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Background: Numerous studies suggest that hyperactivation of the immuno-inflammatory system, as reflected in cytokine levels, is
associated with more severe symptoms in mood and anxiety disorders and weaker response to treatment. Here we examined whether
the efficacy of a combination of bright light therapy, repetitive transcranial magnetic stimulation and medication is associated with
another immuno-inflammatory index, white blood cell count, before and/or after treatment, in a retrospective observational study.
Methods: We retrospectively analyzed 467 inpatients with major depressive, bipolar, or generalized anxiety disorder who were treated
with combination therapy for at least one week at Hangzhou Seventh People’s Hospital between April 2022 and April 2024. Potential
associations between remission incidences within four weeks after treatment and white blood cell count both before treatment and
post-treatment were explored. We used mixed-effects linear modeling to examine the association between treatment characteristics and
changes in white blood cell count and depressive symptoms.

Results: Bipolar and major depressive disorders were associated with significantly higher white blood cell counts at baseline than
generalized anxiety disorder as well as with significantly lower remission incidences. Bright light therapy’s effects depended on
baseline inflammation, more sessions led to greater reductions in the Hamilton Depression Rating Scale score with low baseline white
blood cell count, and greater decreases in white blood cell count with high baseline count. In contrast, repetitive transcranial magnetic
stimulation sessions showed no association with white blood cell count.

Conclusion: These results highlight the need to account for an individual’s immuno-inflammatory state when personalizing treatment
for mental health disorders.
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Introduction

Mood disorders are major public health challenges around the world, with prevalence as high as 12.9% for major
depressive disorder, 3.7% for generalized anxiety disorder, and 2% for bipolar disorder.'? These disorders contribute to
chronic disability and reduce quality of life.> > Both major depressive and bipolar disorders involve depressive symptoms
such as persistently low mood, chronic fatigue, irritability, difficulty in concentrating, and sleep disturbance.® Such
symptoms also occur in many individuals with generalized anxiety disorder.”®

Mood and anxiety disorders appear to involve disturbances in the immuno-inflammatory system,” '

typically
detected as elevated levels of cytokines such as interleukin-6 and C-reactive protein.'?'* Greater elevation of these

cytokines has been associated with more severe fatigue, sleep disturbance as well as loss of appetite and energy in
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individuals with different mood and anxiety disorders.>'® It has also been associated with worse response to
pharmacological and other types of treatment.'®*° This extensive literature argues for assessing the extent of dysregula-
tion of the immuno-inflammatory system in individuals with mood or anxiety disorders in order to personalize treatment,
and for researching the contribution of the immuno-inflammatory system to these disorders in large populations.

Such large-scale clinical screening and research would be much easier if it relied on analyses of immuno-inflammatory
indices that are routinely performed on admission, rather than on specific cytokine assays. White blood cell count, which takes
into account the numbers of lymphocytes, monocytes, neutrophils, eosinophils and basophils, provides a routine, cost-effective
index of inflammation.?' Higher or lower white blood cell count are directly proportional to severity of depressive symptoms in
both the general population and individuals with mood disorders.”*** Elevated white blood cell count suggests a heightened
inflammatory response, while lower count may indicate impaired immune cell production.”* Among postmenopausal women in
the general population, higher white blood cell count has been associated with greater risk of having depressive symptoms and of
using anti-depressants.”> Still unclear is whether baseline white blood cell count, analogously to baseline cytokine levels,
correlates with the ability of combination treatment to mitigate the severity of depressive symptoms and/or the inflammatory state
of individuals with mood and anxiety disorders.

We explored these questions by retrospectively examining data for patients at our hospital who were diagnosed with major
depressive, bipolar or generalized anxiety disorder and who were treated with combination therapy involving drugs—in turn
a combination of selective serotonin reuptake inhibitors with mood stabilizers or low-dose antipsychotics**—as well as the
non-invasive neurostimulation techniques of bright light therapy and repetitive transcranial magnetic stimulation.””*° All
these approaches have been shown to mitigate neuroinflammation,>*! but whether this can be detected through normalization
of the white blood cell count is unclear. Therefore, this study aimed to investigate whether baseline white blood cell count is
associated with remission incidences following combination treatment, and whether treatment-related changes in white blood
cell count may differ across inflammatory states.

