l\' frontiers
in Psychiatry

ORIGINAL RESEARCH
published: 14 December 2021
doi: 10.3389/fpsyt.2021.803034

OPEN ACCESS

Edited by:

Mario Luciano,

University of Campania Luigi
Vanvitelli, Italy

Reviewed by:

Luca Steardo,

University Magna Graecia of
Catanzaro, Italy

Xenia Gonda,

Semmelweis University, Hungary

*Correspondence:
Alessandro Cuomo
alessandrocuomo86@gmail.com

Specialty section:

This article was submitted to
Psychosomatic Medicine,

a section of the journal
Frontiers in Psychiatry

Received: 27 October 2021
Accepted: 17 November 2021
Published: 14 December 2021

Citation:

Cuomo A, Koukouna D, Spiti A,
Barilla G, Goracci A, Bolognesi S and
Fagiolini A (2021) Biomarkers,
Inflammation, and Bipolar Disorder:
Association Between the
Improvement of Bipolar Disorder
Severity and the Improvement in
C-Reactive Protein Levels After 7
Days of Inpatient Treatment.

Front. Psychiatry 12:803034.

doi: 10.3389/fpsyt.2021.803034

Check for
updates

Biomarkers, Inflammation, and
Bipolar Disorder: Association
Between the Improvement of Bipolar
Disorder Severity and the
Improvement in C-Reactive Protein
Levels After 7 Days of Inpatient
Treatment

Alessandro Cuomo ™, Despoina Koukouna, Alessandro Spiti, Giovanni Barilla,
Arianna Goracci, Simone Bolognesi and Andrea Fagiolini

Dipartimento di Medicina Molecolare e dello Sviluppo, Dipartimento di Psichiatria, University of Siena, Siena, ltaly

Introduction: Compared to the general population, people with severe mental illness
(SMI) have a poorer health status and a higher mortality rate, with a 10-20-year
reduction in life expectancy. Excess mortality and morbidity in SMI have been explained
by intertwined components. Inflammatory processes could increase the morbidity and
mortality risk in patients with bipolar disorder (BD) because of a bidirectional interaction
between BD and conditions related to inflammation. This pilot study aimed to evaluate
the relationship between C-Reactive-Protein (CRP) and bipolar disorder severity.

Methods: A retrospective observational study was conducted on 61 hospitalized
patients with bipolar disorder. CRP was measured at admission to inpatient treatment (TO)
and after seven days from the admission (T1). Clinical Global Impression for Depression,
Mania and Overall Bipolar lliness were recorded at TO and T1. Comparisons among the
recorded CRP values were determined through the paired t-test. Correlations between
CRP and CGl scores were determined through Spearman’s correlation coefficient at TO
and T1.

Results: A statistically significant decrease in CRP values was observed after 7 days of
hospitalization (p < 0.001) and positive significant correlations emerged between CRP
and CGl scores at TO and T1.

Conclusion: Patients admitted to the inpatient unit reported a statistically significant
decrease of CRP values during the first 7 days of treatment. Although the direction of the
relationship between BP severity and inflammation status continues to remain unclear,
this study showed a relationship between the improvement of bipolar disease symptoms
and the improvement of the inflammatory marker CRP.
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INTRODUCTION

The morbidity, mortality, and suffering associated with severe
mental disorders are not only a result of psychiatric symptoms
and their attendant dysfunction (1). Medical disease and medical
risk factors are common in patients with mental illness in general
and in patients with bipolar disorder (BD) in particular. Physical
illness affects the course, severity, and treatment of bipolar
disorder (2-6), and lead to even greater morbidity, mortality, and
disability (7).

Many physical illnesses have been cited as highly prevalent
in patients with bipolar disease, the most common of which
are obesity, cardiovascular disease, diabetes, and thyroid disease.
Since patients with bipolar disorder spend most of their time
in the depressive phase of the illness, there is often a loss of
the discipline and motivation required to reduce such physical
risk factors.

