
Reduced Venous Blood Basophil Count and Anxious 
Depression in Patients with Major Depressive 
Disorder

Citation
Baek, Ji Hyun, Hee-Jin Kim, Maurizio Fava, David Mischoulon, George I Papakostas, Andrew 
Nierenberg, Jung-Yoon Heo, and Hong Jin Jeon. 2016. “Reduced Venous Blood Basophil Count 
and Anxious Depression in Patients with Major Depressive Disorder.” Psychiatry Investigation 13 
(3): 321-326. doi:10.4306/pi.2016.13.3.321. http://dx.doi.org/10.4306/pi.2016.13.3.321.

Published Version
doi:10.4306/pi.2016.13.3.321

Permanent link
http://nrs.harvard.edu/urn-3:HUL.InstRepos:27320448

Terms of Use
This article was downloaded from Harvard University’s DASH repository, and is made available 
under the terms and conditions applicable to Other Posted Material, as set forth at http://
nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA

Share Your Story
The Harvard community has made this article openly available.
Please share how this access benefits you.  Submit a story .

Accessibility

http://nrs.harvard.edu/urn-3:HUL.InstRepos:27320448
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://osc.hul.harvard.edu/dash/open-access-feedback?handle=&title=Reduced%20Venous%20Blood%20Basophil%20Count%20and%20Anxious%20Depression%20in%20Patients%20with%20Major%20Depressive%20Disorder&community=1/4454685&collection=1/4454686&owningCollection1/4454686&harvardAuthors=3d597f07a3e1f092fb102658f2e21737&department
https://dash.harvard.edu/pages/accessibility


INTRODUCTION

Anxious depression is a subtype of depression that is well 
known to have different neurobiological characteristics.1 Anx-
ious depression generally shows poorer clinical course2 and 
treatment response,3,4 and higher suicide risk2,5 than non-anx-
ious depression.

Chronic systemic inflammation is increasingly considered 
one of the important biological mechanisms of depression. 
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Immune system alteration in depression has been consistent-
ly documented. Several studies have reported an alteration in 
white blood cell (WBC) subset counts6-8 and increased pro-
inflammatory cytokines, including IL-6 and TNF-α, in indi-
viduals with depression.9 Recent studies showed that a high 
inflammatory state can induce de novo depression,10 and cy-
tokine infusion induces depression-like symptoms in hu-
mans.11 Furthermore, anti-inflammatory agents seem to have 
a beneficial effect on depression,12 and increased inflammation 
can worsen prognosis.13

Previous studies on the inflammatory system in depression 
have mainly focused on pro-inflammatory cytokines, includ-
ing IL-6 and TNF-α. WBC subset fraction and counts also 
provide indirect evidence of an altered inflammatory system 
in anxious depression. A few reports suggested that severe de-
pression is accompanied by disturbances in total white blood 
cell counts (i.e., leukocytosis) and leukocyte subset (i.e., neu-
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trophilia, monocytosis, lymphopenia) counts.6,7

Each WBC subset plays a different role in inflammation. 
Neutrophils are an essential part of the innate immune sys-
tem and play a major role as phagocytes in acute bacterial or 
viral inflammation. Lymphocytes comprise 3 different im-
mune cells, i.e., natural killer (NK) cells, T cell, and B cell and 
mainly work in recruiting humoral immune responses. Eosin-
ophils are mainly associated with parasitic infection and aller-
gic reaction. Basophils are mainly involved in hypersensitivity 
and anaphylactic reaction. Monocytes also function as phago-
cytes, but live longer than neutrophils. 

Given that anxious depression is associated with a chronic 
course and poor response to treatment, the altered immune 
system might be one of the important factors that explain treat-
ment resistance in anxious depression. However, altered blood 
cell counts in anxious depression have not been previously in-
vestigated. 

In this exploratory study examining the immune systems in 
anxious depression, we aimed to characterize the relationship 
between WBC subset counts and anxiety, in individuals with 
major depressive disorder (MDD). 

METHODS

Subjects
A total of 709 patients newly diagnosed with MDD by the 

diagnostic criteria of the DSM-IV, were recruited from the 
outpatient clinic of the Department of Psychiatry and De-
pression Center of the Samsung Medical Center between July 
1, 2009 and July 28, 2012. We only included medically stable 
subjects who did not require any acute medical interventions. 
Those who had other axis I psychiatric disorders, including 
organic mental disorders, mental retardation, neurologic ill-
ness including epilepsy, and serious medical illnesses were ex-
cluded. Subjects were allowed to take regular mediations to 
treat non-severe chronic medical conditions including hyper-
tension, diabetes and dyslipidemia as well as psychiatric con-
ditions. 

