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1. Introduction

haviour (SB). The role of inflammation and immunomodulation in mood disorders has raised
interest in recent years, as inflammation biomarkers have been reported to be increased in
mood disorder patients, suggesting a role of inflammation in their pathogenesis. The influence
of inflammation on the haematopoietic production is well known; however, a comprehensive
study of the haematopoietic production in patients with major depressive episodes (MDE) is
lacking. We examined global haematopoietic parameters from complete blood counts (CBC)
of patients with MDE, in search of prognostic patterns. MDE patients presented differences in
several CBC parameters, differences that were clearly pronounced and/or significant in concur-
rence with suicide attempts (SA). Red and white blood cell lineage parameters were affected,
suggesting general haematopoietic modulation or imbalance. We observed distinct haemato-
logical parameter changes in women versus men, with men presenting milder alterations than
women. Interestingly, we found that the List of Threatening Experiences (LTE) score, but not
the Childhood Trauma Questionnaire (CTQ), was associated with the haematopoietic alterations
observed exclusively in women and, more importantly, served as a parameter to stratify fe-
male MDE patients based on concurrence or non-concurrence with SA. In conclusion, grades
of haematopoietic modulation in MDE patients are associated with absence or presence of SA.
Haematopoietic manifestations differ between men and women and, in the latter, are markedly
influenced by late, and not early, traumatic events.

© 2020 The Author(s). Published by Elsevier B.V.
This is an  open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

ratio (NLR) (Ekinci and Ekinci, 2017; Ivkovic et al., 2016;

Suicide is the leading cause of non-natural death world-
wide and the second leading cause of mortality in individ-
uals aged 15-29 years (World Health Organization, 2018),
psychiatric disorders and substance abuse being the ac-
knowledged risk factors. Major depressive disorder (MDD)
is the most prevalent mood disorder in individuals with sui-
cidal behaviour (SB), depression itself being associated with
a 20-fold increase in suicide mortality rate (Osby et al.,
2001). Stressors in childhood and adulthood have been as-
sociated with suicide attempts (SA), and there is ongoing
debate whether early events have a stronger association
with SB in comparison with late or recent events (Liu et al.,
2017; Ludwig and Dwivedi, 2018). Importantly, individuals
who have attempted suicide are at higher risk for future
attempts, and a large proportion of them experience self-
inflicted injuries or long-term disability, requiring medical
attention and follow-up. It is therefore of interest to health
systems to develop and rely on more precise personalised
algorithms and biomarkers to better predict and prevent SA
(Barrigon and Baca-Garcia, 2018). In this direction, efforts
have been made to identify different novel biomarkers using
high-throughput technologies (GWAS, metabolomics), high-
lighting the importance of transversal or multidisciplinary
approaches to understand mood disorders.

The role of inflammation and immunomodulation in dif-
ferent conditions or pathologies, including mood disorders,
has raised interest recently (Pariante, 2017). Inflammation-
related biomarkers, such as the neutrophil-to-lymphocyte

Velasco et al., 2020) and C-reactive protein (CRP) (Courtet
et al., 2015; Gibbs et al., 2016), have been reported to be
increased in mood disorder patients, suggesting a role of
inflammation in their pathogenesis and a potential use for
these biomarkers as predictors of SB. More recently, NLR and
mean platelet volume (MPV) have been related to the sever-
ity of SA (Orum et al., 2018). Inflammatory and infectious
diseases, including allergy, asthma, and toxoplasmosis, have
been associated with SB (Postolache et al., 2008; Zhang
et al., 2012). Furthermore, an association has been estab-
lished between SA, inflammation, and increased risk of mor-
bidity and mortality from natural (cardiometabolic) causes
(Bergen et al., 2012). Interestingly, patients treated with
pro-inflammatory cytokines demonstrated increased risk of
suicidal ideation or SA (Fragoso et al., 2010).

