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Abstract

Rationale and Objectives: Increased levels of high-sensitivity C-reactive protein (CRP) are associated with mood symptoms in adults with bipolar
disorder (BD). The few studies on this topic in youth with BD have not included controls. We, therefore, examined CRP levels in relation to symptomatic
status in youth with and without BD.

Methods: Participants included 154 youth (mean age 17 years; 48 asymptomatic BD, 39 symptomatic BD, 67 healthy controls (HC)). Rank analysis of
covariance test examined group differences in CRP, controlling for age and sex. Correlation between CRP and mood symptom severity was examined
using Spearman’s correlation within the BD group.

Results: There were significant group differences in CRP levels (F, 151,=5.06, p=0.007, 12 = 0.06); post hoc analyses showed higher CRP levels in the
symptomatic BD group compared with HC (p=0.01). In sensitivity analyses, this finding was no longer significant after controlling for body mass index
(BMI). CRP was not significantly associated with symptomatic severity.

Conclusions: CRP levels are elevated among symptomatic youth with BD, partly related to BMI. As elevated BMI is associated with mood symptom
burden, prospective studies are warranted to parse the associations among mood symptoms, BMI, and inflammation. Given the proportion of time
that youth with BD are symptomatic, present findings raise concern about the long-term impact of elevated CRP on blood vessels, brain, and related
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clinical outcomes.
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Introduction

Bipolar disorder (BD) is a chronic, severe, and disabling medi-
cal illness that typically onsets during adolescence or young
adulthood (GBD, 2018; Perlis et al., 2004). Approximately 60%
of BD patients reported their first mood episode in childhood or
adolescence, with BD youth spending approximately two-thirds
of their time being symptomatic (Birmaher et al., 2009). The
identification of reliable biomarkers for assisting with early dis-
ease diagnosis, treatment selection, and prognostication is a
major priority in the field of BD (Frey et al., 2013; Roda et al.,
2015). Evidence has pointed out the importance of inflammatory
processes in the underlying pathology of BD, and the processes
have been suggested to be associated with BD symptomatology
(Goldstein et al., 2009; Miklowitz et al., 2016; Muneer, 2016;
Ortiz-Dominguez et al., 2007).

High-sensitivity C-reactive protein (CRP) is one of the most
commonly used, clinically relevant, and sensitive peripheral indi-
cators of inflammatory activity (Pepys and Hirschfield, 2003).
CRP is produced during inflammatory conditions primarily in the
liver by the induction of pro-inflammatory cytokines such as
interleukin-1 and interleukin-6 (Sproston and Ashworth, 2018).
Upon release to the system, CRP activates the complement path-
way to initialize pathogen opsonization (Sproston and Ashworth,
2018). Meta-analyses demonstrate that CRP levels are elevated
in adults with BD, particularly during mania, and that CRP levels
decreased following treatment and after symptomatic remission

(Fernandes et al., 2016b; Uyanik et al., 2015). Moreover, studies
that looked at the link between CRP and symptom severity dem-
onstrate that elevated CRP levels are associated with higher
mania and/or depressive severity score (De Berardis et al., 2008;
Ford and Erlinger, 2004). Elevated CRP levels are not unique to
BD and are also evident in other psychiatric disorders such as
schizophrenia and major depressive disorder (Fernandes et al.,
2016a, 2016b; Howren et al., 2009). While CRP is nonspecific
and levels are readily influenced by environmental factors, CRP
genetic factors are associated with the risk of BD and with ele-
vated CRP levels in BD (Prins et al., 2016; Wium-Andersen
etal., 2016).

Despite the burgeoning literature on CRP and BD symptoma-
tology in adults, relatively few studies have examined this topic
in youth, and no studies in youth with BD have included a healthy
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control (HC) comparison group. A preliminary study in 30 youth
with BD reported an association between elevated CRP and
greater hypomanic/manic symptom severity (Goldstein et al.,
2011a). A subsequent study from the Course and Outcome of
Bipolar Illness in Youth (COBY) study found that higher CRP is
associated with higher maximum depression severity in the pre-
ceding months (Goldstein et al., 2015b).

In this study, we set out to build on the sparse literature
regarding CRP among youth with BD by including an HC group
and by evaluating symptomatic status categorically and dimen-
sionally. Examining this topic in the youth population is advanta-
geous since youth are less impacted by the allostatic load of BD,
have fewer medical comorbidities, and less exposure to treat-
ment. We hypothesized that CRP would be significantly higher in
symptomatic BD youth compared with HC youth, with asympto-
matic BD youth having intermediate CRP levels. We further
hypothesized that depressive and hypomanic symptom severity
will be positively associated with CRP levels.

