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Abstract

Elevated levels of inflammatory cytokines and white blood cells (WBCs) have been observed in some patients with psyohiatB
disorders. However, the prevalence of leukocytosis, its association with psychiatric conditions, and its relevance in psychiatric
outpatient care remain underexplored. This study included psychiatric outpatients who visited Akebono Clinic and underwent
blood testing between October 2022 and September 2023. From patient records, we obtained age, sex, DSM-5-TR classification,
and the highest and lowest WBC counts during the observation period. Leukocytosis was defined as an absolute WBC count
exceeding 10,000 cells/puL. Among the 1120 psychiatric outpatients included, 187 (16.7%) exhibited leukocytosis at least once
during their visits. Ten (5.7%) of the 176 patients who underwent blood testing only once had leukocytosis. This percentage was
significantly higher than that reported for the general Japanese population (P<.001). Leukocytosis exceeded 20% for patients with
schizophrenia spectrum, bipolar and related, obsessive-compulsive and related, and personality disorders. The percentages were
moderate (between 10% and 20%) for those with sleep-wake, depressive, anxiety, and neurodevelopmental disorders, and low
(<10%) for patients with somatic symptom and related, trauma- and stressor-related, and neurocognitive disorders. Leukocytosis
had significantly higher percentages for those with schizophrenia spectrum, bipolar and related disorders, and depressive
disorders than those for neurocognitive disorders (P< .01, P<.05, and P<.05, respectively). Leukocytosis was observed in 20.5%
of patients aged 30 to 69, 9.5% of those aged 10 to 29, and 8.7% of those aged 70 to 95, indicating significant differences in age
groups. Leukocytosis was considerably more frequent in psychiatric patients than in the general population. Its prevalence was
especially high, exceeding 20%, in patients with schizophrenia spectrum, bipolar and related, obsessive-compulsive and related,
and personality disorders, and among middle-aged individuals.

Abbreviation: WBC = white blood cell.
Keywords: leukocytosis, psychiatric disorders, white blood cells

1. Introduction schizophrenia, suggesting a strong association between inflam-
mation and the disease’s etiology.>*

In addition to schizophrenia, leukocytosis and an elevated
neutrophil-to-lymphocyte ratio have been reported in some
patients with depression,*! anxiety disorders,! bipolar dis-
order™ and cognitive impairment associated with Alzheimer
and Parkinson diseases.!"'! However, the percentage of leuko-
cytosis, its relationship with psychiatric disorders, and its clin-
ical relevance in psychiatric outpatient care have rarely been
examined.

Therefore, in this study we retrospectively investigated the
relationship between leukocytosis and psychiatric disorders, the

In psychiatric outpatient care, we routinely conduct interviews,
administer psychological tests, and perform periodic blood
tests to assess the general condition of patients and monitor for
adverse effects from prescribed medications. Nearly a century
ago, a study reported that approximately 50% of inpatients
with schizophrenia had white blood cell (WBC) counts exceed-
ing 10,000/pL in peripheral blood;" another study determined
approximately 30% of 200 psychiatric inpatients had simi-
lar WBC elevations despite the absence of infection.”! More
recently, elevated levels of inflammatory cytokines such as IL-1,
IL-6, TNF-a, and TGF-p have been observed in patients with
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percentage of leukocytosis, and the significance of its measure-
ment in psychiatric outpatients.

2. Methods

2.1. Participants

The study included outpatients with psychiatric disorders who
visited Akebono Clinic (Ishinomaki, Japan) between October
2022 and September 2023 and underwent blood tests. From the
patient records we obtained patient” age, sex, DSM-5-TR clas-
sification,!?! and the highest and lowest WBC counts observed
during their visits. Patients with comorbid psychiatric condi-
tions were categorized based on their primary diagnosis.

Patient blood samples were obtained from a medial cutane-
ous vein and analyzed using an automated blood analyzer.