A comprehensive model focusing on the influence of
the immune system in the pathophysiology of SB has been
proposed (Courtet et al., 2016), where childhood abuse,
sleep disturbance, infections, and other stressors induce
a chronic inflammatory state causing dysregulation of the
hypothalamic-pituitary-adrenal axis, increasing cortisol lev-
els and indolamine 2,3-dioxygenase activation, which re-
sults in increased N-methyl-D-aspartate (NMDA) agonist and
decreased serotonin levels. All these mechanisms may lead
to psychological vulnerability and SB. However, the cause-
consequence relationship between psychiatric disorders,
SB, and systemic inflammation response and feedback is still
largely unknown.
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Haematopoiesis occurs in an inter-lineage equilibrium,
where production of the different haematopoietic cell types
that circulate in the blood is tightly regulated, as they need
to be constantly replenished due to their short lifespan. A
complete blood count (CBC) test measures a number of vari-
ables related to the different circulating blood cell-types,
and is a bona fide portrait of an individual’s health sta-
tus. Hence, complete blood count (CBC) variables follow a
given correlation in healthy individuals. When haematopoi-
etic distress, imbalance, or modulation occurs, those cor-
relations are disrupted, because the haematopoietic out-
put shifts depending on the underlying physiological de-
mand. It is well known that in response to external cues
(e.g. cytokines during inflammation), the steady state out-
put of the different types of blood cells shifts, usually to-
wards producing higher numbers of innate immune cells
(e.g. basophils, neutrophils, etc.), at the expense of ery-
thropoiesis, megakaryopoiesis, and lymphopoiesis (Zhao and
Baltimore, 2015). For example, anaemia of inflammation
occurs when the body feels a need to increase white blood
cell (WBC) production in response to infection, at the ex-
pense of red blood cell (RBC) production; in this case, the
anaemia is caused by a rise in IL-6 and hepcidin levels, with
subsequent inhibition of iron absorption, ultimately result-
ing in hampered erythropoiesis (Nemeth and Ganz, 2014).
In a transgenic mouse model of anaemia of chronic disease,
characterised by enhanced CD27-mediated co-stimulation
and a strong increase in the production of IFN-y-producing
effector T cells, progressive anaemia is due to inhibition
of erythropoiesis through the IRF-1-dependent activation
of PU.1 transcription factor in haematopoietic precursors
(Libregts et al., 2011). This exemplifies how this balance
is self-regulated through transcriptional reprogramming of
haematopoietic precursors. Contrariwise, recurrent infec-
tions are typical of chronic anaemia patients, as, in these
cases, the necessity to increase RBC production negatively
influences the commitment and differentiation of lymphoid
precursors (Jonker et al., 2017). It has been reported that
inflammation influences haematopoiesis at the haematopoi-
etic stem cell level (King and Goodell, 2011). Hence, it is
plausible that the sub-clinical inflammation (Kohler et al.,
2017) reported in patients with MDE may be accompanied by
other alterations in the haematopoietic production, which,
we hypothesise, will manifest at different levels depending
on SA co-occurrence, sex, and early or late stressors.

In the present study, we examine global haematopoietic
parameters from CBCs of MDE patients, with or without SA,
and evaluate potential haematopoietic imbalance based on
SA co-occurrence, sex, and early or late stressors, with the
objective of defining clinical patterns that would contribute
to a better prognosis and SB management in these patients.

2. Experimental procedures

2.1. Study sample

We performed a cross-sectional study, including 172 Caucasian par-
ticipants aged > 18 years recruited in the area of Oviedo, Spain,
from April 2016 to September 2018. All participants gave informed
consent. The study was conducted according to the Declaration of
Helsinki (World Medical Association, 2013).

The cohort consisted of 79 patients recruited at the Men-
tal Health Services of Oviedo, diagnosed with MDE according to
the Diagnostic and Statistical Manual of Mental Disorders (DSM-
5) (American Psychiatric Association, 2013). The exclusion crite-
ria were comorbid psychiatric diagnoses, acute infection, active
or chronic inflammatory or autoimmune diseases, smoking > 20
cigarettes/day, obesity (BMI > 30 kg/m?), current treatment with
anti-inflammatory or immunosuppressant drugs, acute coronary
syndrome, history of chronic renal, hepatic, or cerebrovascular dis-
ease, and reported haematological disorders.