Detailed recruitment and evaluation procedures were de-
scribed elsewhere.14 Briefly, psychiatrists with >3 years of clin-
ical experience evaluated the participants’ psychiatric and 
medical histories, and confirmed their eligibility. A trained 
psychologist blinded to the psychiatrists’ judgment separately 
explored the participants’ psychiatric diagnoses and current 
mood states. Subjects’ diagnoses were evaluated using the Ko-
rean version of the Mini International Neuropsychiatric Inter-
view’s (MINI).15 Cohen’s kappa values, a measure of the inter-
rater reliability, have ranged from 0.22 to 0.93 in the Korean 
version of the MINI.16 The severity of depression was mea-
sured with the HAM-D. The MDQ and the HCL-32 were 

used for evaluating potential bipolarity. All study procedures 
were approved by the Institutional Review Board of the Sam-
sung Medical Center.

Measure of anxiety
Levels of anxiety was measured using the Anxiety/ Somati-

zation subitem of the Hamilton Depression Rating Scale 
(HAM-D).17 The Anxiety/Somatization factor of the HAM-D 
includes the following 6 items: anxiety (psychic), anxiety (so-
matic), somatic symptoms (gastrointestinal), somatic symp-
toms (general), hypochondriasis, and insight. Previous studies 
have used the sum of the anxiety/somatization factor score ≥7 
as the cut-off score for anxious depression.18 We regarded anx-
iety as either a dichotomous variable (i.e., presence of anxious 
depression) using the definition of anxious depression, or a 
continuous variable using the HAM-D anxiety/somatization 
factor total score, or individual item scores. (i.e., psychological 
anxiety, physical anxiety, gastrointestinal somatic symptoms, 
general somatic symptoms, hypochondriasis and insight).

Blood sample collection and testing
Peripheral blood samples were drawn into EDTA-anticoag-

ulated vacutainer tubes. Complete cell counts were performed 
on the Sysmex XE2100 automated hematology analyzer 
(Sysmex Corporation, Kobe, Japan) within 4 hours of collec-
tion. The instrument generates differential counts of white 
blood cells by using multichannel analyses. Specifically, baso-
phils are differentially counted from other granulocytes in a 
basophil channel by forward and side scattered light infor-
mation based on their nature of resistance to acidic stripping 
of the cytoplasm by a specific lysing reagent.

Statistical analysis
The demographic data and blood cell counts were com-

pared between individuals with anxious depression and non-
anxious depression. Parametric variables were compared by 
the Student’s t-test. Categorical data were analyzed by the chi-
square test.

We used 3 different approaches to determine associations 
between WBC subsets and anxiety in depression. First, we re-
garded anxiety as a continuous variable, and performed cor-
relation analyses with each WBC subset. Each item and the 
sum of the anxiety/somatization factors of the HAM-D were 
used as variables. Pearson’s correlation analyses were done to 
determine the relationship between anxiety and WBC subset 
fractions. Second, we defined anxious depression as a HAM-
D anxiety/somatization factor score ≥7.18 Analysis of Covari-
ance (ANCOVA) was performed to compare WBC subset 
fractions between individuals with anxious and non-anxious 
depression, after adjusting for age, sex and duration of educa-
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tion. Third, we performed linear regression analyses and lo-
gistic regression analyses to determine the effects of WBC 
subset counts on anxiety. We used raw counts of each subset 
in regression models, in order to include various WBC sub-
sets in one model. Age and sex were additionally entered as 
covariates. 

The null hypothesis was rejected at p<0.05. The SPSS 17.0. 
statistical package was used for the analyses 

RESULTS

Of the 709 individuals with MDD, 302 (42.6%) were classi-
fied as having anxious depression. There were no significant 
differences in socio-demographic characteristics between in-
dividual with anxious and non-anxious depression (Table 1).

As expected, subjects with anxious depression had higher 
total HAM-D scores compared to those with non-anxious 
depression. Individuals with anxious depression showed a sig-
nificantly higher percentage of segmented neutrophils and 
lower percentage of basophils as compared to those with non-
anxious depression (Table 2). No other differences in cell 
counts were detected between the 2 groups.

The correlation analysis (Table 3) indicated that eosinophil 

and basophil counts were negatively correlated with HAM-D 
anxiety/somatization factor scores (eosinophil: r=-0.075, p= 
0.046; basophil: r=-0.092, p=0.014). The individual items of 
HAM-D anxiety/somatization factors i.e., psychological anx-
iety, somatic complaints and hypochondriasis also showed 
significant negative correlation with eosinophil counts; psy-
chological anxiety showed significant negative correlation 
with the basophil count. Total HAM-D scores did not show 
any significant association with blood cell counts.