Katon has established a clear relationship between depression
and several negative health behaviors including poor diet,
excessive eating, smoking, abuse of substances, and a sedentary
lifestyle (8). For example, mortality due to cardiovascular
disease has been reported as doubled in patients with BD (9).
Moreover, abnormalities in the homeostatic balance between
the sympathetic and the parasympathetic systems, with loss
of heart rate variability (HRV), sympathoadrenal activation,
hypothalamic-pituitary-adrenal (HPA) axis activation, immune
system dysregulation resulting in a pro-inflammatory status,
platelet activation, and endothelial dysfunction have been
observed in many patients with BD, major depressive disorder
(MDD), and other psychiatric disorders (10). The study of
inflammatory biomarkers and their change in the different phases
of BD may contribute to the research about the etiology and
treatment of BD (11).

Many studies have identified neuroinflammatory mechanisms
of bipolar disorder (BD), showing how these mechanisms
may impact the disease progression and the effectiveness of
drug treatment.

For instance, a correlation between autoimmune processes
and increased expression of psychiatric disorders is supported by
the increased risk of patients with systemic autoimmune diseases
developing BD (12). Although such chronic immune dysfunction
appears to contribute significantly to developing comorbidities in
BD, the direction of this cause-effect relationship is still unclear.
Specifically, it is not yet clear whether BD increases the risk
for immune dysfunction or whether a pre-existing inflammatory
condition increases the risk of BD. The most recent hypothesis
suggests a bidirectional interaction between BD and conditions
related to inflammation and that these reinforce each other;
moreover, specific genetic and environmental factors contribute
to increasing the risk (13).

Several biologic mechanisms may contribute to the
increased mortality risk from natural causes found among
patients with bipolar disorder, such as dysregulation of the
hypo-thalamic-pituitary-adrenal axis; the dysregulation of
the autonomic nervous system may also lead to insulin
resistance and may worsen metabolic syndrome (14), and
pharmacological treatment.

Measuring neuroinflammation through pro and anti-
inflammatory cytokines should determine a positive increase in
the treatment of bipolar disorder. Rosenblat et al. hypothesized
a simultaneous trend in mood levels, cognitive functions, and
inflammatory markers in patients with bipolar disorder (13).
According to this scheme, cytokine levels increase chronically
and can increase both during depressive and manic episodes.
Specifically, Fernandes et al. showed an increase in C reactive
protein (CRP) more markedly in the acute phase of mania
(15, 16), while Klaus Munkholm et al. showed an altered
leukocyte component in patients with bipolar disorder compared
to the healthy control group on a sample of 300 blood draws (17).

High levels of CRP have been found in various psychiatric
disorders but particularly in schizophrenia, depressive disorders,
bipolar disorder (18). Scientific evidence has found a correlation
between high levels of C-reactive protein and manic states,
while more uncertain data are those concerning euthymic and
depressive states (19), although some studies show the increase,
decrease or absence of variations of CRP during the various
phases of the disease (14). The role of C-reactive protein in the
neuro-progression of the disease remains unclear.

This retrospective pilot work aimed to evaluate the
relationship between the improvement of the acute symptoms
of bipolar disorder and the improvement of the inflammatory
marker levels C-reactive protein in hospitalized patients.

MATERIALS AND METHODS

This observational study aimed to retrospectively evaluate the
relationship between the inflammatory marker CRP and bipolar
disorder severity. The study was approved by the University of
Siena and Area Vasta - South-East Institutional Review Board -
Ethics Committee (num. ID17856; Approval Date: 05/02/2021).

Consecutive patients were enrolled according to the following
criteria: (1) a diagnosis of bipolar disorder according to the
Fifth Edition of the Diagnostic and Statistical Manual of Mental
Disorders [DSM-5]; (2) age > 18 years; (3) length of hospital
stay longer than 8 days; (4) voluntary participation, ability to
understand and sign consent information. Exclusion criteria
were: (1) Primary diagnosis of schizophrenia, schizophrenic form
disorder, schizoaffective disorder, and delusional disorder; (2)
NeuRodegenerative disorders, intellectual disability, neurological
diseases, history of head injury; (3) Any clinical condition that
could interfere with the reliability of the assessment, such as:
current infection, recent surgery, trauma, burns, neoplastic
processes, joint rheumatism such as rheumatoid arthritis
and rheumatic polymyalgia, autoimmune diseases such
as SLE, inflammatory bowel disease, pelvic inflammatory
disease, myocardial infarction, appendicitis, pancreatitis,
cholangitis, pyelonephritis, gout, and tuberculosis; (4)
Pharmacological treatment in progress with anti-inflammatories
or corticosteroids doses.