Our control population consisted of 93 healthy active blood
donors approved by the regional blood bank (Centro Comunitario
de Sangre y Tejidos de Asturias, CCSTA).

2.2. Clinical assessment

Patients were assessed by well-trained interviewers using an ad
hoc protocol for sociodemographic and clinical data. Psychomet-
ric evaluation included the Spanish versions of different scales and
questionnaires. We employed the Hamilton Depression Rating Scale
(HDRS) (Bobes et al., 2003) to determine severity of depression; the
Childhood Trauma Questionnaire-Short Form (CTQ-SF) (Hernandez
et al., 2013), a self-report questionnaire, to detect early life stres-
sors (emotional, physical and sexual abuse, and emotional and
physical neglect); the List of Threatening Experiences (LTE) to de-
tect twelve stressful life events in the six months prior to the eval-
uation (Motrico et al., 2013), and the Medical Damage Scale (MDS)
(Beck et al., 1975) to score medical damage due to SA, ranging from
0 (none) to 8 (dead).

SA was defined as a “self-initiated sequence of behaviours by an
individual who, at the time of initiation, expected that the set of
actions would lead to his or her own death” (American Psychiatric
Association, 2013).

For every patient, seven days prior to assessment, mean daily
antidepressant doses were calculated and standardised to fluoxe-
tine equivalents (Hayasaka et al., 2015).

2.3. CBC analysis

Fasting blood samples were collected in the morning in EDTA tubes.
CBCs were performed the same day using a Sysmex XN-10/XN-20
haematology analyser.

2.4, Statistical analysis

Descriptive parameters were shown as mean and standard devia-
tion. In addition, normal distribution was assessed by the Shapiro-
Wilk test. A Chi-square test was used for comparison of categorical
variables, whereas an unpaired Mann-Whitney U test or a Kruskal-
Wallis test were used to compare continuous variables among two
or more groups, respectively. False discovery rate (FDR) correc-
tion was applied to account for multiple comparisons. Correlation
analyses were performed by Spearman correlation, followed by FDR
correction. Statistical significance was considered p (or g value in
the case of FDR correction) < 0.05. All data were analysed using R
version 3.6 (R Core Team, 2019), and figures were produced using
the ggplot2 package (Wickham, 2009). Principal component anal-
ysis (PCA) was performed after scale-to-interval normalisation of
variable values using Perseus Software version 1.5.2.6.
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3. Results

3.1. Patient cohort: socio-demographics and
psychiatric evaluation

The study population consisted of 79 MDE patients [mean
age (SD): 52.28 (10.56) years; females: 46 (58.2%)], most
with MDD [n =71 (89.9%)]. MDE patients were stratified into
two major groups based on history of SA (MDE SA) [n = 48
(60.8%)] or absence of SA (MDE noSA) [n = 31 (39.2%)].
The control group consisted of 93 healthy active blood
donors [mean age (SD): 48.22 (11.44) years; females: 40
(43.0%)]. No significant differences between patient groups
were identified with regard to sociodemographic character-
istics or sex. Age differed considerably between patient and
control groups, although post-hoc pairwise analysis (Dun-
can) revealed significant differences only in the MDE noSA
group compared with the control group (Table 1 and Supple-
mentary Table 1).

3.2. CBC of MDE patients: grades of
haematopoietic modulation associated with SA

The CBCs of all patients were within normal range for
all variables analysed, including WBC and differential
count (neutrophils, lymphocytes, monocytes, eosinophils,
and basophils), RBC count, mean corpuscular volume
(MCV), red cell distribution width (RDW), haematocrit
(HCT), and haemoglobin-related variables (haemoglobin
(Hb), mean corpuscular haemoglobin (MCH), mean corpus-
cular haemoglobin concentration (MCHC)), and platelets
and mean platelet volume (PLT, MPV). From these data, the
neutrophil-to-lymphocyte (NLR), monocyte-to-lymphocyte
(MLR), and platelet-to-lymphocyte (PLR) ratios were calcu-
lated (Table 2 and Supplementary Table 1).