Methods
Participants

We retrospectively examined a consecutive series of inpatients diagnosed with major depressive, bipolar or generalized anxiety
disorder at Hangzhou Seventh People’s Hospital between April 2022 and April 2024. This study was approved by the Ethics
Committee of Hangzhou Seventh People’s Hospital and was conducted in accordance with the Declaration of Helsinki (2013).

Individuals were considered eligible for inclusion if (1) they were diagnosed with major depressive disorder (first-
episode or recurrent), bipolar disorder (depressive or mixed episodes) or generalized anxiety disorder according to the
10th revision of the International Classification of Diseases; (2) they received a combination of medication, bright light
therapy and repetitive transcranial magnetic stimulation for at least one week; and (3) their white blood cell counts before
treatment and after treatment were available.

Individuals were excluded from the study if (1) they had acute illness or severe chronic disorder that might affect
white blood cell count, such as infection, autoimmune disease, heart failure, or cancer; (2) they were younger than 15
years or older than 65 years; or (3) their white blood cell count before treatment deviated more than three standard
deviations from the mean.

Assessments
Clinicodemographic data on all participants and the therapies they received were retrieved from our hospital’s electronic
medical records. We also collected information on the treatments administered, including types and doses of medications
as well as numbers of sessions of bright light therapy and repetitive transcranial magnetic stimulation. Scores on the
Hamilton Depression Rating Scale before treatment and after treatment within four weeks during hospital were
determined through interviews conducted by psychiatrists. The percent change in score was calculated as follows:
Percent change = [(score at baseline - score after treatment) / score at baseline] x 100.
White blood cells count was determined within our hospital’s clinical laboratory, and the percent change between
baseline and after treatment was calculated as above.
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Treatment Protocol

In terms of medication management, we follow clinical guidelines and prioritize the use of mood stabilizers and
antipsychotics for bipolar depressive episodes, supplemented with antidepressants when necessary. For major depressive
disorder or generalized anxiety disorder, selective serotonin reuptake inhibitors are the first-line treatment. Patients
presenting with anxiety symptoms may receive additional anxiolytic agents. For all patients, benzodiazepines may be
prescribed during hospitalization as clinically appropriate, based on their clinical status and symptom severity. To
quantify medication exposure, we calculated the total defined daily dose (DDD) for each major drug category, including
antipsychotics, antidepressants, mood stabilizers, anxiolytics, and benzodiazepines. In efforts to accelerate symptom
relief, some hospitalized patients received combined drug therapy with repetitive transcranial magnetic stimulation and
bright light therapy. As described previously, all patients included in our study received both pharmacotherapy and non-
invasive neurostimulation therapy. Bright light therapy was administered to all patients using a commercially available
white light box that delivered 7000 lux of illumination for 30 minutes each morning. For repetitive transcranial magnetic
stimulation, stimulation protocols differed by diagnosis. Patients with major depressive disorder or bipolar depression
underwent high-frequency (10 Hz) excitatory stimulation targeting the left dorsolateral prefrontal cortex, delivered at
40% of the motor threshold (with the threshold set at 55) in 4-second trains with 15-second inter-train intervals, totaling
2400 pulses over 19 minutes per session. In contrast, patients with generalized anxiety disorder received low-frequency
(1 Hz) inhibitory stimulation over the right dorsolateral prefrontal cortex, administered at 120% of the motor threshold in
20-second trains without inter-train intervals, totaling 1200 pulses over 20 minutes per session.

Statistical Analysis

Data were analyzed statistically using R 4.3.1 (www.r-project.org), and the normality of data distributions was assessed

using the Kolmogorov—Smirnov test. Differences between groups with different types of mental disorder were assessed
for significance using a chi-squared test in the case of sex, or using a two-samples ¢ test in the case of age, white blood
cell counts, Hamilton Depression Rating Scale scores, and other treatment-related variables. Participants were categor-
ized into quartiles based on white blood cell count at baseline, and potential associations between quartile and sex were
explored using the Cochrane-Armitage trend test. Within each quartile, trends in age, use of a specific medication or
score on the Hamilton Depression Rating Scale were explored using the chi-squared test.

Percent changes in white blood cell count were compared across quartiles within each type of mental disorder using
repeated-measures ANOVA. Remission incidences were compared between the same quartiles for different types of
mental disorder using the chi-squared test. These analyses included post hoc correction based on the false discovery rate.

Potential associations of treatment-related factors on percent changes in white blood cell count and scores on the
Hamilton Depression Rating Scale were explored using a mixed-effects linear model that controlled for age and sex,
while treating the type of mental disorder as a random effect.