Materials and methods
Participants

This study recruited a total of 154 English-speaking participants,
including 87 BD (asymptomatic »=48; symptomatic n=39), and
67 HC between the ages of 13 and 20years. BD youth with a
diagnosis of BD-I (bipolar I disorder), BD-II, (bipolar II disor-
der), or BD-NOS (Not Otherwise Specified; akin to Other
Specified Bipolar and Related Disorder) were recruited from the
Centre for Youth Bipolar Disorder (CYBD), a tertiary subspe-
cialty clinic in Toronto, Canada. HC participants were recruited
through community advertisements on public transit and in local
flyers. Exclusion criteria include use of anti-inflammatory medi-
cation, pre-existing cardiac, inflammatory, and/or autoimmune
illness, infectious illness in the past 14 days, or inability to pro-
vide inform consent. HC participants underwent the Kiddie
Schedule for Affective Disorders and Schizophrenia for School
Age Children, Present and Lifetime version (K-SADS-PL) inter-
view to confirm diagnoses (Kaufman et al., 1997). HC partici-
pants were excluded if they had lifetime mood or psychiatric
disorders; first- or second-degree family history of BD; psychotic
disorders; exposure to psychiatric medications in the past 3
months; or recent alcohol/drug dependence. Written informed
consent was obtained from all participants and their parent/
guardian prior to participation. All study procedures were
approved by the research ethics board at Sunnybrook Health
Sciences Centre.

Psychiatric and anthropometric measures

The K-SADS-PL semistructured diagnostic interview was used to
assess present and lifetime history of psychiatric diagnoses

(Kaufman et al., 1997). The Diagnosis and Statistical Manual of

Mental Disorders, 4th Edition criteria (DSM-1V) was used for the
clinical diagnosis of BD-I and BD-II (Kaufman et al., 1997). The
Diagnosis and Statistical Manual of Mental Disorders, 5Sth
Edition (DSM-5) criteria were not used since the DSM-5 version
of the K-SADS-PL was published in 2016, whereas recruitment
for this study started in 2012. The K-SADS-PL is a semistructured

diagnostic interview designed for use with children and adoles-
cents for the assessment of present and lifetime history of psychi-
atric diagnoses (Kaufman et al., 1997). The KSADS Depression
Rating Scale (DRS) and the Mania Rating Scale (MRS) were used
to assess related diagnosis and mood symptom severity scores
(Axelson et al., 2003; Chambers et al., 1985). Diagnosis criteria of
BD-NOS were established using operationalized criteria defined
in the COBY study (Birmaher et al., 2006). Age of onset was
defined as the age when the participant first experienced an epi-
sode of hypomania or mania. The Adolescent Longitudinal
Interval Follow-Up Evaluation (A-LIFE) Psychiatric Status
Rating (PSR) scale was used to rate depressive, manic, and hypo-
manic symptom severity in weekly intervals for the past 3 months
(Keller et al., 1987). PSR was scored using a 6-point rating scale
with a higher number indicating increasing symptom severity.
Individuals with depression, and/or mania, and/or hypomania
with a PSR score >4 from the last week were defined as sympto-
matic, whereas individuals with a score <4 were defined as
asymptomatic. Family psychiatric history for participant’s first-
and second-degree relatives was assessed using the Family
History Screen Interview (Weissman et al., 2000). Information
regarding psychotropic medication use and tobacco use was col-
lected during the K-SADS-PL interview. Pubertal Developmental
Scale was used to evaluate physical development with its five
stages equivalent to Tanner stages (Petersen et al., 1988). All
interviews were conducted by trained research staff under the
supervision of the senior author (B.1.G); all diagnoses were con-
firmed during consensus conferences by a licensed child-adoles-
cent psychiatrist prior to inclusion in the study.

Participant’s weight in kilograms and height in centimeters
were measured using a digital scale and a wall-mounted stadiom-
eter, respectively. For each participant, weight and height were
measured twice and reported as an average for accuracy consid-
eration (Krebs et al., 2007). Body mass index (BMI) was com-
puted as the ratio between weight and squared height. Blood
pressure was measured using the Life Source Digital Pressure
Monitor.