Principal component analysis (PCA) was performed on the
CBC variables as presented in Supplementary Table 1 (taking
into consideration only the WBC differential counts and not
the percentages) in order to visualise the clustering of the
patients in the different groups and the controls. This anal-
ysis revealed that while the clusters of MDE patients with-
out SA (MDE noSA) and the controls overlapped to a large
extent, the cluster of MDE patients with SA (MDE SA) pre-
sented only a partial overlap with the cluster of controls,
with a number of MDE SA patients located very distant from
the nucleus (or centre) of the control cluster (Fig. 1). Of
note, the MDE SA patients who clearly separated from the
control cluster nucleus were females. This data suggests dif-
ferential clustering of MDE patients, in concurrence with or
without SA, based on their CBC measurements.

To identify the variables responsible for this differential
clustering, we next compared potential haematological dif-
ferences in blood samples between the two major subgroups
of MDE patients (SA and noSA) and controls. Descriptive
analysis revealed significant changes in RBC lineage-related
parameters, e.g. RBC count (reduced), MCV (increased),
RDW (reduced), MCH (increased), and MCHC (reduced), with
no Hb or HCT changes, suggesting signs of stress erythro-
poiesis in MDE patients. There were no significant changes
in WBC counts; however, there was a significant reduction in

monocytes and an increase in eosinophils and basophils, sug-
gestive of systemic inflammation. Platelet-related parame-
ters showed a tendency toward thrombocytosis (not signif-
icant) with a significant reduction in MPV in MDE patients
versus controls. The difference in these variables was sig-
nificant and/or greater in MDE patients in concurrence with
SA, supporting the PCA results. Furthermore, a tendency to-
ward increased NLR and significantly reduced MLR were ob-
served in MDE SA patients (Tables 2 and 3 and Fig. 2).

3.3. Disruption of haematopoietic equilibrium in
MDE patients

We next evaluated the haematological equilibrium of CBC
variables by studying their correlations in MDE patients ver-
sus controls, with the hypothesis that the identified dif-
ferences and differential clustering observed in the PCA
analysis could be explained by the loss of canonical or ap-
pearance of de novo correlations, supporting the notion of
haematopoietic distress or production imbalance.

In fact, the significant correlations identified in the con-
trol group, and thus, the normal equilibrium of haematopoi-
etic production, were gradually disrupted in MDE patients,
with increasing severity associated with concurrence of SA
(Fig. 3). Interestingly, we observed new significant correla-
tions of haematopoietic variables that would indicate an im-
balance of haematopoiesis not present in the control group.
This imbalance would suggest an incipient shift favour-
ing WBC lineage at the expense of RBC lineage production
(Fig. 3).

3.4. Sex and haematopoietic modulation in MDE

It is well known that some haematological parameters from
a CBC depend on age and sex (Cheng et al., 2004; Qiao
et al., 2014); therefore we performed multiple regression
analyses, which allowed us to identify the haematological
parameters dependent on or influenced by these variables
in our cohort of patients and controls (Table 2). As is already
known, females presented slightly reduced RBC count, Hb,
HCT, and MCH compared with males. Contrariwise, females
displayed significantly higher platelet numbers. This also ex-
plains the differential clustering of male and female indi-
viduals in the PCA (Fig. 1). Additionally, we observed age-
related differences that, although small, were still signifi-
cant; i.e. the RDW % was higher in older individuals while
the opposite was true for lymphocyte counts (Table 2).

