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Clinically relevant and simple immune system
measure 1s related to symptom burden in

bipolar disorder

Kohler-Forsberg O, Sylvia L, Deckersbach T, Ostacher MJ, Mclnnis M,
ITosifescu DV, Bowden CL, McElroy S, Calabrese JR, Thase M, Shelton
RC, Tohen M, Kocsis JH, Friedman ES, Ketter TA, Nierenberg AA.
Clinically relevant and simple immune system measure is related to
symptom burden in bipolar disorder.

Objective: Immunological theories, particularly the sickness syndrome
theory, may explain psychopathology in mood disorders. However, no
clinical trials have investigated the association between overall immune
system markers with a wide range of specific symptoms including
potential gender differences.

Methods: We included two similar clinical trials, the lithium treatment
moderate-dose use study and clinical and health outcomes initiatives in
comparative effectiveness for bipolar disorder study, enrolling 765
participants with bipolar disorder. At study entry, white blood cell
(WBC) count was measured and psychopathology assessed with the
Montgomery and Aasberg depression rating scale (MADRS). We
performed analysis of variance and linear regression analyses to
investigate the relationship between the deviation from the median WBC,
and multinomial regression analysis between different WBC levels. All
analyses were performed gender-specific and adjusted for age, body mass
index, smoking, race, and somatic diseases.

Results: The overall MADRS score increased significantly for

each 1.0x 10°/1 deviation from the median WBC among 322 men
(coefficient=1.10; 95% CI=0.32-1.89; p =0.006), but not among 443
women (coefficient =0.56; 95% CI= —-0.19-1.31; p=0.14). Among
men, WBC deviations were associated with increased severity of sadness,
inner tension, reduced sleep, reduced appetite, concentration difficulties,
inability to feel, and suicidal thoughts. Among women,

WBC deviations were associated with increased severity of

reduced appetite, concentration difficulties, lassitude, inability

to feel, and pessimistic thoughts. Both higher and lower WBC

levels were associated with increased severity of several specific
symptoms.

Conclusion: Immune system alterations were associated with increased
severity of specific mood symptoms, particularly among men. Our results
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support the sickness syndrome theory, but furthermore emphasise
the relevance to study immune suppression in bipolar disorder.
Due to the explorative nature and cross-sectional design, future

studies need to confirm these findings.

Significant outcomes
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» White blood cell (WBC) deviations were associated with greater Montgomery and Aasberg depression

rating scale (MADRS) severity.

 Higher and lower WBC levels were associated with specific symptoms.

o The findings were most pronounced among men.

Limitations

 WBC is a very unspecific immune system marker and has a large intra-individual variation.
« We did not measure subtypes of WBCs or other inflammatory markers.
» The cross-sectional and explorative design emphasise cautious interpretations.

Introduction

An increased immune system activity has been
associated with the aetiology of bipolar disorder
(1-3) and higher levels of pro-inflammatory markers
may be associated with increased symptom severity
and specific symptom domains in bipolar disorder
(4-7). The sickness syndrome theory may represent
one explanation for these associations, suggesting that
pro-inflammatory cytokines affect the development
and severity of specific symptoms, such as decreased
appetite, increased need for sleep, social withdrawal,
and anhedonia (8,9).

However, despite increasing pre-clinical evidence
(10), this aspect has only been investigated in a few
clinical trials with small study populations (4,5,11,12).
In addition, the studies did not investigate specific
symptoms (4,5,13) and factors such as body mass index
(BMI) may confound these findings (11). Most studies
did not include BMI (4,5,12), and in a recent study
among depressed individuals, adjustment for BMI
neutralised the unadjusted significant associations
between pro-inflammatory cytokines and increased
symptom severity (11). Also, immuno-suppression
may affect psychopathology (14,15), but the trials
have mostly investigated pro-inflammatory markers
(4,5,11,12). Finally, important effects of sex hormones
have been found during immune responses (16), why
possible gender differences need to be investigated.