Patients were treated with standard of care medications for
bipolar disorder, mainly consisting of a mood stabilizer and/or an
antipsychotic combined, when necessary, with other medications
such as antidepressants, benzodiazepines, or other hypnotics.
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TABLE 1 | Patients characteristics.

Median (IQR) or N (%)

N. Patients 61
Age, years 50 (38-63)
Sex

Female 42 (68.9%)
Male 19 (31.1%)
Diagnosis

Bipolar disorder (type 1) 30 (49.2%)
Bipolar disorder (type Il) 31 (50.8%)
Other psychiatric comorbidities 9 (14.8%)
Physical comorbidities 13 (21.3%)

BMI 25.3 (22.1-27.2)

Underweight (<18.5) 4 (6.6%)
Normal (18.5-22.9) 16 (26.2%)
Overweight (23.0-24.9) 9 (14.8%)
Obese (>25.0) 32 (52.5%)
Smoking 31 (50.8%)
Endpoints

Blood tests were collected at admission to inpatient treatment
(T0) and after 7 days from the admission (T1).

Blood Tests and Psychometric Scales

CRP was collected for all patients at TO and T1. CRP values higher
than 0.5 mg/dL were considered as abnormal values. Clinical
Global Impression (CGI) for Depression, Mania and Overall
Bipolar Illness were registered at TO and T1.

Statistical Analysis

Descriptive statistical analyses are presented as mean =+
standard deviation or median and interquartile range for
continuous variables and frequencies and percentages for
qualitative variables. Comparisons were determined through
the paired t-test. Correlations between CRP and CGI scores
were determined through Spearman’s correlation coefficient at
TO and T1. Statistical significance was set at 5% (p < 0.05).
STATA17 (StataCorp, College Station, TX, USA) was used for all
statistical analyses.

RESULTS

Sixty-one patients (42 females and 19 males, median age
50 years, IQR: 38-63 years) were enrolled and included
in the study. Thirty patients were affected by bipolar
disorder type I, 31 patients by bipolar disorder type
II. Other psychiatric comorbidities were present in 9
patients. Thirteen patients reported significant physical
comorbidities. Complete patients’ characteristics are reported in
Table 1.

Mean CRP significantly decreased during hospitalization
(mean CRP at admission: 0.60 £ 0.24 mg/dL; mean CRP after 7
days: 0.42 & 0.17 mg/ dL; p < 0.001; no missing values). Positive

correlations emerged between CRP and CGI scores at TO and T1
as reported in Table 2.

DISCUSSION

We found that patients admitted to the inpatient unit reported a
reduction of CRP during the first 7 days of supervised treatment,
in synch with the improvement of their acute symptoms of
bipolar disorder. Our results confirm those already reported in
other studies in which CRP detected in the various stages of
bipolar disorder disease was higher in untreated patients, possibly
due to a direct protective role of medication treatment (i.e.,
mood stabilizers or atypical antipsychotics) against the patient’s
inflammatory state or due to the improvement in bipolar disease
related to the use of appropriate medications (15, 16). For
instance, Van den Ameele et al. found that untreated patients with
BD showed disease-related inflammatory cytokine alterations,
while patients in a state of euthymia and receiving a treatment
with mood stabilizers such as lithium, had similar values to
healthy controls, this suggesting a role of medications such as
lithium in normalizing the immune system (20).

This study has several limitations. First, the observation
period was short, and we were unable to report on the longer-
term changes of CRP, for instance during the euthymia period.
Second, the concentration of baseline CRP exhibited a large
interindividual variability. Third, the sample size was small.
Fourth, we were unable to establish if the decrease in CRP
was specifically related to specific medications or were instead
due to other factors (i.e., admission to the hospital). Finally,
possible confounding effects on the CRP serum caused by minor
comorbidities were not considered.