It was therefore important to study whether the
haematopoietic imbalance observed in our cohort was main-
tained when the sexes were studied separately and whether
it would impact males and females equally. Therefore, we
next performed the same comparative analysis after strati-
fication of our cohort based on sex. Of note, the difference
observed in age in the global population (MDE noSA vs con-
trols) disappeared in women after stratifying our cohort, but
persisted in men (data not shown).

We observed increased SA-associated haematopoietic im-
balance both in men and women; however, both sexes pre-
sented particularities and separate haematopoietic modu-
lation profiles. While females experienced the most evi-
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Table 1

Sociodemographic and clinical data. SD: Standard deviation; HDRS: Hamilton Depression Rating Scale; MDE: Major

Depressive Episode; SA: Suicide attempt; noSA: No suicide attempt; MDS: Medical Damage Score; LTE: List of Threatening Expe-
riences; CTQ: Childhood Trauma Questionnaire; SSRI: Selective Serotonin Reuptake Inhibitor; SNRI: Serotonin and Norepinephrine
Reuptake Inhibitor; NDRI: Norepinephrine Dopamine Reuptake Inhibitor;! Statistically different (Post-hoc Duncan test).

MDE MDE SA MDE noSA Healthy MDE MDE + Controls
controls
n=179 n =48 n =31 n=93 X2 */T test (p) X2 */ANOVA (p)
Sex [n (%)]
Males 33 (41.8%) 18 (37.5%) 15 (48.4%) 53 (57.0%)  0.918* (0.338) 4.849* (0.089)
Females 46 (58.2%) 30 (62.5%) 16 (51.6%) 40 (43.0%)  1.414 (0.162) 3.810 (0.024)
Age [Mean (SD)] 52.28 (10.56) 50.94 (9.71) 54.35 (11.61) 48.22
g (11.44)"
Diagnosis [n (%)]
Major Depressive Disorder 71 (89.9%) 43 (89.6%) 28 (90.3%) 0.011* (0.915)
Bipolar Disorder 8 (10.1%) 5 (10.4%) 3(9.7%)
HDRS [Mean (SD)] 21.15 (4.21)  21.04 (4.56) 21.32 (3.67) 0.288 (0.774)
Number of SA [Mean (SD)] - 2.58 (2.53) - -
Age of 1st SA [Mean (SD)] - 39.71 (13.64) - -
MDS [Mean (SD)] - 3.17(1.45) - -
LTE [Mean (SD)] 2.99 (2.44) 3.25 (2.99) 2.58 (1.12) —1.193
(0.237)
CTQ Total Score [Mean (SD)] 51.09 (17.90) 53.94 (19.93) 46.77 (13.45) —1.894
(0.062)
CTQ Physical Abuse [Mean (SD)] 6.64 (3.39) 7.13 (4.07) 5.90 (1.78) —1.817
(0.074)
CTQ Sexual Abuse [Mean (SD)] 6.82 (4.34) 7.32 (4.81) 6.06 (3.42) —1.344
(0.183)
CTQ Emotional Abuse [Mean 8.88 (4.62) 9.45 (4.86) 8.03 (4.16) —1.331
(SD)] (0.187)
CTQ Physical Neglect [Mean 8.41 (3.83) 8.85 (3.71) 7.74 (3.98) —1.256
(SD)] (0.213)
CTQ Emotional Neglect [Mean 11.03 (5.40) 11.64 (5.48) 10.10 (5.21) —1.239
(SD)] (0.219)
Pharmacological Treatment [n (%)] 74 (93.7%) 46 (95.8%) 28 (90.3%) 0.965* (0.326)
Antidepressant equivalent to 45.21 (19.08) 45.74 (20.71) 44.36 (16.41) —0.316
fluoxetine 40 mg/day [Mean (0.766)
(SD)]
SSRI [n (%)] 26 (32.9%) 17 (35.4%) 9 (29.0%) 0.348* (0.555)
SNRI [n (%)] 36 (45.6%) 21 (43.6%) 15 (48.4%) 0.163* (0.686)
NDRI [n (%)] 7 (8.9%) 4 (8.3%) 3 (9.7%) 0.042* (0.837)
Others [n (%)] 36 (45.6%) 23 (47.9%) 13 (41.9%) 0.272* (0.602)
Mood Stabilisers [n (%)] 10 (12.7%) 7 (14.6%) 3 (9.7%) 0.410* (0.522)
Antipsychotics [n (%)] 32 (40.5%) 23 (47.9%) 9 (29.0%) 2.787* (0.095)
Benzodiazepines [n (%)] 67 (84.8%) 43 (89.6%) 24 (77.4%) 2.163* (0.141)
Others [n (%)] 12 (15.18%) 6 (12.5%) 6 (19.4%) 0.687* (0.407)
Tobacco consumption [n (%)]
Yes 36 (45.6%) 20 (41.7%) 16 (51.6%) 0.751* (0.386)
No 43 (54.4%) 28 (58.3%) 15 (48.4%)
No. of cigarettes/day [Mean (SD)] 15.19 (9.56) 13.35 (5.76)  17.50 (12.70) 1.307 (0.200)