We aimed to perform an explorative study based on
two large similar clinical trials, which included WBC
levels. WBC is a marker of overall immune system
activity, with high levels indicating an inflammatory
response (i.e. leucocytosis) and low levels indicating
insufficient production of immune cells (i.e. leucopenia).
We hypothesised that WBC levels are associated with
specific symptoms, possibly those suggested to be
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affected by the sickness syndrome (8,9). We a priori
hypothesised gender differences. We thereby expand
our previous work associating WBC levels with overall
increased symptom severity (13).

Materials and methods
Setting

This study represents secondary analyses based on
data from two similar multi-site, randomised com-
parative effectiveness trials based in the United States,
the lithium treatment moderate-dose use study
(LiTMUS) (17) and the clinical and health outcomes
initiatives in comparative effectiveness for bipolar
disorder study (Bipolar CHOICE) (18). LiTMUS
compared lithium treatment combined with optimised
personalised treatment (OPT) to OPT alone. Bipolar
CHOICE compared lithium with quetiapine. The
rationale, design, and specific methods are reported
in detail elsewhere (17,18). The present study
examined data at study entry (i.e. at baseline) and
participants could not be treated with lithium or
quetiapine at baseline (>30 days without treatment),
as, for example, lithium affects WBC levels (19).

Participants

For LiTMUS, 338 patients were screened and 283
(84%) were randomised. For Bipolar CHOICE, 692
were screened and 482 (70%) were randomised. In
both studies, participants were aged between 18 and
62 years, and limited inclusion and exclusion criteria
were defined to maximise heterogeneity of the sample
and thus, generalisability of the results. The main
inclusion criteria were a DSM-IV-TR bipolar T or II
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diagnosis and a clinical global impression scale for
bipolar disorder >3 (20) (i.e. mildly symptomatic).

In both studies, the extended Mini-International
Neuropsychiatric Interview (21) was used to determine
psychiatric and substance use diagnoses. Mood
symptom severity was measured with the MADRS in
LITMUS (22) and with the bipolar inventory of
symptoms scale (BISS) in Bipolar CHOICE (23-25).
In order to pool data across studies, we extracted the
MADRS score from the BISS items within the Bipolar
CHOICE study, which has been validated (24). Clinical
interviews obtained demographic information, mental
and medical history (hypertension, diabetes, and
hyperlipidemia), and current medications. In both
studies, baseline WBC count was assessed in each
patient at study entry via a fasting blood draw from an
antecubital vein and analysed immediately at the local
biochemical laboratory at the hospital where the patient
participated (no specific time of day, WBC is expressed
in International units, i.e. x10%/1).

Statistical analysis

We identified baseline variables possibly influencing
WBC levels and symptom severity: gender, age, BMI,
race, current smoking, and the medical conditions
of diabetes, hypertension and hyperlipidemia. We
performed all analyses on men and women separately.

In both studies, mood symptom severity was greater
among patients with the highest and lowest WBC
counts. Therefore, as a first step, we investigated the
association between the deviation from the median
WBC and symptom severity. This means that we
compared participants with higher or lower WBC
counts at baseline (i.e. values higher or lower than the
median WBC of all participants are grouped together
and expressed as a positive value) to the median
baseline WBC of all participants. We grouped
participants based on their deviation from the median
WBC of 69x10°1 into the following categories:
<1x 10”71, 1-1.99 x 10771, 2-2.99 x 10°/, and >3 x 10"/1.
Similar cut-offs have been used in previous studies
(26). As the deviation from the median WBC and
MADRS symptom severity fitted a linear relationship
in both studies, we performed analysis of variance
(ANOVA) and linear regression analysis. We set
those individuals who deviated <1x10%/1 as the
reference group and report p-values. If an overall
ANOVA was significant, we performed pairwise
comparison between the different groups by applying
Bonferroni, Scheffe, and Sidak multiple comparison
tests. For the linear regression analysis, we report a
coefficient including 95% confidence intervals (95%
CI). The coefficient corresponds to the change in
symptom severity for each 1.0 x 10°/1 deviation from
the median WBC. We were aware that this approach
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grouped individuals with high or low WBC levels,
but we were interested whether any deviation from
the median WBC would affect psychopathology.

