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Abstract

Background: Immune system markers may predict affective disorder treatment response, but
whether an overall immune systemmarker predicts bipolar disorder treatment effect is unclear.
Methods: Bipolar CHOICE (N= 482) and LiTMUS (N= 283) were similar comparative effec-
tiveness trials treating patients with bipolar disorder for 24 weeks with four different treatment
arms (standard-dose lithium, quetiapine, moderate-dose lithium plus optimised personalised
treatment (OPT) and OPT without lithium). We performed secondary mixed effects linear
regression analyses adjusted for age, gender, smoking and body mass index to investigate
relationships between pre-treatment white blood cell (WBC) levels and clinical global impression
scale (CGI) response. Results: Compared to participants with WBC counts of 4.5–10× 109/l,
participants with WBC< 4.5 or WBC≥ 10 showed similar improvement within each specific
treatment arm and in gender-stratified analyses. Conclusions:An overall immune systemmarker
did not predict differential treatment response to four different treatment approaches for bipolar
disorder all lasting 24 weeks.

Significant outcomes

• Within two large randomised clinical trials (N= 765), pre-treatment WBC count did not
predict better or worse bipolar disorder treatment response.

• We performed analyses within four different treatment arms all lasting 24 weeks and gen-
der-stratified analyses, all supporting the primary negative findings.

Limitations

• We had only one measurement of WBC before treatment.
• WBC count seems to be an overly broad immune system measure and we had no infor-

mation on WBC subtypes or other immune system markers.
• This study represents secondary and explorative analyses.

Introduction

Increasing evidence suggests that immune system alterations are involved in the aetiology
(Cassidy et al., 2002; Drexhage et al., 2010; Bai et al., 2014; Dargel et al., 2015; Dickerson
et al., 2015) and treatment response of bipolar disorder (Li et al., 2015). However, although treat-
ment regimens differ substantially depending on the clinical presentation of bipolar disorder
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patients (Vieta et al., 2008; Bowden et al., 2010), biomarkers
have not yet been integrated in everyday clinical practice.
Furthermore, the immune system markers that have been studied
to predict treatment response are not easily measurable in normal
clinical settings, for example TGF-β1 and interleukin-23 (IL-23)
(Li et al., 2015).

Studies have indicated that pro-inflammatory markers, such as
C-reactive protein (CRP) or IL-1 receptor antagonist (IL-1ra), are
associated with bipolar disorder severity (Hope et al., 2013) and
symptom clusters (Hope et al., 2011; Hope et al., 2013; Lotrich
et al., 2014; Hope et al., 2015). Work from our group showed that
bipolar disorder patients with either higher or lower white blood
cell (WBC) counts had greater symptom severity (Kohler et al.,
2017; Kohler-Forsberg et al., 2018). The WBC count represents
a routine immune systemmarker frequently measured in everyday
clinical practice, with high levels (i.e. leucocytosis) indicating an
inflammatory response and low levels (i.e. leucopenia) indicating
insufficient immune activity. Whether such an overall and easily
available immune system marker could predict response to
specific treatment approaches in bipolar disorder is of particular
clinical interest. It has been shown that higher levels of specific
inflammatory markers may predict differential treatment response
in depression (Uher et al., 2014) and bipolar disorder (Li et al.,
2015). Furthermore, whether immune deprivation may be associ-
ated with greater symptom severity (Kohler et al., 2017; Kohler-
Forsberg et al., 2018) and differential treatment response (Brod
et al., 2014) in bipolar disorder has been discussed. The WBC
count, although a broad and unspecific marker, can possibly
address both these questions at the same time. Therefore, the
aim of the present explorative and secondary analyses was to inves-
tigate whether a pre-treatmentWBC count, indicating low, normal
or increased immune system activity, was associated with differen-
tial treatment response to four different treatment arms within
two large randomised clinical trials with similar study designs
on outpatients with bipolar disorder.