dent changes, these were not always significantly altered
in males (Table 3). Regarding RBC lineage, a significant in-
crease in RBC count with no change in RDW was observed in
MDE females; however, in males, the MCV and RDW changes
were significant only in concurrence with SA (Fig. 4). RDW
is affected by age, as our analysis showed (Table 2), but
since age was different in the MDE noSA group and the sig-
nificant difference was detected in the MDE SA group, we
consider our results valid. These data suggest that females
with MDE are more prone to experience haematological im-

balance, affecting both the RBC and WBC lineages, while
men present overall milder alterations.

3.5. CTQ and LTE scores and haematopoietic
modulation in MDE

Further analyses were conducted to evaluate the associa-
tions between stressors during childhood and adulthood, as
assessed using CTQ and LTE scores, respectively, and the
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Table 2 Complete blood parameters in the patient and control groups. Variables are summarised as mean (standard deviation).
Differences between the MDE SA and MDE noSA groups and the healthy controls were assessed by one-way Kruskal-Wallis test.
Variables with significant differences (p < 0.05) are highlighted in bold. MDE: Major Depressive Episode; SA: Suicide attempt;
noSA: No suicide attempt; WBC: white blood cell count; RBC: red blood cell count; MCV: mean corpuscular volume; MCH: mean
corpuscular haemoglobin; MCHC: mean corpuscular haemoglobin concentration; RDW: red cell distribution width; MPV: mean
platelet volume; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.

MDE MDE SA MDE noSA Healthy One-way Sex Age
controls Kruskal-Wallis  adjusted  adjusted
N=79 N =48 N=31 N=93 p p p
WBC (103/pL) 7.47 (2.25) 7.82 (2.38) 6.93 (1.94) 7.11 (1.66) 0.205 1 1
RBC (108/p1L) 4.73 (0.46) 4.69 (0.43) 4.79 (0.49) 4.90 (0.38) 0.017 < 0.001 1
Haemoglobin (g/dL)  14.31 (1.54)  14.17 (1.60)  14.51 (1.44)  14.56 (1.11) 0.460 < 0.001 1
Haematocrit (%) 42.49 (4.03)  42.25 (4.12)  42.86 (3.93) 42.34(2.79) 0.945 < 0.001 1
MCV (fL) 89.76 (5.22)  89.87(6.35) 89.59 (2.75)  86.52 (3.94) < 0.001 1 1
MCH (pg) 31.83 (9.84)  32.80 (12.54) 30.33 (1.29) 29.73 (1.50) 0.006 < 0.001 1
MCHC (g/dL) 33.73 (1.29)  33.65(1.45)  33.85(1.00)  34.37 (1.00) 0.003 1 1
RDW (%) 13.39 (1.24)  13.41 (1.41)  13.36 (0.96)  13.70 (1.01) 0.022 1 < 0.001
Neutrophils (103/ul) 4.23 (1.84) 4.54 (2.02) 3.74 (1.39) 3.95 (1.29) 0.109 1 1
Lymphocytes (103/pL) 2.38 (0.84) 2.41 (0.87) 2.35 (0.81) 2.31 (0.78) 0.835 1 < 0.001
Monocytes (103/pl)  0.56 (0.17) 0.57 (0.16) 0.55 (0.19) 0.64 (0.18) 0.012 1 1
Eosinophils (103/uL)  0.24 (0.15) 0.25 (0.15) 0.21 (0.14) 0.19 (0.12) 0.043 1 1
Basophils (103/pL) 0.05 (0.02) 0.06 (0.02) 0.05 (0.02) 0.03 (0.01) < 0.001 1 1
Platelets (103/pL) 252.16 (68.97) 260.08 (80.56) 239.90 (44.09) 244.25 (60.63) 0.540 < 0.001 1
MPV (fL) 10.83 (0.80) 10.80 (0.81)  10.89 (0.78)  11.29 (0.94) 0.008 1 1
NLR 1.97 (1.35) 2.17 (1.66) 1.68 (0.57) 1.87 (0.80) 0.510 1 1
PLR 117.26 (53.49) 122.39 (64.51) 109.30 (28.50) 117.99 (54.77) 0.952 1 1
MLR 0.26 (0.11) 0.26 (0.12) 0.25 (0.08) 0.30 (0.13) 0.017 1 1
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Fig. 1 Principal component analysis (PCA) of haematological parameters in MDE patients and healthy controls shows distinct