ANCOVA analyses revealed that individuals with anxious 
depression had lower percentages of basophils and lympho-
cytes, and a higher percentage of segmented neutrophils com-
pared to those with non-anxious depression after adjusting for 
age, sex and duration of education.

When the HAM-D anxiety/somatization sum scores were 
used as a dependent variable in a linear regression model, the 
model was not statistically significant (F=1.79; p=0.086). Lo-
gistic regression analysis using the presence of anxious de-
pression as a dependent variable indicated that the model 
was not statistically significant (χ2=12.26; p=0.092). However, 
when an anxiety score (a sum of somatic and psychic anxi-
ety) was entered as a dependent variable, the model was sta-
tistically significant (F=2.16; p=0.036), and basophil counts 

Table 1. Socio-demographic characteristics of the subjects with major depressive disorder (N=709)

Variables
Individuals with anxious 

depression (N=302)
Individuals with non-anxious 

depression (N=407)
Statistics

t or χ2 p
Age 47.0 (15.3) 46.1 (16.6) t=-0.75 0.45
Sex  216 (71.5)  274 (67.3) χ2=1.43 0.23
Duration of education 12.6 (4.1) 12.8 (3.8) t=0.64 0.52
Currently married  168 (55.6)  202 (49.6) χ2=4.51 0.21
Currently employed  256 (84.8)  347 (85.3) χ2=8.57 0.13
HAM-D total score 19.7 (4.3) 12.5 (5.2) t=-20.07 <0.001
HAM-D anxiety/somatic factor score 7.96 (1.12) 4.47 (1.47) t=-34.47 <0.001
Anxiety/somatization factor score of the HAM-D ≥7 as cut-off score for anxious depression. HAM-D: Hamilton depression rating scale

Table 2. Peripheral blood cell counts of the subjects with major depressive disorder (N=709)

Cell counts
Individuals with anxious 

depression (N=302)
Individuals with non-anxious 

depression (N=407)
Statistics

t or χ2 p
RBC counts  4.50 (0.47) 4.51 (0.47) 0.50 0.62
WBC counts 6.47 (1.68) 6.37 (1.77) -0.73 0.46
Platelet counts 241.01 (58.26) 247.71 (59.06) -1.50 0.13
WBC subset (%)

Segmented neutrophil 58.64 (9.61) 57.12 (9.80) -2.07 0.04
Eosinophil 2.08 (2.04) 2.28 (2.15) 1.29 0.20
Basophil 0.40 (0.26) 0.47 (0.31) 3.11 0.002
Lymphocyte 32.38 (8.73) 33.61 (8.70) 1.87 0.062
Monocyte 6.50 (2.00) 6.51 (2.19) 0.086 0.93

RBC: red blood cell, WBC: white blood cell
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showed a negative association with the anxiety scores, after 
adjusting for all other WBC subset counts and demographic 
factors (t=-2.57; p=0.010) (Table 4).

DISCUSSION

This is the first study to investigate the relationship be-
tween basophil counts and the presence of co-morbid anxi-
ety in MDD patients. We demonstrated differences in WBC 
subset fractions between anxious and non-anxious depression. 
Especially, analyses conducted showed that venous blood ba-
sophil counts were reduced in anxious depression vs. non-
anxious depression. In fact, we found that such counts were 
inversely associated with anxiety severity, as measured by the 
anxiety/somatization subscaleof the HAM-D. Fractions of 
segmented neutrophils and lymphocytes also showed signifi-
cant differences between anxious and non-anxious depres-
sion after adjusting for demographic factors.

Basophils are circulating blood granulocytes that comprise 
roughly 0.1–0.3% of all circulating WBCs. Basophils have 
abundant immunoglobulin E (IgE) receptors and histamine, 
and are mainly involved in mediating allergic reactions, in-
cluding hypersensitivity reactions and anaphylaxis. Such re-

actions involve the release of histamine and major proinflam-
matory cytokines, including IL-6, on activation.19 In addition, 
basophils share a hematopoitetic lineage with tissue-dwelling 
mast cells, which also play an important role in the inflamma-
tory reaction. For instance, both basophils and mast cells con-
tain abundant heparin and histamine.20 Interestingly enough, 
allergic diseases, such as atopic dermatitis and asthma, are 
known to be associated with depression.21,22 Psychological 
stress can activate the hypothalamic-pituitary-adrenal axis23 
and the sympathoadrenal medullary system.24 Catecholamines 
and cortisol generated by both activated systems increase al-
lergic inflammatory responses.25 Nerve terminals in cutane-
ous sensory nerves release neuropeptides,26 which eventually 
activate mast cells, which further release proinflammatory 
mediators.27 Interestingly, the mast cell is known to play a ma-
jor role in the central nervous system (CNS) neuroinflamma-
tion.28