Methods

The present study represents secondary analyses from the Clinical
and Health Outcomes Initiatives in Comparative Effectiveness
for Bipolar Disorder Study (Bipolar CHOICE) (Nierenberg et al.,
2014) and the Lithium Treatment Moderate-Dose Use Study
(LiTMUS) (Nierenberg et al., 2009). Both were 6-month, multisite
randomised comparative effectiveness trials on outpatients with
bipolar disorder. Patients from both studies were similar on impor-
tant baseline characteristics (Kohler et al., 2017). The studies inves-
tigated four different treatment arms. Bipolar CHOICE compared
the classical mood stabiliser lithium to quetiapine, each combined
with other medications for bipolar disorder (but not with one
another) in a fashion consistent with typical clinical practice (i.e.
adjunctive personalised treatment, referred to as APT). LiTMUS
compared lithium treatment combined with optimised personal-
ised treatment (OPT) to OPT without lithium. Patients in Bipolar
CHOICE were treated with higher lithium doses compared to
patients in LiTMUS. The Institutional Review Boards of the
different sites approved the study protocols, and the rationale,
design and specific methods are reported in detail elsewhere
(Nierenberg et al., 2009; Nierenberg et al., 2014). Subjects provided
verbal and written informed consent prior to participation.
Participants could not be treated with lithium or quetiapine at
baseline since lithium increases WBC levels (Amitai et al., 2014).

Participants

For Bipolar CHOICE, 482 participants were randomised,
whereas for LiTMUS, 283 were randomised. Participants were
aged between 18 and 62 years. Both studies used similar broad
inclusion and limited exclusion criteria to maximise sample
heterogeneity and hence result generalisability. Participants in
both studies were required to have a DSM-IV-TR bipolar I or
bipolar II disorder and be at least mildly symptomatic
[Clinical Global Impression Scale for Bipolar Disorder (CGI-
BP) ≥3 (Spearing et al., 1997)] at study entry. We applied the
overall CGI-BP severity scale including the CGI-BP subscales
for depressive and manic symptoms at baseline and at every
follow-up visit. In both studies, psychiatric and substance use
disorder diagnoses were determined using the extended Mini-
International Neuropsychiatric Interview, an electronic version
of a validated structured diagnostic interview (Sheehan et al.,
1998). Clinical interviews obtained demographic information,
psychiatric and medical history and current medications. In both
studies, a fasting blood draw at study entry assessed the WBC,
which was expressed in International Units, that is × 109/l. As in
previous studies, we defined a low WBC count as <4.5 × 109/l
and a high WBC count as ≥10 × 109/L (Kohler et al., 2017;
Kohler-Forsberg et al., 2018).

Statistical analysis

Participants in both studies were rated in up to nine visits for a
total of 24 weeks. We performed mixed effects linear regression
analyses to investigate the association between the baseline
WBC count and treatment response and report β values includ-
ing 95% confidence intervals (95% CI). We adjusted all analyses
for the following baseline variables that may affect treatment
response and WBC counts: age, gender, body mass index
(BMI), current smoking and baseline CGI-BP severity. A
two-sided p value <0.05 was used as the significance threshold.
Due to the number of analyses performed, we adjusted for
multiple testing by dividing the p value of 0.05 with the number
of tests performed.

First, we investigated an association between WBC count and
treatment response in both studies separately. Second, we specifi-
cally investigated the four treatment arms (i.e. lithium plus APT
and quetiapine plus APT in Bipolar CHOICE respectively and lith-
ium plus OPT and OPT alone in LiTMUS). Third, since we pre-
viously found gender differences regarding associations between
immune system markers and bipolar disorder severity (Kohler
et al., 2017; Kohler-Forsberg et al., 2018), we performed gender-
stratified analyses in both Bipolar CHOICE and LiTMUS.
Fourth, we performed gender-stratified analyses within each of
the four treatment arms.

All statistical analyses were performed using STATA version 14.