Second, we specifically investigated if higher or lower
WBC levels were associated with symptom severity. We
divided participants into the following baseline WBC
categories: <4.5x 10”/1, 4.5-5.99 x 10°/1, 6-6.99 x 10°/1,
7-799% 10’1, 8-9.99x10°1, >10x10°1. We set
individuals with a WBC of 7-7.99x 10’1 as the
reference group and performed multinomial logistic
regression analysis reporting relative risk ratio including
95% CL

For all the above-mentioned analyses, we first
performed basic models adjusted for age. Second, we
adjusted all analyses for age, BMI, race, current
smoking, and a diagnosis of diabetes, hypertension,
or hyperlipidemia.

As a primary analysis, we performed all the above-
mentioned analyses (i.e. ANOVA, linear regression
and multinomial logistic regression analysis) on the
10 individual item scores on the MADRS among all
individuals from both trials (n=765). As a second
step, we also performed multinomial logistic
regression analysis on different WBC levels and
specific symptoms on the BISS scale (i.e. the
remaining 34 items not included in the MADRS
scale) for the participants (n=482) in the Bipolar
CHOICE study. For all analyses on specific
symptoms, we divided individuals depending on the
severity of a single specific symptom (1-2, 3—4, or
5-6) and compared with individuals without this
symptom (i.e. a score of 0).

In all the above-mentioned analyses, we corrected
for multiple testing by dividing the p-value of 0.05
with the amount of tests performed.

All statistical analyses were performed using
STATA version 14.

Sensitivity analyses

Carbamazepine and clozapine can lower WBC levels
(27). Therefore, we performed all the above-
mentioned analyses where we excluded individuals
who used these compounds at baseline to explore
whether this had an impact on our findings.

Results

The median WBC across both studies (n=765) was
6.9x 10°/1 and ranged from 3x10°/1 to 18 x10%/1,
which is similar to the general US adult population
with a mean of 6.9x10/1 (range 1.5-100x 10°/1)
(28). The baseline characteristics based on WBC
count are shown in Table 1, and Supplementary
Material Table 1 shows the baseline characteristics in
both studies divided by gender. Individuals with low
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Table 1. Baseline information on 765 patients with bipolar disorder from the lithium treatment moderate-dose use study (n=283) and the clinical and
health outcomes initiatives in comparative effectiveness for bipolar disorder study (n=482), depending on white blood cell counts (WBC) at study entry

Total WBC <45 45<WBC<6 6<WBC<7 7<WBC<8 8<WBC<10 WBC >10
Total 765 (100) 53 (6.9) 195 (25.5) 146 (16.3) 113 (15.2) 173 (26.2) 84 (12.4)
Gender
Female 443 (56.5) 34 (64.1) 107 (54.9) 84 (57.5) 68 (60.2) 102 (59.0) 47 (56.0)
Male 322 (43.5) 19 (35.9) 88 (45.1) 62 (42.5) 45 (39.8) 71 (41.0) 37 (44.0)
Age group
<30 240 (30.7) 17 (32.1) 46 (23.6) 51 (34.9) 44 (38.9) 51 (29.5) 31(36.9)
31-45 271 (36.8) 16 (30.2) 74 (38.0) 43 (29.5) 39 (34.5) 66 (38.2) 32 (38.1)
>45 254 (32.5) 20 (37.7) 75 (38.5) 52 (35.6) 30 (26.5) 56 (32.3) 21 (25.0)
Current smoking 399 (53.0) 16 (30.2) 95 (48.7) 64 (43.8) 52 (46.0) 107 (61.8) 64 (76.2)
BMI
<20 33 (2.8) 6 (11.3) 10 (5.1) 4(2.7) 6 (5.3) 4(23) 3(36)
20-24.99 182 (26.5) 22 (41.5) 44 (22.6) 42 (28.8) 19 (16.8) 40 (23.1) 15 (17.9)
25-29.99 225(32.2) 8 (15.1) 73 (37.4) 43 (29.5) 34 (30.1) 49 (28.3) 18 (21.4)
>30 315 (36.4) 17 (32.1) 66 (33.8) 56 (38.4) 54 (47.8) 75 (43.4) 46 (54.8)
Medical conditions
Diabetes 45 (5.3) 3(5.7) 9 (4.6) 7 (4.8) 6 (5.3) 13 (7.5) 7(8.3)
Hypertension 138 (17.0) 8 (15.1) 36 (18.5) 21 (14.4) 17 (15.0) 32 (18.5) 24 (28.6)
Hyperlipidemia 145 (14.8) 7(13.2) 43 (22.1) 30 (20.5) 14 (12.4) 33 (19.1) 18 (21.4)
BMI, body mass index.
30
20 TS
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Fig. 1. White blood cell (WBC) count and Montgomery and Aasberg depression rating scale (MADRS) severity at baseline among
765 individuals with bipolar disorder. There were no significant differences between men and women for any WBC levels.