Because of the factors above, we were unable to establish if
the decrease in inflammatory markers was primarily a direct
effect of the medications that were prescribed during inpatient
stay, or may also be related to other factors, such as the
inpatient admission itself, psychoeducation, and the consequent
improvement in circadian rhythms and daily routine. Indeed,
the positive correlation between CRP and a higher degree of
symptoms severity could be related to the activation of the stress
response induced by symptoms such as increased psychomotor
activity and lack of sleep, via complex interplay of endocrine,
nervous, and immune mechanisms that involve activation of the
sympathetic-Adreno-Medullar (SAM) axis, the Hypothalamus-
Pituitary-Adrenal (HPA) axis, and the immune system (21).
Nonetheless, our results confirm a relationship between CRP
and clinical status, with a decrease in CRP as patients’ acute
symptoms improved. A recent paper evaluated the association
between inflammation and specific symptoms of depression and
suggested symptom-specific rather than generalized effects of
inflammation on depression (22).

Studying the relationship between the improvement of the
acute symptoms of bipolar disorder and the reduction of
the C-reactive protein levels may hypothesize new clinically-
oriented research: (1) whether and how much an early
improvement of inflammatory markers indicates the efficacy
of a new treatment; (2) whether and which anti-inflammatory
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TABLE 2 | Spearman’s correlation coefficient at TO and T1.

CRP TO CGI OBI TO CGl Depression TO CGl Mania TO
CRP TO 1.0000
CGI OBITO 0.7607* 1.0000
CGl Depression TO 0.4017* 0.3871* 1.0000
CGI Mania TO 0.8811* 0.7185* 0.4517* 1.0000
CRPT1 CGI OBI T1 CGl Depression T1 CGI Mania T1
CRP T1 1.0000
CGI OBIT1 0.3330" 1.0000
CGl Depression T1 0.6609* 0.2661* 1.0000
CGI Mania T1 0.4998* 0.4249* 0.4708* 1.0000
*p < 0.05.

treatments can reduce bipolar disorder symptoms; and (3) if
the decrease of inflammatory markers is directly correlated
with an improvement of bipolar disorder symptoms or if the
improvement of inflammatory markers indicates the change of
a third factor (e.g., an infection, a change in microbiota, etc.) that
is correlated with the symptoms of bipolar disorder and that may
become a future target of bipolar disorder treatment.

Specifically, a pooled analysis of population-based cohort
studies, reported that higher concentrations of CRP were strongly
associated with the presence of four physical symptoms (loss of
energy, sleep problems, changes in appetite, fatigue) and one
cognitive symptom (lack of interest in doing things). Following
these suggestions, future studies could further investigate the
relationship between inflammatory markers, such as CRP, and
specific symptoms of bipolar disease.

CONCLUSIONS

A significant decrease in CRP was observed in patients admitted
to the inpatient unit during the first 7 days of treatment, as
their symptoms of bipolar disorder improved. It remains to
be established which specific factor contribute to the decrease
in CRP and whether the decrease of CPR is related to an
improvement of bipolar disorder symptoms or vice-versa.

REFERENCES

1. Kupfer DJ. The increasing medical burden in  bipolar
disorder. JAMA. (2005) 293:2528-30. doi:  10.1001/jama.293.20.
2528

2. Fagiolini A, Kupfer DJ, Houck PR, Novick DM, Frank E. Obesity as a correlate
of outcome in patients with bipolar I disorder. Am ] Psychiatry. (2003)
160:112-7. doi: 10.1176/appi.ajp.160.1.112

3. Fagiolini A, Frank E, Scott JA, Turkin S, Kupfer DJ. Metabolic
syndrome in  bipolar findings from the Bipolar
Disorder ~ Center for Pennsylvanians.  Bipolar  Disord.  (2005)
7:424-30. doi: 10.1111/§.1399-5618.2005.00234.x