Results

Valid WBC counts at study entry were available for all 482 partic-
ipants from Bipolar CHOICE and all 283 participants from
LiTMUS. The baseline characteristics of all participants depending
on baseline WBC count are shown in Table 1. The meanWBC was
7.2 × 109/l in Bipolar CHOICE and 7.3 × 109/l in LiTMUS, which is
similar to values in the general U.S. population aged 18 years or
above (Liu & Taioli, 2015).
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WBC levels and treatment response

As shown in Fig. 1, patients with low (i.e. <4.5 × 109/l) or high (i.e.
≥10 × 109/l) WBC counts improved to a similar degree as patients

with a WBC count of 4.5–10 × 109/l on the overall CGI-BP (all
p> 0.1 for comparison of the three WBC groups at every study
visit). We found similar results on the CGI-BP subscales for
depressive and manic symptoms (all p> 0.1 at every study visit).

We found no differences in treatment response on any CGI-BP
scale based on pre-treatment WBC count in the four different
treatment arms (supplementary Table 1).

Supplementary Table 2 shows gender-stratified analyses
regarding treatment response based on pre-treatment WBC levels.
We found inferior treatment effects in the LiTMUS study among
women withWBC≥ 10 × 109/l, compared to women withWBC of
4.5–10 × 109/l, on overall CGI-BP (p= 0.025) and CGI-BP mania
subscale (p= 0.009); however, these results were not significant
after adjustment for multiple comparisons. Finally, we found no
gender differences within the four treatment arms depending on
pre-treatment WBC levels (results not shown, all p> 0.05).

Discussion

The present study represents the largest investigation to date on
whether an overall immune systemmarkermay predict differential
response to mood-stabilising treatment. Among 765 outpatients
with bipolar disorder from two similar randomised clinical trials,
pre-treatmentWBC count did not predict better or worse response
to four different treatment arms (standard-dose lithium plus APT,

Table 1. Baseline information for 482 patients with bipolar disorder from the
CHOICE study and 283 patients with bipolar disorder from the LiTMUS study,
depending on baseline white blood cell counts (WBC)

Bipolar CHOICE Total WBC < 4.5 4.5 ≤WBC< 10 WBC≥ 10

482 (100) 35 (7.3) 399 (82.8) 48 (9.9)

Gender, N (%)

Male 283 (58.7) 22 (62.9) 237 (59.4) 24 (50.0)

Female 199 (41.3) 13 (37.1) 162 (40.6) 24 (50.0)

Age group, N (%)

≤30 153 (31.7) 9 (25.7) 126 (31.6) 18 (37.5)

31–45 167 (34.7) 9 (25.7) 140 (35.1) 18 (37.5)

≥45 162 (33.6) 17 (48.6) 133 (33.3) 12 (25.0)

Current smoking, N (%) 249 (51.7) 12 (66.7) 199 (69.6) 38 (86.4)

BMI, N (%)

<20 25 (5.2) 4 (11.4) 19 (4.8) 2 (4.2)

20–24.99 107 (22.2) 10 (28.6) 91 (23.0) 6 (12.8)

25–29.99 134 (27.8) 6 (17.1) 117 (29.6) 11 (23.4)

≥30 212 (44.0) 15 (42.9) 169 (42.7) 28 (59.6)

Mean (SD) WBC 7.2 (2.26) 4.1 (0.36) 6.9 (1.48) 11.9 (1.92)

Mean (SD)

CGI overall 4.5 (0.85) 4.3 (0.67) 4.5 (0.88) 4.5 (0.74)

CGI depression 4.2 (1.13) 4.1 (1.02) 4.2 (1.15) 4.4 (1.02)

CGI mania 3.0 (1.27) 3.1 (1.14) 3.0 (1.28) 3.2 (1.20)

LiTMUS Total WBC < 4.5 4.5 ≤WBC< 10 WBC≥ 10

283 (100) 26 (9.2) 222 (78.4) 35 (12.4)

Gender, N (%)

Male 160 (56.5) 16 (61.5) 121 (54.5) 23 (65.7)

Female 123 (43.5) 10 (38.5) 101 (45.5) 12 (34.3)

Age group, N (%)