Biochemical assay

Participants were instructed to refrain from smoking tobacco,
consuming alcohol, and/or any illicit drugs for 24 h prior to study
visit. Fasting blood samples were collected via antecubital veni-
puncture. CRP levels (mg/L) in serum were measured by the hos-
pital blood laboratory using the Tina-Quant C-Reactive Protein
(CRPL3) Gen.3 immunoturbidimetric assay on a Roche Cobas®
702 analyzer (Roche Diagnostics, IN, USA). The detection limit
for CRP was 0.20mg/L.

Statistical analysis

All statistical analyses were performed using the SPSS statistic
software version 26 (IBM; NY, USA). Normality and homogene-
ity of variance assumptions were checked for all continuous vari-
ables using Shapiro-Wilk’s and Levene’s test, respectively.
Group differences in demographic and clinical characteristics
were examined using t-tests or one-way analysis of variance
(ANOVA) as appropriate for continuous variables. Chi-square
tests were used to examine groups difference for categorical
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Table 1. Demographic and physical characteristics.
HC Asymptomatic BD Symptomatic BD F/H/ y?  p-value  Effect size
(n=67) (n=48) (n=39)

Age 17.06 = 1.38 17.51+1.60 17.43 £1.64 1.42 0.25 0.02
Sex (n, % female) 39 (58%) 31 (65%) 27 (69%) 1.36 0.51 0.09
Race (1, %)° European 36 (54%) 37 (77%) 29 (74.5%) 27.59 0.02*  0.30

South East/Eastern Asian 12 (18%) 1 (2%) 2 (5.1%)

Black or African 7 (10.5%) 1 (2%) 0 (0%)

South Asian 5 (7.5%) 0 (0%) 1 (2.6%)

Hispanic 2 (3%) 2 (4%) 2 (5.1%)

Aboriginal 0 (0%) 0 (0%) 1 (2.6%)

West Asian or Middle 0 (0%) 1 (2%) 1 (2.6%)

Eastern

Other 5 (7%) 6 (13%) 3 (7.5%)
Intact family (1, % yes) 45 (67%) 32 (67%) 25 (64%) 0.11 0.95 0.03
BMI (adjusted)a 22.20£3.69 23.28 £3.57 25.66 £5.60 14.34 0.001* 0.08
Blood pressure diastolic 68.16 = 7.69 69.49 +7.35 70.299.10 0.95 0.39 0.01
Blood pressure systolic 107.60+12.30  108.63 £12.60 110.55+13.34 0.67 0.51 0.01
Tanner Staged 20 (30%) 25 (53%) 26 (70%) 20.33 0.002*  0.26

4 41 (62%) 19 (41%) 9 (24%)

3 5 (8%) 3 (6%) 1 (3%)

2 0 (0%) 0 (0%) 1 (3%)
CRP (mg/L)=1 (n, %)e 13 (19%) 20 (42%) 17 (46%) 9.27 0.01*  0.25
CRP (mg/L) =3 (n, %)e 4 (6%) 9 (19%) 9 (23%) 7.03 0.03*  0.21
CRP (mg/L) =5 (n, %)f 1 (1%) 2 (4%) 5 (13%) 6.57 0.04*  0.21

BD: bipolar disorder; HC: healthy control; BMI: body mass index. CRP: high-sensitivity C-reactive protein.

Non-normally distributed, examined using nonparametric Kruskal-Wallis test.

Results are reported as mean = standard deviation (SD) unless otherwise specified.

Effect size was reported as partial eta square=m. for ANOVA, eta square=n? for Kruskal-Wallis, and Cramér’s V=V for Crosstab
Missing cases (n): blood pressure diastolic (2); blood pressure systolic (1); Tanner stage (4).

aSymptomatic showed higher value compared with HC.
bAsymptomatic showed higher value compared with HC.

cHC showed higher percentage of South East/Eastern Asian ancestry than the other two groups.
dSymptomatic showed lower percentage of stage 4 and higher percentage of stage 5 compared with HC.

eHC showed lower percentage compared with the other two groups.
fSymptomatic group showed higher percentage than the other two groups.
*Significant difference.

variables. Nonparametric tests were used for continuous varia-
bles that were not normally distributed.