Leukocytosis was defined as an elevation in absolute WBC
count (>10,000 cells/pL), based on the Washington Manual of
Medical Therapeutics, 37* Edition (2022).[13

Patients with leukocytosis who had concurrent inflammatory
conditions such as pneumonia, trauma, sinusitis, or rheumatism
at the time of blood sampling were excluded. The final number
of patients included in the study was 1120.

2.2. Statistical analyses

Results are expressed as means = standard deviation for
WBC counts, and medians (25%, 75%) for ages, which were
not normally distributed (P<.05, Kolmogorov—Smirnov and
Shapiro-Wilk tests). The Mann—Whitney U test was used for a
nonparametric age analysis.

A one-sample percentage test was performed to compare the
leukocytosis percentage in the patients with that of the general
Japanese population.

The sample size was calculated to detect a clinical difference
(6% vs 0.6%) with a power of at least 0.80 and a significance
level of .05. A one-sample #-test was conducted to compare
the WBC levels from our sample with the reference value from
Japanese health checkup data. A logarithmic transformation
was applied to the WBC values to achieve a normal distribution
(P>.20, Kolmogorov-Smirnov and Shapiro-Wilk tests); trans-
formed values were used only in the statistical analyses, whereas
the original values were used for presentation.

The percentages of leukocytosis across categorical variables
(diagnostic or age groups) were initially evaluated using the
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chi-square test with Yates continuity correction. If the chi-square
test was significant, pairwise comparisons were conducted using
Fisher exact test with Bonferroni correction as post hoc Dunnett
comparisons.

A P-value <.05 (two-tailed) was considered significant. All
statistical analyses were performed using JMP 3.0 software (SAS
Institute, Cary).

This study was conducted following the Ethical Guidelines
for Medical and Health Research Involving Human Subjects and
was approved by the Japanese Association of Neuro-Psychiatric
Clinics (Approval No. 2023-15). The study details were publicly
disclosed and patients were informed that they could withdraw
consent. However, none of the patients or their families declined
participation.

3. Results

3.1. Participants

Of the 1120 patients, 673 (60.1%) were females and 447 (39.9%)
were males. The median age was 52 (38, 69) years for females and
46 (35, 59) years for males. The female patients were significantly
older than the male patients (P<.001, Mann—Whitney U test).

Depressive disorders were the most common diagnosis (361
patients), followed by anxiety (205 patients) and neurodevelop-
mental (198 patients) disorders.

3.2. Leukocytosis percentages

Among the total sample, 187 of 1120 patients (16.7%) exhib-
ited leukocytosis at least once during their visits. Among the 176

patients who received a blood test only once during their visits,
10 (5.7%) had leukocytosis.

3.3. Leukocytosis percentages by disease according to
DSM-5-TR classifications

Table 1 lists the leukocytosis percentages for 11 disorders, each
had 10 or more patients with the disorder. The equality of leu-
kocytosis percentages was tested using a chi-square test. As the
percentages differed significantly among the groups (P =.018),
post hoc Dunnett comparisons were performed using Fisher
exact test (Table 1).

The percentage of leukocytosis was >20% for those
with schizophrenia spectrum, and bipolar and related,

Leukocytosis percentages by disease according to DSM-5-TR classifications.

DSM-5-TR classification WBC >10.0 WBC <10.0 Total P-value*
n (percentage) n (percentage) n

Schizophrenia 19 (27.1%) 51 (72.9%) 70 .00064**
Bipolar and related disorders 9 (23.7%) 29 (76.3%) 38 0047
Obsessive-compulsive and related disorders 2 (20.0%) 8 (80.0%) 10 .085
Personality disorders 3(20.0%) 12 (80.0%) 15 .047
Sleep-wake disorders 15(19.2%) 63 (80.8%) 78 .0099
Depressive disorders 66 (18.3%) 295 (81.7%) 361 .0043***
Anxiety disorders 33 (16.1%) 172 (83.9%) 205 .014
Neurodevelopmental disorders 30 (15.2%) 168 (84.8%) 198 .022
Somatic symptom and related disorders 2(9.5%) 19 (90.5%) 21 24
Trauma- and stress-related disorders 4 (6.0%) 63 (94.0%) 67 .65
Neurocognitive disorders 1(2.3%) 43 (97.7%) 44 -
Others 3 10 13 -
Total 187 (16.7%) 933 (83.3%) 1120 -

WBC = white blood cell.