clustering of samples depending on co-occurrence of SA.

PCA of haematological parameters performed on MDE patients (MDE noSA, MDE SA, and controls) is depicted.
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Table 3 Differences between patient groups, stratified by severity of MDE (SA/noSA) and sex, and healthy controls were evalu-
ated by the Mann-Whitney U test, and the False Discovery Rate (FDR, g value) is indicated. Variables with significant differences
are highlighted in bold. Ratios show the relationship between the means of each patient group and the healthy controls for each
haematological parameter. MDE: Major Depressive Episode; SA: Suicide attempt; noSA: No suicide attempt; WBC: white blood cell
count; RBC: red blood cell count; MCV: mean corpuscular volume; MCH: mean corpuscular haemoglobin; MCHC: mean corpuscular
haemoglobin concentration; RDW: red blood cell distribution width; MPV: mean platelet volume; NLR; neutrophil-to-lymphocyte
ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.

Global Male Female

MDE SA MDE noSA MDE SA MDE noSA MDE SA MDE noSA

q Ratio ¢q Ratio ¢q Ratio g Ratio ¢ Ratio ¢q Ratio
WBC (103/p.L) 0.236 0.722 0.687 0.811 0.726 0.134 0.85
RBC (106/p1L) 0.02 0.96 0.218 0.638 0.811 0.190 0.309
Haemoglobin (g/dL) 0.342 0.676 0.856 0.914 0.797 0.630
Haematocrit (%) 0.884 0.947 0.687 0.811 0.698 0.576
MCV (fL) <0.001 1.04 <0.001 1.04 0.04 1.03 0.153 0.005 1.04 0.003 1.04
MCH (pg) 0.02 1.10 0.125 0.056 0.365 0.182 0.409
MCHC (g/dL) 0.02 0.98 0.077 0.130 0.811 0.190 0.02 0.98
RDW (%) 0.02 0.98 0.218 0.04 0.96 0.351 0.660 0.630
Neutrophils (103/ul)  0.193 0.558 0.587 0.811 0.726 0.128
Lymphocytes (103/uL) 0.656 0.947 0.995 0.811 0.732 0.521
Monocytes (103/uL) 0.03 0.88 0.089 0.587 0.860 0.153 0.031 0.71
Eosinophils (103/p.L) 0.03 1.34 0.558 0.242 0.365 0.190 0.978
Basophils (103/pL) <0.001 2.05 <0.001 1.81 0.001 1.87 0.009 1.88 <0.001 2.27 0.031 1.78
Platelets (103/pL) 0.386 0.993 0.812 0.994 0.726 0.921
MPV (fL) 0.020 0.96 0.111 0.242 0.145 0.153 0.693
NLR 0.545 0.676 0.812 0.811 0.855 0.309
PLR 0.998 0.917 0.964 0.811 0.883 0.921
MLR 0.02 0.88 0.218 0.638 0.990 0.112 0.128

haematopoietic modulation observed in MDE patients, with
or without stratification based on sex.