WBC levels had lower BMI and were less often
smokers. Individuals with high WBC levels had
higher BMI, were more often smokers, and were
younger.

WBC deviations and specific MADRS symptoms

Higher and lower WBC levels were associated with
higher MADRS total scores, which was more present
among men despite no significant differences
between men and women at any point (Fig. 1).
Tables 2 and 3 show the gender-separate association
between the deviation from the median WBC and
the 10 specific MADRS items. Among 322 men,
WBC deviations were associated with increased
severity on the following specific MADRS
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symptoms: reported sadness, inner tension, reduced
appetite, inability to feel, and suicidal thoughts
(all p<0.05, but only inner tension and inability
to feel showed a corrected p-value <0.005). Among
443 women, WBC deviations showed a trend
towards increased severity on apparent sadness
(p=0.08), reduced appetite (p =0.06), and lassitude
(p=0.07).

Higher and lower WBC levels are associated with specific
MADRS symptoms

Among men, higher WBC levels (compared with men
with WBC 7-7.99x 10°/) showed a trend towards
higher scores on reported sadness, apparent sadness,
inner tension, reduced appetite, concentration
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Table 2. Analysis of variance® showing the correlation at study entry between the 10 specific Montgomery and Aasberg depression rating scale
items and the deviation from the median white blood cell (WBC) count of 6.9 10%/I among 322 men and 443 women with bipolar disorder from
the lithium treatment moderate-dose use study and clinical and health outcomes initiatives in comparative effectiveness for bipolar disorder study

Deviation from Deviation from Deviation from Deviation from Overall
WBC median: 0-0.99 WBC median: 1-1.99 WBC median: 2-2.99 WBC median: >3  p-value'
Men (n=322)
Reported sadness [mean (SD)] 2201.7) 23(1.7) 2.3(1.8) 3.0(1.6) 0.04
Apparent sadness [mean (SD)] 25(1.8) 25(1.8) 26(1.9) 3.2(1.8) 0.10
Inner tension [mean (SD)] 20(1.7) 26 (1.7) 2.3(1.6) 2.7(1.8) 0.02
Reduced sleep [mean (SD)] 2.6 (2.1) 3.2(2.1) 3.2(2.3) 3.11(2.3) 0.14
Reduced appetite [mean (SD)] 1.2(1.7) 14(17) 2.0(1.8) 1.2(18) 0.03
Concentration difficulties [mean (SD)] 24(1.7) 25(1.8) 2.6(1.8) 2.81(1.8) 0.65
Lassitude [mean (SD)] 23 (1.9 24(1.8) 28(1.8) 3.0 (2.0 on
Inability to feel [mean (SD)] 22(19) 22(18) 23(18) 29(1.7) 0.12
Pessimistic thoughts [mean (SD)] 23 (1.7) 23(1.8) 23(1.8) 25(2.0) 0.90
Suicidal thoughts [mean (SD)] 0.7 (1.0) 08(1.3) 1.2 (1.6) 12(1.5) 0.02
Women (n=443)
Reported sadness [mean (SD)] 25(1.7) 2.3(1.6) 26(1.7) 25(1.7) 0.74
Apparent sadness [mean (SD)] 28(1.7) 28(1.7) 3.1 (1.7) 2.8(1.8) 0.53
Inner tension [mean (SD)] 2.3(1.6) 23(1.8) 2.3(1.8) 2.1(1.8) 0.88
Reduced sleep [mean (SD)] 3.0(22) 29(2.1) 2.9 (2.1) 32(2.2) 0.74
Reduced appetite [mean (SD)] 1.2 (1.5) 1.5(1.8) 1.2 (1.6) 1.7 (1.8) 0.06
Concentration difficulties [mean (SD)] 28(1.5) 28(1.6) 2.7 (16) 31(1.8) 0.53
Lassitude [mean (SD)] 29(1.8) 2.81(1.8) 3.1(1.8) 3.0(1.9) 0.57
Inability to feel [mean (SD)] 26(1.8) 25(1.8) 2.7(1.8) 27(11.7) 0.73
Pessimistic thoughts [mean (SD)] 25(1.7) 24(1.7) 27 (1.5) 26 (1.6) 0.53
Suicidal thoughts [mean (SD)] 0.8(1.1) 081(1.2) 0.8(1.2) 09(1.4) 0.92