Basophils mainly release histamine in allergic reactions. The 
histamine system plays an important role in modulating alert-
ness, anxiety, memory and mood.29 Mirtazapine and tricyclic 
antidepressants act on the histamine receptor directly, and are 
effective in decreasing anxiety.30 A recent animal study showed 
that histamine was released from the brain mast cell.31 Altera-

Table 3. Correlation analysis between peripheral blood cell counts and anxiety evaluated using HAM-D

Total WBC Eosinophil Basophil Neutophil Lymphocyte Monocyte RBC Platelet
HAM-D total score 0.005 0.002 -0.071 0.043 -0.046 -0.001 -0.001 0.074*
HAM-D anxiety/somatization 
  factor score

-0.010 -0.075* -0.092* 0.046 -0.035 0.022 -0.031 0.037

HAM-D sub-item scores
Psychic anxiety 0.009 -0.099** -0.122** 0.086* -0.059 -0.041 -0.001 0.061
Somatic anxiety 0.022 0.018 -0.056 -0.014 0.015 -0.008 <0.001 0.038
Somatic complaints <0.001 -0.093* -0.027 0.109** -0.084* -0.058 -0.059 0.041
General somatic symptoms 0.008 0.065 -0.054 0.017 -0.033 -0.002 0.007 0.067
Hypochondriasis -0.066 -0.118** -0.022 0.002 0.001 0.104** -0.036 -0.040
Insight -0.013 0.035 -0.009 -0.055 0.039 0.057 -0.017 -0.029

Pearson’s correlation coefficients were presented. *p<0.05, **p<0.01. HAM-D: Hamilton Depression Rating Scale, WBC: white blood cell, 
RBC: red blood cell

Table 4. Linear regression analysis with the HAM-D anxiety scores (sum of psychic anxiety and somatic anxiety) as a dependent variable

B Standard error Standardized β t p
Age -0.005 0.003 -0.064 -1.69 0.091
Sex -0.173 0.103 -0.065 -1.68 0.093
Eosinophil -0.336 0.333 -0.041 -1.02 0.31
Basophil -7.170 2.794 -0.100 -2.57 0.010
Neutrophil 0.022 0.038 0.025 0.59 0.55
Lymphocyte 0.020 0.078 0.010 0.26 0.80
Monocylte 0.208 0.351 0.027 0.60 0.55

Each white blood cell subset was entered using raw count. HAM-D: the Hamilton Depression Rating Scale
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tion in the histaminergic system may be involved in the devel-
opment of anxious depression which may be associated with 
poor clinical course. Findings from our study may reflect the 
association between inflammation related to allergic reaction 
and anxious depression. Decreased basophil counts could af-
fect histamine release and eventually increase the individuals’ 
anxiety level. Further study of associated neuroinflammatory 
substances is required to confirm our findings.

In addition to decreased basophils, individuals with anxious 
depression in our study showed an increased percentage of seg-
mented neutrophils. Maes et al.6 in a study on WBC counts and 
depression, reported monocytosis and neutrophilia in individ-
uals with depression compared to healthy individuals; while 
McAdams and Leonard7 reported increased neutrophils and 
decreased monocytes. Increased cellular immunity may also be 
involved in poor clinical course and treatment responses. 

Our findings need to be interpreted within the context of 
the study design. First, this was a cross-sectional study and 
WBC subset counts were evaluated only once. Second, we 
could not get detailed medical history, including current medi-
cation or certain medical conditions that may have affected 
the variation in WBC subset counts. We excluded all subjects 
who required acute medical intervention, including morbid 
obesity, in order to minimize the confounding effect of the sub-
jects’ medical condition. Third, peripheral WBC subset counts 
may not reflect the central inflammatory system. Fourth, we 
did not include non-depressed, healthy subjects in our study 
samples. 

Despite these limitations, this study showed that there 
were differences in the basophil fraction and count between 
anxious and non-anxious depression. Basophils are associat-
ed with allergic reactions, the latter of which is also biologically 
associated with anxiety and depression. Further studies are re-
quired to confirm the findings from this work. 
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