Results
Of the 707 inpatients screened for enrollment, we excluded 124 who were diagnosed with schizophrenia, sleep disorders,
or obsessive-compulsive disorder; 73 who fell outside the eligible age range; and 43 whose white blood cell count at
baseline was more than three standard deviations from the mean (Figure 1). The remaining 467 patients were included in
the final analysis, comprising 225 individuals with major depressive disorder, 132 with generalized anxiety disorder, and
110 with bipolar disorder. Scores on the Hamilton Depression Rating Scale before and after treatment were available for
131 individuals with major depressive disorder, 77 with generalized anxiety disorder, and 57 with bipolar disorder.
Across the three types of mental disorder, the individuals did not differ significantly in sex, numbers of sessions of bright
light therapy or repetitive transcranial magnetic stimulation, or use of anxiolytic medications (Table 1). Frequencies of use of
mood stabilizers and antipsychotic medications were significantly higher among those with bipolar disorder than in the other
two groups. Frequency of use of antidepressants was significantly higher among those with major depressive disorder, while
frequency of use of benzodiazepines was significantly higher among those with generalized anxiety disorder.
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Figure | Flow chart of study selection process.

White blood cell counts at baseline were highest among individuals with bipolar disorder and lowest among those
with generalized anxiety disorder. When all participants were categorized into quartiles based on baseline count, those
with bipolar disorder were more likely to be in the highest quartile, while those with generalized anxiety disorder were

more likely to be in the lowest.

Table | Demographic and Clinical Characteristics Among Different Diseases Status

MDD (N=225) BD (N=110) GAD (N=132) P Post hoc test
Gender 165/60 90/20 93/39 0.11 -
Female 165 (73.33%) 90 (81.82%) 93 (70.45%) <0.01 GAD, MDD < BD
Male 60 (26.67%) 20 (18.18%) 39 (29.55%) <0.01 BD < MDD <GAD
Age 31.16+16.85 19.25+8.27 46.87+13.83 <0.01 BD < MDD < GAD
WBC count 6.33£1.62 6.94+1.48 5.94+1.63 <0.01 GAD < MDD < BD
Ist quartile 58 (25.78%) 13 (11.82%) 46 (34.85%) <0.01 BD < MDD < GAD
2nd quartile 55 (24.44%) 26 (23.64%) 36 (27.27%) 0.004 BD < MDD < GAD
3rd quartile 56 (24.89%) 32 (29.09%) 28 (21.21%) 0.003 | GAD < MDD, MDD <BD
4th quartile 56 (24.89%) 39 (35.45%) 22 (16.67%) <0.01 GAD < MDD < BD
HAMD (n = 265) 22.60+6.88 (n=131) | 23.26+7.23 (n=57) | 15.34+4.70 (n=77) | <0.0I GAD < MDD, BD
BLT number 11.75+3.32 11.87+3.43 12.14+3.12 0.56 -
rTMS number 10.83+3.36 10.65+3.05 11.06+3.58 0.64 -
Drug-antipsychotics 1.29+2.64 4.90+6.49 0.50+1.20 <0.01 GAD < MDD < BD
Drug-antidepressants 16.63+11.02 7.5548.67 14.54x11.62 <0.01 BD < GAD < MDD
Drug-mood stabilizers 0.28+1.38 1.34+2.68 0.11£0.82 <0.01 GAD, MDD < BD
Drug-benzodiazepines 4.95+6.29 3.12+4.49 9.80+7.54 <0.01 BD < MDD < GAD
Drug-anxiolytics 0.02+0.15 0.06+0.48 0.08+0.58 0.39 -

Notes: WBC count were defined in quartiles (Ist quartile: less than 4.81 Kcell/mL; 2nd quartile: from 4.86 to less than 5.89 Kcell/mL; 3rd quartile:
from 5.93 to less than 7.15 Kcell/mL; and 4th quartile: 7.16 Kcell/mL or greater).