4. Black DW, Winokur G, Hulbert ], Nasrallah A. Predictors of
immediate response in the treatment of mania: the importance of
comorbidity. Biol Psychiatry. (1988) 24:191-8. doi: 10.1016/0006-3223(88)
90274-0

disorder:

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary materials, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the University of Siena and Area

Vasta - South-East Institutional Review Board -
Ethics Committee. The patients/participants provided
their ~ written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

AC, DK, and AF contributed to conception and design of the
study. AS organized the database. GB and AS performed the
statistical analysis. AC, DK, and SB wrote the first draft of the
manuscript. AG and GB wrote sections of the manuscript. All
authors contributed to manuscript revision, read, and approved
the submitted version.

5. Black DW, Winokur G, Bell S, Nasrallah A, Hulbert J. Complicated mania.
Comorbidity and immediate outcome in the treatment of mania. Arch Gen
Psychiatry. (1988) 45:232-6. doi: 10.1001/archpsyc.1988.01800270040005

6. Black DW, Hulbert J, Nasrallah A. The effect of somatic treatment and
comorbidity on immediate outcome in manic patients. Compr Psychiatry.
(1989) 30:74-9. doi: 10.1016/0010-440X(89)90119-3

7. Hajek T, Slaney C, Garnham J, Ruzickova M, Passmore M,
Alda M. Clinical correlates of current level of functioning in
primary  care-treated  bipolar  patients.  Bipolar  Disord.  (2005)

7:286-91. doi: 10.1111/j.1399-5618.2005.00182.x

8. Katon WJ. Clinical and health services relationships between major
depression, depressive symptoms, and general medical illness. Biol Psychiatry.
(2003) 54:216-26. doi: 10.1016/S0006-3223(03)00273-7

9. Osby U, Brandt L, Correia N, Ekbom A, Sparen P. Excess mortality in
bipolar and unipolar disorder in Sweden. Arch Gen Psychiatry. (2001) 58:844-
50. doi: 10.1001/archpsyc.58.9.844

Frontiers in Psychiatry | www.frontiersin.org 4

December 2021 | Volume 12 | Article 803034


https://doi.org/10.1001/jama.293.20.2528
https://doi.org/10.1176/appi.ajp.160.1.112
https://doi.org/10.1111/j.1399-5618.2005.00234.x
https://doi.org/10.1016/0006-3223(88)90274-0
https://doi.org/10.1001/archpsyc.1988.01800270040005
https://doi.org/10.1016/0010-440X(89)90119-3
https://doi.org/10.1111/j.1399-5618.2005.00182.x
https://doi.org/10.1016/S0006-3223(03)00273-7
https://doi.org/10.1001/archpsyc.58.9.844
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Cuomo et al.

Biomarkers, Inflammation, and Bipolar Disorder

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Shih PB. Metabolomics Biomarkers for Precision Psychiatry. Adv Exp Med
Biol. (2019) 1161:101-13. doi: 10.1007/978-3-030-21735-8_10

Macaluso M, Preskorn SH. How biomarkers will change psychiatry: from
clinical trials to practice. Part I: introduction. J Psychiatr Pract. (2012) 18:118-
21. doi: 10.1097/01.pra.0000413277.11091.25

Wang LY, Chiang JH, Chen SE Shen YC. Systemic autoimmune
diseases are associated with an increased risk of bipolar disorder:
a nationwide population-based cohort study. J Affect Disord. (2018)
227:31-7. doi: 10.1016/j.jad.2017.10.027

Rosenblat JD, MclIntyre RS. Bipolar disorder and immune dysfunction:
epidemiological findings, proposed pathophysiology and clinical implications.
Brain Sci. (2017) 7:144. doi: 10.3390/brainsci7110144

Wadee AA, Kuschke RH, Wood LA, Berk M, Ichim L, Maes M.
Serological observations in patients suffering from acute manic episodes. Hum
Psychopharmacol. (2002) 17:175-9. doi: 10.1002/hup.390