*P-values calculated using Fisher exact test compared to neurocognitive disorders group; P <.005 was considered significant.

**P <.01, after Bonferroni correction.
**P < 05,
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obsessive-compulsive and related, and personality disorders.
The leukocytosis percentages for schizophrenia (27.1%,
P<.01), bipolar and related disorders (23.7%, P<.05) and
depressive disorders (18.3%, P <.05) were significantly higher
(after Bonferroni correction) compared to that for neurocog-
nitive disorders (2.3%), which was the group with the lowest
percentage.

3.4. Leukocytosis percentages by age

The relationship between leukocytosis and age is summarized
in Table 2. For the age groups 30 to 39, 40 to 49, 50 to 59, and
60 to 69 years, the percentage was >15%. We recategorized the
age ranges into 3 groups: 14 to 29 years (younger), 30 to 69
years (middle-aged), and 70 to 95 years (older). A chi-square
test revealed significant differences in leukocytosis percentages
between the 3 groups (P =.000012).

The percentage in the middle-aged group was significantly
higher than that in the younger and the older age groups (P<.01
and P<.001 respectively, after Bonferroni correction). No sig-
nificant difference was observed between the younger and the
older groups.

3.5. Impact of lithium treatment

Lithium treatment for bipolar and related disorders can tran-
siently increase WBC counts.["*!5] We examined the presence or
absence of lithium use in patients diagnosed with bipolar and
related disorders.

Among the 38 patients in this category, 14 (36.8%) were
treated with lithium. Leukocytosis was observed in 2 of these 14
patients (14.3%) receiving lithium and in 7 of the 24 patients
(29.2%) not receiving lithium. No significant association was
observed between lithium treatment and leukocytosis (P = .44,
Fisher exact test).

4. Discussion

An elevated WBC count is typically a physiological response of
the bone marrow to infection, inflammation, corticosteroid use,
B-agonist or lithium therapy, or splenectomy.!"¥! Leukocytosis
is defined as an increase in the absolute WBC count exceeding
10,000 cells/pL.

In Japanese adults, normal WBC counts range from 3300
to 8600 cells/pL, as established by Ichihara et al in a study of
6345 healthy healthcare workers aged 18 to 65 years old, with
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a body mass index < 27, daily ethanol consumption <75 g, cig-
arette smoking <20 per day, and no regular medication use.
These values are used as reference ranges for health checkups
in Japan.!¢

Takahashi et al reported that 13 of 2182 individuals (0.6%)
who undergo routine health checkups have leukocytosis, defined
as a WBC count above 10,000/pL.l""! In comparison, among the
176 patients in the current study who received only 1 blood test,
10 (5.7%) were observed to have leukocytosis. This percentage
was significantly higher than that observed in the Japanese pop-
ulation (0.6%), with an odds ratio of 10.0 (95% CI: 3.87-25.2;
P<.05, Fisher exact test).

The mean WBC count for these 176 patients was 6000 = 1300
(/uL), which was significantly higher than the mean of
5400 = 1300 (/uL) reported for healthy Japanese individuals by
Ichihara et al'*®! (P<.001, one-sample #-test).

A strong association between inflammatory cytokines
and psychiatric disorders such as schizophrenia autism,
depression, and anxiety-based disorders has been previously
reported.!'®211 Milhorat et al determined that among 200 psy-
chiatric inpatients, 33.5% had WBC counts above 10,000/pL;
only 22% of those patients had infectious diseases such as
upper respiratory infection, chronic sinusitis, or pyelitis, the
remaining 78% had no identifiable infections. These findings
suggest that elevated WBC counts are considerably more com-
mon in patients with psychiatric disorders than in the general
population.”! However, the causes and mechanisms are not
well understood.