Abbreviations: MDD, major depressive disorder; BD, bipolar disorder; GAD, generalized anxiety disorder; WBC, White Blood Cell; HAMD,
Hamilton Depression Rating Scale; BLT, bright light therapy; rTMS, repetitive transcranial magnetic stimulation.
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Table 2 Relationship Between White Blood Cell Count and Sociodemographic, Antidepressant Use During Treatment,

and Depressive Symptoms

Overall rit WBC Count Quartiles

N (%) or Mean * SD P 1t 2m 3 4t
Total 467 (100%) 117 (25.05%) | 117 (25.05%) | 116 (24.84%) | 117 (25.05%)
Age(years) P <0.001 P <0.001
Continuous (age) 32.80 £ 17.52 r=-029 | 41.83 £ 1725 | 3209 + 17.32 | 30.09 £ 169 | 27.17 £ 15.18
Sex P=0.06 | Ptrend = 0.99
Male 119 (25.48%) t=—1.88 23 (4.93%) 37 (7.92%) 23 (4.93%) 36 (7.71%)
Female 348 (74.52%) 94 (20.13%) 80 (17.13%) 93 (19.91%) 81 (17.34%)
Drug-antipsychotics 289 (61.88%) P =0.02 P =0.09
Continuous (DDD) 1.92 + 4.05 r=0.11 1.58 + 3.28 1.97 £ 4.15 |.44 + 3.05 2.68 + 5.28
Drug-antidepressants 408 (87.37%) P=0.15 P=0.56
Continuous (DDD) 13.90 + 11.28 r=0.07 1343 £793 | 13.64+10.73 | 1335+ 1151 | 15.18 + 14.12
Drug-mood stabilizers 117 (25.05%) P=0.23 P=0.35
Continuous (DDD) 048 + |.74 r =0.06 0.46 £ 1.39 0.61 £222 0.25 = 0.95 0.60 = 2.06
Drug-benzodiazepines 367 (78.59%) P=0.03 P=0.02
Continuous (DDD) 5.89 + 6.80 r=-0.10 | 7.57 £+ 74| 5.55 £ 597 5.10 £ 6.84 534+ 673
Drug-anxiolytics 16 (3.43%) P<0.0/ P=0.0I
Continuous (DDD) 0.05 + 0.40 r=0.14 0.02 £ 0.14 0.0l +0.08 0.0l = 0.04 0.16 £ 0.77
HAMD score 265 (56.75%) P=0.14 P=0.05
Continuous 20.63 £7.23 r=0.09 1881 + 650 | 22.14+805 | 21.14£740 | 20.69 * 6.60

Notes: White blood cell count was defined in quartiles (Ist quartile: less than 4.81 Kcell/mL; 2nd quartile: from 4.86 to less than 5.89 Kcell/mL; 3rd
quartile: from 5.93 to less than 7.15 Kcell/mL; and 4th quartile: 7.16 Kcell/mL or greater).

Abbreviations: SD, Standard deviation; WBC, White Blood Cell; DDD, defined daily dose; MDD, major depressive disorder; BD, bipolar disorder; GAD,
generalized anxiety disorder; HAMD, Hamilton Depression Rating Scale.

Across all participants in the study, regardless of type of mental disorder, white blood cell count at baseline correlated
inversely with age and use of benzodiazepine during treatment, whereas it correlated positively with use of antipsychotics
and anxiolytic medications (Table 2). It did not correlate significantly with use of anti-depressants or mood stabilizers.
Age, use of benzodiazepine and anxiolytics and baseline scores on the Hamilton Depression Rating Scale varied
significantly with quartile.

Association Between Treatment and WBC Change

Upon analyzing the combined data from all three patient groups, we observed distinct patterns based on initial white
blood cell count. Specifically, patients with the lowest baseline white blood cell count (first quartile) experienced an
increase in white blood cell count following treatment, while those with the highest initial white blood cell count (fourth
quartile) experienced a decrease. This trend was consistent across the different diagnostic groups (Figure 2 and
Supplemental Table 1). In the major depressive disorder group, white blood cell count increased after treatment in the

first and second quartiles but decreased in the third and fourth quartiles. Similarly, in the bipolar disorder group, white
blood cell count increased in the first and second quartile, but decreased in the fourth quartile, whereas in the generalized
anxiety disorder group, white blood cell count decreased in the second and fourth quartiles.

Associations Between White Blood Cell Count at Baseline and Remission Incidence

After Treatment

When participants were compared in terms of type of mental disorder, remission incidence was significantly higher
among those with generalized anxiety disorder than among those with major depressive or bipolar disorder (Figure 3 and
Supplemental Table 2). When participants were compared in terms of quartile of white blood cell count at baseline,

Neuropsychiatric Disease and Treatment 2025:21 https:
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Figure 2 Retrospective Changes in white blood cell count after treatment across different quartiles and disease groups.

