monotherapy were less likely to
demonstrate increased levels of CRP [16]. However,
the use of multiple medications and the retrospective
design of these latter studies leave the question of
potential effects of lithium on CRP levels unresolved.
Prospective studies are clearly needed to determine
the true impact of mood stabilizers on CRP levels in
individuals with BD. Here it is worth mentioning that
only one subject of the present study was taking anti-
inflammatory agents, while 33% of the depressed,
18% of the euthymic and none of the manic patients
were on antidepressants at the time that blood was
collected. The vast majority of the subjects were
receiving multiple combinations of mood stabilizers
(lithium, valproate and/or carbamazepine) and typi-
cal and atypical antipsychotics. Thus, we believe that
medication status may have had little effect (if any) on
the present results.

In conclusion, we found that serum hsCRP levels
are increased in BD patients during manic episodes,
as compared with euthymic, depressed patients and
healthy controls. This finding further supports the
hypothesis of inflammatory involvement in the manic
phase of BD. Longitudinal studies are necessary to
better determine the clinical consequences of activa-
tion of inflammatory systems in BD.
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