The current study found that the percentage of those with
leukocytosis varied by psychiatric disorder and age group.
Significantly higher rates were observed for patients with
schizophrenia spectrum, and bipolar and related and depres-
sive disorders compared with those with neurocognitive
disorders. Given sufficient sample sizes, conditions such as
obsessive-compulsive and related, personality, and sleep-wake
disorders may demonstrate significantly elevated leukocytosis
rates.

An association between lithium therapy and leukocytosis
for patients with bipolar and related disorders was not demon-
strated in the current study. Although previous research of the
general population, such as a study conducted in Denmark,
has reported that smoking increases WBC count,?? this rela-
tionship could not be evaluated in this study because smok-
ing status was undocumented in a large number of patient
records.

We intended to investigate other inflammatory biomarkers,
such as neutrophil count and C-reactive protein levels in patients
with leukocytosis: however, most patients only had information

Leukocytosis percentages by age groups.

a. b.

Age-range WBC >10.0 WBC <10.0 Total Age-range WBC >10.0 WBC <10.0 Total
(vear) n (percentage) n (percentage) n (vear) n (percentage) n (percentage) n
14-19 3(13.0%) 20 (87.0%) 23 14-29 (younger) 16 (10.1%) 142 (89.9%) 158
20-29 13 (9.6%) 122 (90.4%) 135 30-69 (middle-aged) 152 (20.5%) 591 (79.5%) 743
30-39 35 (18.9%) 150 (81.1%) 185 70-95 (older) 19 (8.7%) 200 (91.3%) 219
40-49 46 (21.1%) 172 (78.9%) 218 Total 187 (16.7%) 933 (83.3%) 1120
50-59 46 (24.0%) 146 (76.0%) 192 - - - -
60-69 25 (16.9%) 123 (83.1%) 148 - P-values* - -
70-79 17 (12.7%) 117 (87.3%) 134 - - younger vs middle-aged .0022**
80-89 2 (2.7%) 73 (97.3%) 75 - - Young vs older 72
90-95 0(0.0%) 10 (100.0%) 10 - - middle-aged vs older .000032***
Total 187 (16.7%) 933 (83.3%) 1120 - - - -

WBC = white blood cell.

*P-values were calculated using Fisher exact test for each pair among the 3 groups; P<.017 was considered significant.

*P<.01.
***P <001, after Bonferroni correction.
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for a WBC count from routine blood tests due to the restrictions
under the Japanese health insurance system.

Future prospective studies are needed to examine the rela-
tionship between longitudinal changes in WBC counts and the
clinical course of psychiatric disorders. Such investigations may
help determine whether WBC count can serve as a reliable bio-
marker in the context of psychiatric outpatient care.

4.1. Limitations

This study has certain limitations. It is a retrospective analysis
that was conducted at a single center, which may limit the gen-
eralizability of the findings. Due to incomplete documentation,
we could not analyze some potentially relevant variables such
as smoking status and other inflammatory markers. Further
research involving larger, multicenter populations is necessary
to validate and expand upon these findings.

Author contributions

Conceptualization: Fumi Akasaka, Sotaro Sadahiro.

Data curation: Fumi Akasaka, Kuni Akasaka.

Formal analysis: Kazutake Okada, Naohito Yamaguchi, Yasuo
Haruki.

Writing — original draft: Fumi Akasaka, Sotaro Sadahiro.

Writing — review & editing: Yasuo Haruki, Sotaro Sadahiro.

References

[1] Kasanin ]. Leucocytosis in mental disease. New Engl ] Med.
1934;210:641-4.

[2] Milhorat AT, Small SM, Diethelm O. Leucocytosis during various emo-
tional states. Arch Neurol Psych. 1942;47:779-92.

[3] Miller BJ, Buckley P, Seabolt W, Mellor A, Kirkpatrick B. Meta-analysis
of cytokine alterations in schizophrenia: clinical status and antipsy-
chotic effects. Biol Psychiatry. 2011;70:663-71.

[4] Kirkpatrick B, Miller BJ. Inflammation and schizophrenia. Schizophr
Bull. 2013;39:1174-9.