Notes: White blood cell count was defined in quartiles (Ist quartile: less than 4.81 Kcell/mL; 2nd quartile: from 4.86 to less than 5.89 Kcell/mL; 3rd quartile: from 5.93 to
less than 7.15 Kcell/mL; and 4th quartile: 7.16 Kcell/mL or greater); p=significant at ¥<0.05, *¥<0.01, ***<0.001.

Abbreviations: WBC, White Blood Cell; MDD, major depressive disorder; BD, bipolar disorder; GAD, generalized anxiety disorder.

remission incidence among those in the second quartile was higher for generalized anxiety disorder than for major
depressive disorder, and remission incidence in the highest quartile was higher for generalized anxiety disorder than for

bipolar disorder and major depressive disorder.

Associations of Treatment Factors with Percent Change in White Blood Cell Count
Across all participants, mixed-effects linear modeling linked the use of anxiolytics to a decrease in white blood cell count
(B=0.07, 95% CI 0.02 to 0.12) and use of mood stabilizers to an increase in white blood cell count (B = —0.02, 95% CI
—0.03 to 0.00) (Table 3). In contrast, variations in the other treatment modalities—whether anti-depressants, anti-
psychotics or numbers of sessions of bright light therapy or transcranial magnetic stimulation—were not associated
with significant changes in white blood cell count.
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Figure 3 Association between Baseline WBC Count and Remission Incidence in Different Diseases.

Notes: White blood cell count was defined in quartiles (Ist quartile: less than 4.8 Kcell/mL; 2nd quartile: from 4.86 to less than 5.89 Kcell/mL; 3rd quartile: from 5.93 to
less than 7.15 Kcell/mL; and 4th quartile: 7.16 Kcell/mL or greater); P=significant at *<0.05, *¥<0.01, ***<0.001.

Abbreviations: WBC, White Blood Cell; MDD, major depressive disorder; BD, bipolar disorder; GAD, generalized anxiety disorder.

When participants were stratified by quartile of white blood cell count at baseline, use of anti-psychotics by those in the
third quartile was associated with a decrease in white blood cell count (B = 0.01, 95% CI 0.00 to 0.02), as was use of
benzodiazepines ( = 0.01, 95% CI 0.00 to 0.01). Among those in the highest quartile, in contrast, anti-depressants were
minimally associated with change in white blood cell count ( = 0.00, 95% CI —0.01 to 0.00); mood stabilizers, for their
part, were linked to a decrease in white blood cell count (B = —0.02, 95% CI —0.04 to 0.00) in this quartile, suggesting an
immunosuppressive effect. Conversely, the number of bright light sessions was positively associated with changes in white
blood cell counts (f = 0.03, 95% CI 0.01 to 0.05), implying immunostimulation. The number of sessions of repetitive
transcranial magnetic stimulation, in contrast, was not significantly associated with changes in white blood cell count.

Associations of Treatment Factors with Percent Change in Scores on the Hamilton

Depression Rating Scale

Across all participants, mixed-effects linear modeling linked the use of anti-psychotics to a slight increase (f = —0.01,
95% CI —0.01 to 0.00), and the use of anxiolytics to a larger increase (p = —0.05, 95% CI —0.09 to 0.00), in severity of
depressive symptoms based on the change in score on the Hamilton Depression Rating Scale (Table 4). Thus, these two
classes of drug may worsen depressive symptoms. Conversely, a larger number sessions of bright light therapy was
associated with greater mitigation of depressive symptoms (B = 0.02, 95% CI 0.01 to 0.02). However, use of other
psychiatric medications and the number of sessions of transcranial magnetic stimulation were not significantly associated
with changes in symptom severity.

When participants were stratified by quartile of white blood cell count at baseline, use of anti-psychotics by those in
the lowest quartile was associated with slight worsening of depressive symptoms (f = —0.02, 95% CI —0.04 to —0.01),
while use of anxiolytics was associated with more pronounced worsening (B = —0.34, 95% CI —0.56 to —0.11).
Conversely, use of mood stabilizers (f = 0.05, 95% CI 0.01 to 0.09) and larger number of sessions of bright light
therapy (B = 0.04, 95% CI 0.02 to 0.05) were associated with improvement of symptoms.
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Table 3 Mixed-Effects Linear Models Assessing the Association of Treatment Factors with White Blood Cell Count