Both raw and log-transformed CRP values were not normally
distributed; therefore, the Kruskal-Wallis test was used on the
raw CRP data (Supplementary Figure 1). Quade’s rank analysis
of covariance (ANCOVA) test was used to examine group differ-
ences in CRP levels, controlling for age and sex (Quade, 1967).
Briefly, dependent and independent variables were ranked prior
to inclusion in the ANCOVA model. Linear regression was per-
formed with the dependent variable’s rank and the covariates’
ranks to obtain the adjusted CRP ranks. The final step involves
between-group comparison based on the adjusted CRP rank. In
sensitivity analysis, BMI was included as an additional covariate.
Rank correlation coefficients (Spearman’s 7) were computed to
examine the association between CRP and PSR rating for
(1) depression, (2) hypomania, or (3) depression and hypomania
combined symptom severity scores. Within the BD group, the
associations between the current medication use of antidepres-
sants (combining selective serotonin reuptake inhibitor (SSRI)
and non-SSRI antidepressants), lithium, and second-generation
antipsychotic (SGA) with CRP levels were investigated using

Mann—Whitney U test. Effect sizes are reported as Cramér’s V' (V),
Cohen’s d (d), or partial eta/eta squared (13 /). Statistical sig-
nificance was set at a.=0.05 (two-tailed), and Bonferroni correc-
tion was used to correct for multiple group comparisons.

Results

Demographic characteristics are summarized in Table 1. The HC
group was more likely to be of South East/Eastern Asian ancestry
(x>=27.59, p=0.02, ¥=0.30) than the other two groups. The per-
centage of Tanner stage 4 was lower, and that of stage 5 was
higher in the symptomatic BD compared with HC (y2=20.33,
p=0.002, =0.26). BMI (H=14.34, p=0.001, >=0.08) was
greater in the symptomatic BD group compared with HC. There
was significantly greater proportion of participants in the asymp-
tomatic and symptomatic BD groups with CRP levels =1 or
=3 mg/L compared with the HC group. In addition, the propor-
tion of participants with CRP =5 mg/L was significantly greater
in the symptomatic BD group compared with the other two
groups. There were no significant between-group differences in
age or sex.
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Table 2. Psychiatric clinical characteristics.

Asymptomatic BD Symptomatic BD t/y? p-value Effect size

(n=48) (n=39)
BD-I 19 (40%) 8 (20%) 10.36 0.01*
BD-II 10 (20%) 21 (54%) 0.35v
BD-NOS 19 (40%) 10 (26%)
Age of onset 14.95+2.98 15.00+2.36 0.09 0.93 0.02d
PSR hypomania symptom severity 1.31£0.66 2.05*+1.61 2.91 0.005* 0.60¢
PSR depression symptom severity 1.69 £0.88 3.97 £ 1.41 9.27 <0.001* 1.944
MRS 8.00£10.38 14.59 £13.5 2.57 0.01* 0.55¢
DRS 12.19 £10.31 22.77 £9.26 4.98 <0.001* 1.08¢
Lifetime clinical characteristics
Lifetime psychosis 10 (21%) 5 (13%) 0.97 0.33 0.11v
Lifetime suicide attempts 4 (8%) 10 (26%) 4.41 0.04* 0.23Y
Lifetime self-injurious behavior 23 (48%) 20 (51%) 0.01 0.91 0.01v
Lifetime suicidal ideation 22 (48%) 26 (67%) 3.05 0.08 0.19v
Legal history (police contact/arrest) 7 (16%) 9 (23%) 0.77 0.38 0.10v
Lifetime physical and/or sexual abuse 5 (11%) 5 (13%) 0.13 0.72 0.04"
Lifetime psychiatric hospitalization 21(44%) 15 (38%) 0.25 0.62 0.05Y
Lifetime comorbid diagnoses
ADHD 27 (56%) 13 (33%) 4.55 0.03* 0.23
Anxiety disorder 39 (81%) 32 (82%) 0.01 0.92 0.01Y
Number of anxiety disorders 1.69+1.26 1.82+1.27 0.49 0.63 0.10v
Conduct disorder 1 (2%) 1 (3%) 0.02 0.88 0.02"
Oppositional defiant disorder 12 (25%) 10 (26%) 0.01 0.95 0.01v
Substance use disorder 11 (23%) 9 (23%) 0.001 0.97 0.004"
Nicotine use 5 (11%) 7 (21%) 1.45 0.23 0.14v
Current medications
Second-generation antipsychotics 29 (60%) 27 (69%) 0.73 0.39 0.09"
Lithium 12 (25%) 10 (26%) 0.01 0.95 0.01v
Non-SSRI antidepressants 1 (2%) 2 (5%) 0.60 0.44 0.08"
SSRI antidepressants 3 (6%) 10 (26%) 6.37 0.01* 0.27v
Stimulants 5 (10%) 4 (10%) 0.001 0.98 0.003"
Any medication 41 (85%) 36 (92%) 1.00 0.32 0.11¥
Family psychiatric history
Mania/hypomania 22 (46%) 20 (51%) 0.26 0.61 0.05"
Depression 35 (73%) 30 (77%) 0.18 0.67 0.05Y
Anxiety 23 (48%) 21 (54%) 0.30 0.58 0.06"
ADHD 16 (33%) 17 (44%) 0.96 0.33 0.11v