≤30 88 (31.1) 9 (34.6) 65 (29.3) 14 (40.0)

31–45 104 (36.8) 9 (34.6) 81 (36.5) 14 (40.0)

≥45 91 (32.1) 8 (30.8) 76 (34.2) 7 (20.0)

Current smoking, N (%) 149 (53.6) 8 (32.0) 116 (52.7) 25 (75.8)

BMI, N (%)

<20 8 (2.9) 2 (8.0) 5 (2.3) 1 (3.0)

20–24.99 75 (27.1) 15 (60.0) 51 (23.3) 9 (27.3)

25–29.99 91 (32.9) 5 (20.0) 79 (36.1) 8 (21.2)

≥30 103 (37.2) 3 (12.0) 84 (38.4) 17 (48.5)

Mean (SD) WBC 7.3 (2.24) 4.0 (0.42) 7.1 (1.47) 11.5 (1.23)

Mean (SD)

CGI overall 4.3 (0.89) 4.2 (0.76) 4.2 (0.91) 4.5 (0.89)

CGI depression 3.8 (1.3) 3.8 (1.1) 3.8 (1.3) 4.1 (1.3)

CGI mania 2.8 (1.3) 2.8 (1.3) 2.8 (1.2) 3.1 (1.5)

Fig. 1. Treatment response* measured with the Clinical Global Impression scale for
bipolar disorder (CGI-BP) in the Bipolar CHOICE (top; N = 482) and LiTMUS (bottom;
N = 283) trials depending on pre-treatment white blood cell (WBC) count. * We found
no significant (i.e. p< 0.05) difference between the three WBC groups at any time
point.
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quetiapine plus APT, moderate-dose lithium plus OPT or OPT
alone). Importantly, we were able to adjust for important covari-
ates, including smoking and BMI.

These negative findings are important for several reasons.
Firstly, our results suggest that WBC count may not be used to
predict treatment response among outpatients with bipolar
disorder.We had a large sample (N = 765) and were able to explore
four different and frequently applied treatment approaches, which
included different lithium dosages. Since lithium increases circu-
lating WBCs (Amitai et al., 2014), patients with low WBC levels
could have responded differently to lithium. However, secondly,
WBC seems to be an overly broad and non-specific marker to
reliably predict treatment response. Thirdly, we assessed patients
frequently, followed them for 24 weeks and were able to include
information on important covariates and perform gender-
stratified analyses, all supporting the generalisability of our nega-
tive findings to everyday clinical settings.

Thus, future studies need to measure a range of more specific
immune system markers and specific WBC cell lines before and
during treatment in different groups of patients to investigate
whether baseline measurements or changes during treatment of
some specific immune system markers may predict better treat-
ment response in subgroups of patients.

Strengths and limitations

Strengths include the large sample size, frequent mood assessments
and the long follow-up. Furthermore, the clinical generalisability of
our results was enhanced by the limited exclusion and broad
inclusion criteria, participants from both studies being similar
and the possibility of investigating four different treatment arms.

Limitations of this study are as follows. First, it represents
secondary and explorative analyses and the WBC level was not
measured with the aim of predicting treatment response.
Second, we only had one WBC measurement at baseline, but we
followed individuals for 24 weeks and the immune system is highly
variable. Third, the WBC count is very broad and non-specific.
Fourth, WBCmeasurements were not taken at specific time points
of the day and were analyzed in different laboratories at the differ-
ent investigator sites. In addition, the baseline blood tests were
taken at different time points, and WBC levels vary depending
on time of the year (Liu & Taioli, 2015). Fifth, we had no informa-
tion onWBC subtypes or other immune systemmarkers, neither at
baseline nor during follow-up. Sixth, we only included outpatients,
with the majority being in a depressive episode. Seventh, we had no
information on somatic diseases, such as infections, that could
have affected the WBC level.

Conclusion

Among 765 outpatients with bipolar disorder from two large
clinical trials, we found that pre-treatment WBC count did not
predict differential treatment response for four different 24-week
treatment approaches.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/neu.2019.19
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