Retrospective Change in WBC Count

Treatment

WBC Count

WABC Count - Ist Quartile

WBC Count - 2nd Quartile

WABC Count - 3rd Quartile

WABC Count - 4th Quartile

B (95% CI) p B (95% CI) p B (95% CI) P B (95% CI) p B (95% CI) p

Drug-antipsychotics 0.00 (0.00, 0.01) 047 | -001 (-0.02,001) | 048 0.00 (-0.01, 0.01) 0.64 0.01 (0.00, 0.02) 0.03* | —0.0I (-0.01, 0.00) 022
Drug-antidepressants 0.00 (0.00, 0.00) 0.63 0.00 (0.00, 0.01) 0.51 0.00 (0.00, 0.00) 0.95 0.00 (~0.01, 0.00) 025 0.00 (~0.01, 0.00) 0.03*
Drug-mood stabilizers | —0.02 (~0.03, 0.00) | 0.02* 0.00 (~0.04, 0.04) 0.95 ~0.01 (-0.03, 0.01) 0.32 0.00 (~0.04, 0.03) 090 | —0.02 (-0.04,0.00) | 0.04*
Drug-benzodiazepines | 0.0 (0.00, 0.01) 0.15 0.00 (-0.01, 0.01) 0.86 0.01 (0.00, 0.01) 0.07 0.01 (0.00, 0.01) 0.03* 0.00 (-0.01, 0.00) 0.46
Drug-antianxiolytics 007 (0.02,0.12) | 0.01* | 0.02 (-0.31, 0.34) 091 -0.31 (-0.73, 0.11) 0.15 0.16 (-0.61, 0.92) 0.69 0.04 (0.00, 0.09) 0.06
rTMS numbers 0.00 (-0.01,001) | 096 0.01 (-0.01, 0.02) 0.40 ~0.01 (-0.02, 0.01) 039 | -0.0I (-0.02,0.01) 025 | -0.01 (-0.03, 0.00) 0.14
BLT numbers 0.00 (-0.01,001) | 050 0.00 (-0.02, 0.02) 0.94 0.00 (-0.01, 0.01) 0.85 0.00 (-0.01, 0.02) 0.48 0.03 (0.01, 0.05) 0.01%+

Notes: White blood cell count was defined in quartiles (Ist quartile: less than 4.81 Kcell/mL; 2nd quartile: from 4.86 to less than 5.89 Kcell/mL; 3rd quartile: from 5.93 to less than 7.15 Kcell/mL; and 4th quartile: 7.16 Kcell/mL or
greater); P=significant at *<0.05, *#<0.01.

Abbreviations: WBC, White Blood Cell; B, beta coefficients; Cl, confidence intervals; rTMS, repetitive transcranial magnetic stimulation; BLT, bright light therapy.
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Table 4 Mixed-Effects Linear Models Assessing the Association of Treatment Factors with HAMD Scores

Retrospective Change in HAMD Score

Treatment WBC Count WABC Count - Ist Quartile WBC Count - 2nd Quartile | WBC Count - 3rd Quartile | WBC Count - 4th Quartile
B (95% CI) ) B (95% CI) P B (95% CI) P B (95% CI) p B (95% CI) P
Drug-antipsychotics —0.01 (-0.01, 0.00) 0.03* —0.02 (—0.04, —0.01) 0.01%* —0.03 (-0.05, —0.01) | 0.01** 0.00 (—0.02, 0.02) 0.66 0.00 (-0.02, 0.01) 0.45
Drug-antidepressants 0.00 (0.00, 0.00) 0.33 0.00 (-0.01, 0.00) 0.45 —0.01 (-0.01, 0.00) 0.01** 0.00 (-0.01, 0.00) 0.27 0.00 (0.00, 0.01) 0.56
Drug-mood stabilizers | 0.01 (-0.01, 0.02) 0.35 0.05 (0.01, 0.09) 0.01%* 0.03 (-0.01, 0.07) 0.09 0.01 (—0.04, 0.05) 0.79 0.00 (—0.03, 0.03) 0.99
Drug-benzodiazepines 0.00 (0.00, 0.00) 0.60 0.00 (-0.01, 0.00) 0.75 0.00 (-0.01, 0.01) 0.91 0.00 (-0.01, 0.01) 0.8l 0.00 (-0.01, 0.01) 0.48
Drug-antianxiolytics —0.05 (—0.09, 0.00) 0.04* —0.34 (-0.56, —0.11) 0.003** 0.12 (-0.31, 0.56) 0.58 —0.64 (—1.4, 0.08) 0.08 —0.04 (-0.08, 0.01) 0.11
rTMS numbers 0.00 (-0.01, 0.00) 0.28 —0.01 (-0.02, 0.00) 0.17 0.00 (-0.02, 0.02) 0.93 0.00 (-0.02, 0.01) 0.89 —0.01 (-0.02, 0.01) 0.45
BLT numbers 0.02 (0.01, 0.02) <0.00 |+ 0.04 (0.02, 0.05) <0.00 | *** 0.02 (0.00, 0.04) 0.053 0.01 (0.00, 0.03) 0.15 0.01 (-0.01, 0.04) 0.26