*All analyses were adjusted for age, body mass index, current smoking, race, and a diagnosis of diabetes, hypertension or hyperlipidemia.
"The analyses for men and women were corrected for multiple testing by dividing the p-value of 0.05 with 10 (the amount of tests performed
among men and women, respectively), that is, the corrected p-value is 0.005.

difficulties, inability to feel, pessimistic thoughts, and
suicidal thoughts (most p-values <0.2 with several
<0.05) (Supplementary Material Table 2). Lower
WBC levels showed a trend towards higher scores on
reported sadness, inner tension, reduced sleep, reduced
appetite, concentration difficulties, and suicidal
thoughts (most p-values <0.3 with several <0.05).

Among women, higher WBC levels (compared
with women with WBC 7-7.99x 10’/1) showed a
trend towards increased severity of apparent sadness,
reduced appetite, concentration difficulties, lassitude,
inability to feel, and pessimistic thoughts (most
p-values <0.3 with several <0.05) (Supplementary
Material Table 3). Lower WBC levels showed a trend
towards increased severity of reported and apparent
sadness, reduced sleep, reduced  appetite,
concentration difficulties, lassitude, inability to feel,
and pessimistic thoughts (most p-values <0.2 with
several <0.1). Among men and women, lower
WBC levels showed a trend towards increased
severity of reduced sleep, and higher WBC levels
showed a trend towards lower severity for reduced
sleep (most p-values <0.2 with several <0.05). The
latter was most pronounced among men.

However, the majority of findings with p <0.05
became non-significant after multiple testing.

https://doi.org/10.1017/neu.2017.34 Published online by Cambridge University Press

Bipolar CHOICE: WBC levels and specific BISS symptoms

Finally, we assessed the remaining 34 BISS items
among 199 men (Supplementary Material Table 4)
and 283 women (Supplementary Material Table 5)
from the Bipolar CHOICE study. Higher WBC levels
were associated with an increment of severity on
several depressive symptoms, in particular social
withdrawal and anxiety symptoms among men and
women. Also lower WBC levels were associated
with increased severity of several depressive symp-
toms among men and women. Higher and lower
WBC levels showed a trend towards increased
severity of several manic and psychotic symptoms,
which was most pronounced among women. How-
ever, due to small groups because of the detailed
division, several multinomial regression analyses did
not reach significance but only showed a trend.
Furthermore, the majority of findings with p <0.05
became non-significant after multiple testing.