BD: bipolar disorder; NOS: not otherwise specified; HC: healthy control; PSR: Psychiatric Status Rating; DRS: KSADS Depression Rating Scale; MRS: KSADS Mania Rating
Scale; ADHD: attention deficit-hyperactivity disorder; SSRI: selective serotonin reuptake inhibitor.

Results are reported as mean = standard deviation (SD) or percentage (%) unless otherwise specified.

Missing cases (n): age of onset (4); lifetime suicidal ideation (2); lifetime physical and/or sexual abuse (2); legal history (3); lifetime substance use disorder (1); nico-

tine use (7).
Effect size was reported as Cohen’s d=d for t-test and Cramér’s V=V for Crosstab.
*Significant difference.

Clinical characteristics in the asymptomatic and symptomatic
BD groups are summarized in Table 2. Severity of hypomania
symptom (1=2.91, p=0.005, d=0.60), severity of depression
symptom (¢=9.27, p<0.001, d=1.94), MRS (¢=2.57, p=0.01,
d=0.55), and DRS (#=4.98, p<0.001, d=1.08) were higher in
symptomatic BD group. There was a higher percentage of BD-II
participants (x2=10.36, p=0.01, ¥=0.35), greater lifetime sui-
cide attempts (y2=4.41, p=0.04, '=0.23), lifetime prevalence of
attention deficit-hyperactivity disorder (y2=4.55, p=0.03,

7=0.23), and current use of SSRI (y2=6.37, p=0.01, ¥=0.27) in
the symptomatic versus asymptomatic BD group.

There were significant differences in CRP levels between
groups (Hg)=11.59, p=0.003, n2=0.07) with a medium effect
size, and this finding remained significant after controlling for
age and sex (F,s5,=5.06, p=0.007, np =0.06; Figure 1(a)).
Post hoc analyses revealed higher CRP levels in the symptomatic
BD group compared with HC both before (»=0.006) and after
(p=0.01) controlling for age and sex. CRP levels were also
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Figure 1. (a) Rank-ANCOVA analysis for CRP group comparison controlling for age and sex. There was a significant group difference in CRP levels
(F2,151y=5-06, p=0.007, nf] =0.06). Post hoc analyses revealed significantly higher CRP levels in the symptomatic BD group (p=0.01) compared
with the HC group. Results are reported as mean ranks = standard error. (b) Sensitivity analysis further controlling for BMI (F;,15,)=1.88, p=0.16,

. =0.02).

higher in the asymptomatic BD group compared with the HC
group (p=0.04), but this finding did not remain significant
(»=0.06) after controlling for age and sex. Sensitivity analysis
further controlling for BMI was no longer significant
(Fa,51=1.88, p=0.16, n; = 0.02; Figure 1(b)).

There were no significant associations between CRP levels
and depression, hypomania, or combined depression and hypo-
mania symptom severity scores within BD. No significant group
differences were observed for CRP levels between the BD groups
with and without current use of antidepressants, lithium, or SGA.

Discussion

This study adds to the limited literature regarding the association
between blood CRP levels and mood symptoms in youth with
BD. We found significantly higher CRP levels in the sympto-
matic BD group compared with HC, with a medium effect size,
explained in part by BMI. There were no significant associations

between symptom severity and CRP levels, and CRP was not
associated with medication use.

CRP predicts future cardiovascular disease (CVD) over and
above traditional cardiovascular risk factors (Collaboration et al.,
2010; Ridker et al., 1997, 2000). This is particularly relevant for
youth with BD, who are at increased risk for early onset of CVD
and increased CVD mortality (Goldstein et al., 2015a; Miller and
Bauer, 2014; Weiner et al., 2011). Given that youth with BD
spend approximately 60% of the time in symptomatic intervals,
this raises concerns regarding the long-term impact of elevated
CRP levels on the brain and body in this population (Birmaher
et al., 2009).