Notes: White blood cell count was defined in quartiles (Ist quartile: less than 4.81 Kcell/mL; 2nd quartile: from 4.86 to less than 5.89 Kcell/mL; 3rd quartile: from 5.93 to less than 7.15 Kcell/mL; and 4th quartile: 7.16 Kcell/mL or
greater); P=significant at *<0.05, **<0.01, ***<0.001.
Abbreviations: HAMD, Hamilton Depression Rating Scale; WBC, White Blood Cell; f, beta coefficients; Cl, confidence intervals; rTMS, repetitive transcranial magnetic stimulation; BLT, bright light therapy.
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Use of anti-psychotics by those in the second quartile was associated with slight worsening of depressive symptoms
(B =-0.03, 95% CI —0.05 to —0.01), while use of anti-depressants was associated with marginal worsening ( = —0.01,
95% CI —0.01 to 0.00).

Discussion

In this study, the ability of different combination treatments to induce remission or mitigate the severity of depressive
symptoms in individuals with major depressive, bipolar or generalized anxiety disorder was found to depend on their white
blood cell count at baseline. Our data highlight the need to take into account an individual’s immuno-inflammatory state in
order to personalize treatment, and they suggest that white blood cell count may be a useful routine index for this purpose.

Regardless of their type of mental disorder, individuals in our study with a lower level of inflammation at baseline
tended to experience an increase in white blood cell count after combination treatment, implying recovery or activation
of immune responses. Conversely, individuals with a higher level of inflammation at baseline generally experienced
a decrease in white blood cell count, which could indicate dampening of inflammatory and immune responses. Whatever
the underlying processes, the combination treatment in our study generally tended towards normalizing white blood cell
counts, reflecting the importance of maintaining a balanced immune system for optimal psychiatric outcomes.****

Our study raises the possibility of white blood cell count at baseline as a predictor of the efficacy of combination
treatment. Compared to the higher inflammatory states observed in patients with bipolar disorder and major depressive
disorders, those with generalized anxiety who had low baseline white blood cell counts exhibited higher remission
incidences. Among our study participants in the highest quartile of white blood cell count at baseline, remission
incidence after treatment was significantly higher for generalized anxiety and major depressive disorders than for bipolar
disorder, which may be due to those individuals with bipolar disorder showed the highest white blood cell counts at
baseline. These findings are consistent with previous work linking higher levels of inflammatory markers to weaker
response to anti-depressants in individuals with major depressive disorder perhaps because neuroinflammation reduces
the availability of serotonin.'®*°** Future research should explore the usefulness of baseline white blood cell count for
personalizing treatment of mood and anxiety disorders.

Our study analyzed inpatients who were treated according to routine practice in our specialized mental health unit,
which aims to apply the latest advances in therapies combining pharmacological and other modalities in order to optimize
prognosis. While this approach makes our analysis immediately relevant to the “real world” of the clinic, it also means
that we cannot separately examine the effects of the drug and non-drug components on remission incidence or severity of
depression symptoms in our sample. Future work should clarify whether and how combination treatments involving
drugs, bright light therapy and repetitive transcranial magnetic stimulation improve prognosis by dampening inflamma-

3536 as well as for

tion, as has been suggested for anxiolytics, benzodiazepines, anti-psychotics and anti-depressants,
bright light therapy and repetitive transcranial magnetic stimulation.””® Such work should be suitably designed to detect
potentially complex mechanisms.