Sensitivity analyses

At study entry, three individuals used clozapine and
34 used carbamazepine. Exclusion of these users did
not change the results (not shown).
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Table 3. Linear regression analyses showing the association between the deviation from the median white blood cell (WBC) count and the 10
specific Montgomery and Aasberg depression rating scale (MADRS) items among 322 men and 443 women with bipolar disorder from the lithium
treatment moderate-dose use study and clinical and health outcomes initiatives in comparative effectiveness for bipolar disorder study

Model 1* Model 2*
Coefficient" (95% Cl) pvalue® Coefficient (95% Cl) p-value®
Men (n=322)
Reported sadness 0.23 (0.05; 0.41) 0.01 0.13 (-=0.01; 0.27) 0.07
Apparent sadness 0.19 (0.00; 0.38) 0.053 0.13 (-0.03; 0.28) 0.10
Inner tension 0.20 (0.02; 0.38) 0.03 0.21 (0.09; 0.34) 0.001
Reduced sleep 0.18 (—0.05; 0.41) 0.13 0.00 (-0.20; 0.20) 0.99
Reduced appetite 0.13 (-0.06; 0.32) 0.18 0.03 (-0.12; 0.19) 0.67
Concentration difficulties 0.12 (-0.07; 0.30) 0.21 0.10 (—0.03; 0.24) 0.13
Lassitude 0.23 (0.03; 0.44) 0.02 0.05 (=0.11; 0.20) 0.55
Inability to feel 0.19 (0.00; 0.38) 0.046 0.20 (0.08; 0.31) 0.001
Pessimistic thoughts 0.07 (-0.13; 0.26) 0.50 0.11 (-0.03; 0.25) 0.13
Suicidal thoughts 0.20 (0.06; 0.35) 0.006 0.14 (0.03; 0.25) 0.02
Women (n=443)
Reported sadness 0.04 (-0.11; 0.19) 0.58 —0.05 (—-0.18; 0.08) 0.44
Apparent sadness 0.06 (—0.09; 0.22) 0.4 0.09 (-0.01; 0.19) 0.08
Inner tension —0.06 (=0.21; 0.09) 0.44 0.01 (=0.14; 0.13) 0.93
Reduced sleep 0.03 (-0.16; 0.22) 0.74 0.08 (—0.08; 0.24) 0.35
Reduced appetite 0.12 (-0.03; 0.27) 0.1 0.05 (-0.06; 0.17) 0.37
Concentration difficulties 0.07 (-0.07; 0.22) 0.33 0.10 (—=0.05; 0.25) 0.18
Lassitude 0.08 (—0.08; 0.24) 0.33 0.12 (-0.01; 0.26) 0.07
Inability to feel 0.07 (-0.09; 0.22) 0.4 0.07 (—0.06; 0.19) 0.28
Pessimistic thoughts 0.07 (-0.07; 0.22) 0.32 0.06 (—0.08; 0.19) 0.41
Suicidal thoughts 0.03 (—0.08; 0.14) 0.61 0.04 (-0.07; 0.15) 0.49

The median WBC in this population was 6.9 10%/1.

*Model 1 was adjusted for age; Model 2 was adjusted for age, body mass index, current smoking, race, and a diagnosis of diabetes, hyper-

tension, or hyperlipidemia.

"The coefficient indicates the change in MADRS score for every deviation in white blood cell count, for example, a coefficient of 1.10 indicates an
increase in MADRS of 1.10 for each 1.0x 10%! deviation (both higher and lower) from the median WBC of 6.9 x 1091,
*The analyses for men and women were corrected for multiple testing by dividing the pvalue of 0.05 with 10 (the amount of tests performed

among men and women, respectively), that is, the corrected p-value is 0.005.

Discussion

The present study found that higher WBC deviations
from the median WBC were associated with greater
severity of several specific bipolar disorder symp-
toms. Both lower and higher WBC levels were
associated with an increased severity of several
symptoms. In particular, the following MADRS
items were affected: sadness, inner tension, reduced
appetite, concentration difficulties, inability to feel,
and suicidal thoughts. All the above-mentioned
findings were most pronounced among men. We
thereby expand our previous findings associating
WBC deviations with increased overall mood
symptom severity (13), and the present results give
the most detailed overview to date between very
specific bipolar disorder psychopathology and altera-
tions in the immune system. As our analyses were
exploratory, the design was cross-sectional, and the
majority of tests did not survive multiple testing,
future studies need to confirm these findings. Large,
high-quality clinical trials should include a combination
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of markers on the overall immune system activity and
a wide range of specific pro- and anti-inflammatory
markers, preferably including sex hormone levels, and
investigate associations with specific psychopathology
over time.