Fernandes BS, Steiner J, Molendijk ML, Dodd S, Nardin P, Goncalves CA, et
al. C-reactive protein concentrations across the mood spectrum in bipolar
disorder: a systematic review and meta-analysis. Lancet Psychiatry. (2016)
3:1147-56. doi: 10.1016/S2215-0366(16)30370-4

Fernandes BS, Molendijk ML, Kohler CA, Soares JC, Leite CM, Machado-
Vieira R, et al. Peripheral brain-derived neurotrophic factor (BDNF) as a
biomarker in bipolar disorder: a meta-analysis of 52 studies. BMC Med. (2015)
13:289. doi: 10.1186/s12916-015-0529-7

Munkholm K, Jacoby AS, Lenskjold T, Bruunsgaard H, Vinberg
M, Kessing LV. Leukocytes in peripheral blood in patients with
bipolar disorder - Trait and state alterations and association with
levels of cytokines and C-reactive protein. Psychiatry Res. (2018)
261:383-90. doi: 10.1016/j.psychres.2018.01.022

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) 9:46-56. doi: 10.1038/nrn2297

Cunha AB, Andreazza AC, Gomes FA, Frey BN, da Silveira LE, Goncalves
CA, etal. Investigation of serum high-sensitive C-reactive protein levels across
all mood states in bipolar disorder. Eur Arch Psychiatry Clin Neurosci. (2008)
258:300-4. doi: 10.1007/s00406-007-0797-0

van den Ameele S, van Diermen L, Staels W, Coppens V, Dumont G,
Sabbe B, et al. The effect of mood-stabilizing drugs on cytokine levels

in bipolar disorder: a systematic review. J Affect Disord. (2016) 203:364-
73. doi: 10.1016/j.jad.2016.06.016

21. Evers AK, Veeh J, McNeill R, Reif A, Kittel-Schneider S. C-reactive protein
concentration in bipolar disorder: association with genetic variants. Int J
Bipolar Disord. (2019) 7:26. doi: 10.1186/s40345-019-0162-z

22. Frank P, Jokela M, Batty GD, Cadar D, Steptoe A, Kivimaki M.
Association between systemic inflammation and individual symptoms of
depression: a pooled analysis of 15 population-based cohort studies. Am
J Psychiatry. (2021). doi: 10.1176/appi.ajp.2021.20121776. [Epub ahead
of print].

Conflict of Interest: AF is/has been a consultant and/or a speaker and/or has
received research grants from Angelini, Apsen, Boheringer Ingelheim, Daiichi
Sankyo, Doc Generici, Glaxo Smith Kline, Italfarmaco, Lundbeck, Janssen, Mylan,
Neuraxpharm, Otsuka, Pfizer, Recordati, Sanofi Aventis, Sunovion, Vifor. AC
is/has been a consultant and/or a speaker for Angelini, Glaxo Smith Kline,
Lundbeck, Janssen, Otsuka, Pfizer, Recordati.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Cuomo, Koukouna, Spiti, Barilla, Goracci, Bolognesi and
Fagiolini. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Psychiatry | www.frontiersin.org

December 2021 | Volume 12 | Article 803034


https://doi.org/10.1007/978-3-030-21735-8_10
https://doi.org/10.1097/01.pra.0000413277.11091.25
https://doi.org/10.1016/j.jad.2017.10.027
https://doi.org/10.3390/brainsci7110144
https://doi.org/10.1002/hup.390
https://doi.org/10.1016/S2215-0366(16)30370-4
https://doi.org/10.1186/s12916-015-0529-7
https://doi.org/10.1016/j.psychres.2018.01.022
https://doi.org/10.1038/nrn2297
https://doi.org/10.1007/s00406-007-0797-0
https://doi.org/10.1016/j.jad.2016.06.016
https://doi.org/10.1186/s40345-019-0162-z
https://doi.org/10.1176/appi.ajp.2021.20121776
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Biomarkers, Inflammation, and Bipolar Disorder: Association Between the Improvement of Bipolar Disorder Severity and the Improvement in C-Reactive Protein Levels After 7 Days of Inpatient Treatment
	Introduction
	Materials and Methods
	Endpoints
	Blood Tests and Psychometric Scales
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