In our analysis, the use of anxiolytic medications was associated with a reduction in white blood cell count ( = 0.07,
95% CI 0.12 to 0.02). Although the effect size was relatively small, the confidence interval was narrow and excluded
zero, suggesting a statistically significant and stable association. This finding may reflect the potential anti-inflammatory
effects of anxiolytic agents, possibly mediated through the activation of dopamine D3 receptors and serotonin 1A
receptors, both of which have been implicated in modulating immune responses and neuroinflammatory signaling.*® The
mood stabilizer lithium, for example, has been shown to increase inflammatory signaling in one study*® but to dampen it

in other studies,*!'"*?

reflecting its complex and potentially bidirectional effects on immune function. In our analysis, the
use of mood stabilizers was associated with a slight increase in white blood cell count (f =—0.02, 95% CI —0.03 to 0.00).
Although the effect size was modest, the confidence interval approached statistical significance, suggesting a possible
immunosuppressive effect. It may be that the different components of combination therapy exert therapeutic effects by
simultaneously promoting pro- and anti-inflammatory processes. A greater number of sessions of bright light therapy in
our sample was associated with greater reduction in white blood cell count (B = 0.03, 95% CI 0.05 to 0.01), consistent
with the idea that the therapy dampens inflammation.***** Although the effect size was modest, the confidence interval

was narrow and excluded zero, indicating a statistically significant and robust association. This lends further support to
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the hypothesis that bright light therapy may exert its therapeutic effects, at least in part, by dampening peripheral
inflammation. In contrast, no significant association was observed between the number of transcranial magnetic
stimulation sessions and white blood cell count. Transcranial stimulation may exert anti-depressant effects not by altering
peripheral inflammation, of which white blood cell count serves as a marker, but by altering neural activity*> and
neuroinflammation, of which interleukin-6 and tumor necrosis factor-a serve as markers.*® Future studies should explore
this possibility.

Future work should also examine carefully whether bright light therapy and repetitive transcranial magnetic stimula-

tion can synergize with drugs to dampen inflammation*®*®

and thereby mitigate depressive symptoms by targeting,
simultaneously, the neurobiological pathways involved in mood regulation as well as the inflammatory processes
associated with mood and anxiety disorders.>® Exploring therapeutic mechanisms in preclinical models should be
performed with caution, given that treatments that mitigate inflammation and behavioral deficits in animal models of
depression do not always perform similarly in patients.*’

In fact, the present study already suggests one context in which white blood cell count at baseline may be useful for
optimizing treatment. The number of sessions of bright light therapy was positively associated with improvement of
depressive symptoms after combination treatment among individuals in the lowest quartile of white blood cell count at
baseline, but not among individuals in the highest quartile, even though it was positively associated with the percent decrease
in white blood cells in those quartiles. These results suggest that individuals with elevated inflammation may require initial
treatments that reduce systemic inflammation before bright light therapy can be effective as an anti-depressant.”® >

Our findings should be interpreted in caution in light of the fact that we were unable to minimize confounding by
smoking status, body mass index, illness duration or age at illness onset, the data for which were missing for many
participants. Smoking, body mass index and illness duration are known to influence immune function and
inflammation.>* In addition, we did not include a control group of individuals without mood or anxiety disorders
whose white blood cell counts could provide a reference for determining whether the counts in our patients were truly
associated with their mental condition. Another limitation relates to the assessment of anxiety symptoms. As Hamilton
Depression Rating Scale was retained as the primary outcome measure in the main analysis to ensure consistency across
diagnostic groups. This approach may have reduced the sensitivity to anxiety-specific changes. Finally, although the
diagnosis variable was modeled as a random intercept in the mixed-effects linear model to account for group-level
heterogeneity, disease-specific analyses were not performed due to limited sample sizes. Future studies with larger and
more balanced samples may allow for stratified analyses by diagnostic category to further validate these findings.

Despite these limitations, our study underscores the critical role of inflammation in mental health disorders and the
need to take into account the baseline level of inflammation in order to personalize treatment and optimize outcomes. The
initial level of inflammation may influence the efficacy of combination treatment, especially regimes involving anxio-
lytics, mood stabilizers, and bright light therapy. It may be necessary, for example, to reduce systemic inflammation
before initiating bright light therapy. Our results suggest that a “one-size-fits-all” approach may not be the most effective
for treating mood and anxiety disorders. Future work should verify and extend our findings using larger, more
heterogeneous samples, different combination therapies and longitudinal assessments that include additional inflamma-

tory markers such as C-reactive protein, interleukin-6 and tumor necrosis factor-o.
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