Immune system alterations and symptom-specific severity in
bipolar disorder

Our findings support the sickness syndrome theory,
suggesting that peripheral cytokines and prostaglan-
dins, produced during an inflammatory response, can
cross the blood-brain barrier and thus, affect the CNS
(8-10). Although we only had WBC counts, increased
WBC levels (i.e. >10x 10°) indicate leucocytosis and
hence an acute inflammation. Furthermore, our results
indicate that even low WBC levels affect psycho-
pathology, representing a less expected finding. This
may be explained by potential neuroprotective proper-
ties of immune cells, such as CD4+ T-cells (15),
suggesting that also immune suppression may affect
mood symptom severity.


https://doi.org/10.1017/neu.2017.34

In addition, suicidal thoughts and risky behaviour
showed a trend towards increased severity among
men with higher or lower WBC levels. Previous
studies have indicated that CNS affection during
inflammatory responses may lead to self-harming and
even suicidal behaviour (29). Finally, the fact that
most results were most pronounced among men may
be explained by the differential effects of sex
hormones during immune responses, as female sex
hormones may exhibit protective effects, whereas
male sex hormones can act suppressive on cell-
mediated immune responses (16).

WBC as a potential biomarker for more personalised treatment

In depression, studies have emphasised use of
specific pro-inflammatory markers to identify sub-
groups of patients that may respond better to
antidepressants (30) and anti-inflammatory treatment
(31,32), which has been less studied in bipolar
disorder (33-35). Our results suggest WBC as a valid
and inexpensive biomarker, which is easy to apply
and thus, relevant for everyday clinical use. Future
studies should investigate whether increased and/or
decreased WBC levels are associated with improved
response to mood-stabilising treatment and/or anti-
inflammatory drugs. These studies may explore
gender differences and the combination of specific
symptoms with several immune system markers.

Strengths and limitations

The LiTMUS and Bipolar CHOICE studies were
very similar trials with broad inclusion and minimal
exclusion criteria, thus representing populations seen
in everyday clinical practice. Both studies included
large sample sizes, and no patients were treated with
lithium or quetiapine at the time of assessment.
Furthermore, WBC 1is an easily available and
inexpensive measure from peripheral blood, support-
ing the clinical relevance of our findings. In addition,
we were able to adjust for important factors (i.e.
BMI, smoking, race, and specific somatic diseases).

In regards to limitations, these explorative analyses
were cross-sectional, performed post-hoc and most
findings with p<0.05 did not survive multiple
testing. Hence, our findings have to be interpreted
with caution. In addition, we did not include
measures on specific subtypes of immune cells or
other markers of immune activation (e.g. C-reactive
protein or interleukin-6) and had only one WBC
measure, with WBC being a rather non-specific
marker of the immune system. In cardiovascular
diseases, specific WBC subtypes seem to be
associated with the risk increase associated with
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WBC deviations (36). Thus, it seems necessary to
evaluate specific WBC lines and assess a wider range
of both pro-inflammatory and anti-inflammatory
markers, and several assessments over time.
Furthermore, important effects of sex hormones
have been found during immune responses (16),
and future studies should include this aspect. In
addition, although we adjusted for important somatic
diseases, we had no knowledge whether participants
suffered of an acute infection or an autoimmune
illness, that is, the observed WBC counts may be due
to other illnesses. Moreover, we did not adjust for use
of other medications. As the Bipolar CHOICE and
LiTMUS studies were intended to represent real-
world settings, somatic diseases only resulted in
exclusion if the somatic disease contraindicated
treatment with the study medications. Finally, some
analyses on specific symptoms were underpowered,
for example, on some psychotic or manic symptoms.
This was further limited as we investigated on
outpatients with bipolar disorder, with most patients
(>60%) being in depressed phases at study entry.
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