There are a number of putative mechanisms through which
inflammation may impact mood symptoms, and these have
been elaborated in several reviews on this topic (Goldstein and
Young, 2013; Jones et al., 2020; Leonard, 2010; Lima Giacobbo
et al., 2019; Rosenblat and McIntyre, 2017). Specifically, these
includes the role of CRP in increasing the permeability of the
brain—blood barrier, activating microglia, increasing oxidative
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stress, and alternating neurotransmitter production and metabo-
lism (Hsuchou et al., 2021; Jones et al., 2020; Savitz et al., 2015a,
2015b; Van den Ameele et al., 2020; Watkins et al., 2014).

This study found elevated CRP levels in the symptomatic
youth with BD compared with the HC group. Higher CRP levels
were also observed in the asymptomatic BD group compared
with HC, but this finding did not remain significant after control-
ling for age and sex. These findings align with literature in adults
with BD. A recent meta-analysis in a large sample of 2161 adults
with BD across 27 studies demonstrated that CRP levels are sub-
stantially elevated during mania, with more moderate but signifi-
cant elevations during depression and euthymia compared with
HC (Fernandes et al., 2016b). However, individual studies on this
topic have yielded variable findings (Bai et al., 2014; Chang
et al.,, 2017; De Berardis et al., 2008; Dickerson et al., 2015;
Hope et al., 2011; Jacoby et al., 2016).

In this study, we found no significant associations between
CRP levels and depression, hypomania, or combined symptom
severity scores. In contrast, a prior study in youth with BD
observed a positive association between CRP levels with hypo-
manic/manic symptom severity score (Goldstein et al., 2011a).
This difference may be attributed to methodological differences;
the prior study used mood scores during the worst week in the
past month, whereas we used mood scores during the week pre-
ceding blood draw. Literature regarding CRP levels and symp-
tom severity among adults with BD is inconsistent; while a recent
meta-analysis found that CRP levels were not significantly cor-
related with mood symptom severity (Fernandes et al., 2016b),
there is a mix of positive and null findings (Cunha et al., 2008;
De Berardis et al., 2008; Ford and Erlinger, 2004).

Finally, the findings of this study did not remain significant
after further controlling for BMI, suggesting that this association
might be partly related to BMI. While BMI may have a con-
founding effect on the observed associations, the relationship
among BMI, CRP, and mood is complex. BMI is strongly associ-
ated with CRP and also significantly associated with symptom
burden (Goldstein et al., 2011b; Luppino et al., 2010; McElroy
and Keck, 2012; Tashakori et al., 2016). As such, controlling for
BMI renders the variance between the symptomatic and asymp-
tomatic groups insignificant.

This study has a few limitations to consider. First, the cross-
sectional study design precludes examination of the temporal
association between CRP and mood. Second, the sample was het-
erogeneous, with variability related to numerous potentially con-
founding factors such as specific medications, BD subtypes,
alcohol and drug use, comorbidity, family history, and childhood
adversity. While this is among the larger studies on the topic, the
study was not powered to examine all of these covariates.
Similarly, we combined depressive and hypomanic/manic groups
into one large symptomatic group due to the limited number of
participants with hypomania at the time of blood draw in this
outpatient sample. Finally, although we did not identify signifi-
cant medication-related differences in sensitivity analyses, the
vast majority of BD participants were naturalistically treated
with psychotropic medication and we cannot completely elimi-
nate its possible confounding effect. Integrating CRP within pla-
cebo-controlled clinical trials in youth with BD is warranted to
extend upon current findings.

To our knowledge, no prior studies have examined sympto-
matic status both categorically and dimensionally with CRP

levels among youth with BD with an inclusion of an HC group.
Overall, this study, with its limitations acknowledged, adds to the
sparse literature regarding the association between CRP levels
and mood symptoms in youth with BD. Our findings lend further
support for the potential use of CRP as a clinically relevant bio-
marker in youth BD and raise concern regarding the long-term
impact of persistently elevated CRP levels on the brain and vas-
cular health of youth with BD. Future longitudinal studies exam-
ining CRP across mood states and examining CRP in relation to
brain and cardiovascular outcomes are warranted.
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