[5] Demircan E, Gozel N, Kiling F, Ulu R, Atmaca M. The impact of red
blood cell distribution width and neutrophil/lymphocyte ratio on the
diagnosis of major depressive disorder. Neurol Ther. 2016;5:27-33.

[6] Ozyurt G, Binici NC. Increased neutrophil-lymphocyte ratios in depres-
sive adolescents is correlated with the severity of depression. Psychiatry
Res. 2018;268:426-31.

Medicine

[7] Shafiee M, Ahmadnezhad M, Tayefi M, et al. Depression and anxi-
ety symptoms are associated with prooxidant-antioxidant balance: a
population-based study. ] Affect Disord. 2018;238:491-8.

[8] Kinoshita H, Takekawa D, Kudo T, Sawada K, Mikami T, Hirota K.

Higher neutrophil-lymphocyte ratio is associated with depressive symp-

toms in Japanese general male population. Sci Rep. 2022;12:9268.

Pitsavos C, Panagiotakos DB, Papageorgiou C, Tsetsekou E, Soldatos

C, Stefanadis C. Anxiety in relation to inflammation and coagulation

markers, among healthy adults: the ATTICA study. Atherosclerosis.

2006;185:320-6.

[10] Kohler O, Sylvia LG, Bowden CL, et al. White blood cell count cor-
relates with mood symptom severity and specific mood symptoms in
bipolar disorder. Aust N Z J Psychiatry. 2017;51:355-65.

[11] Unda SR, Antoniazzi AM, Altschul DJ, Marongiu R. Peripheral leu-
kocytosis predicts cognitive decline but not behavioral disturbances:
a nationwide study of alzheimer’s and parkinson’s disease patients.
Dement Geriatr Cogn Disord. 2021;50:143-52.

[12] American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders: DSM-5-TR. 5th ed. text revision. American
Psychiatric Publishing; 2022.

[13] Ancha S, Auberle C, Cash D, et al, eds. The Washington Manual of
Medical Therapeutics. 37th ed. Wolters Kluwer; 2022.

[14] Pi EH, Sramek JJ, Simpson GM. Effect of lithium on leukocytes: a two-
year follow-up. J Clin Psychiatry. 1983;44:139-40.

[15] Carmen ], Okafor K, Ike E. The effects of lithium therapy on leuko-
cytes: a 1-year follow-up study. ] Natl Med Assoc. 1993;85:301-3.

[16] Ichihara K, Yomamoto Y, Hotta T, et al; Committee on Common
Reference Intervals, Japan Society of Clinical Chemistry. Collaborative
derivation of reference intervals for major clinical laboratory tests in
Japan. Ann Clin Biochem. 2016;53:347-56.

[17] Takahashi Y, Izumi N, Kato A. Investigation on subjects with leuko-
cytosis discovered in health check-ups at our hospital. Off J Jpn Soc
Ningen Dock. 2013;28:43-8.

[18] Michopoulos V, Powers A, Gillespie CF, Ressler KJ, Jovanovic T.
Inflammation in fear- and anxiety-based disorders: PTSD, GAD, and
beyond. Neuropsychopharmacology. 2017;42:254-70.

[19] Miiller N. Inflammation in schizophrenia: pathogenetic aspects and
therapeutic considerations. Schizophr Bull. 2018;44:973-82.

[20] Harsanyi S, Kupcova I, Danisovic L, Klein M. Selected biomarkers of
depression: what are the effects of cytokines and inflammation? Int J
Mol Sci. 2022;24:578.

[21] Williams JA, Burgess S, Suckling ], et al; PIMS Collaboration.
Inflammation and brain structure in schizophrenia and other neuropsy-
chiatric disorders: a Mendelian randomization study. JAMA Psychiatry.
2022;79:498-507.

[22] Pedersen KM, Colak Y, Ellervik C, Hasselbalch HC, Bojesen SE,
Nordestgaard BG. Smoking and increased white and red blood cells.
Arterioscler Thromb Vasc Biol. 2019;39:965-77.

[9