First, we studied the distribution of CTQ and LTE scores in
our patient cohort. Although there was a tendency towards
a progressive increase in those scores from lower in MDE
noSA patients to higher in MDE SA patients, there were no
significant changes in CTQ nor LTE scores (data not shown).
In order to analyse the association of CTQ and LTE scores
with the haematopoietic imbalance observed in MDE patient
subgroups, we generated new ratio variables calculated as
“haematopoietic parameter value vs CTQ or LTE score” per
patient (Table 4) in the global MDE cohort and after stratifi-
cation based on sex. This analysis showed that LTE (and not
CTQ) was associated with the haematological alterations
observed in females only, and that the ratios calculated with
all the RBC lineage parameters and those calculated with
lymphocytes and monocytes as part of the WBC differential
clearly separated SA from noSA in females (Fig. 5). These
results suggest that females are more susceptible to devel-
oping signs of haematopoietic distress, that this imbalance
is more severe in concurrence with SA, and that the correla-
tion of all RBC lineage parameters and some of the WBC pa-
rameters with the LTE score clearly separates SA from noSA
in female patients with MDE.

4, Discussion

We examined global haematological parameters from CBCs
of MDE patients, with or without SA, and evaluated potential

haematopoietic modulation, imbalance or distress due to
co-occurrence of SA, and how sex and early or late stressors
may influence potential haematopoietic modulation mani-
festations in MDE patients.

We suggest that the haematopoietic imbalance observed
in these patients goes beyond the inflammatory status previ-
ously reported by others (Courtet et al., 2016, 2015; Ekinci
and Ekinci, 2017; Gibbs et al., 2016; Glaus et al., 2018a, b;
Ivkovic et al., 2016; Kayhan et al., 2017; Liu et al., 2012;
Mazza et al., 2019; Miller and Raison, 2016; Orum et al.,
2018). Haematopoietic imbalance, modulation, or distress
refers to the physiological response of the haematopoi-
etic system to a certain stimulus, which causes loss of the
haematopoietic production equilibrium. This loss of equilib-
rium may not affect single variables (as the normal ranges
for some of them are considerably wide), and hence, CBCs
as such may be within the normal range. However, since the
haematopoietic production is so tightly regulated, correla-
tions amongst variables start to be lost even when shifts of
variables are still present within the normal range, but de-
viate from the values and correlations measured in a given
individual under healthy conditions. A simple cold, which
is transitory, will induce such distress. Furthermore, study-
ing a given variable, like the red blood cell count, in a
certain patient cohort, such as the one as we present in
this manuscript, may show a skewed distribution towards a
minimum threshold -still within the normal range-, while in
healthy donors, the distribution is evenly dispersed within
the top and bottom limits. While it is important to ac-
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Fig. 2 Haematological parameters are affected in MDE patients and changes are more pronounced in co-occurrence with SA.

(a) Box plots of selected haematological parameters from the CBCs of MDE patients (SA and noSA) and healthy controls. Top row
depicts some parameters of the RBC lineage. Middle row depicts some parameters of the WBC lineage differential. Lower row
depicts the mean platelet volume. (b) Box plots of calculated ratios. RBC, red blood cell; MCV, mean corpuscular volume; MCHC,
mean corpuscular haemoglobin concentration; MPV, mean platelet volume; NLR, neutrophil-lymphocyte ratio; and MLR, monocyte-
lymphocyte ratio. *p < 0.05 and *** p < 0.001. NS: not significant.

knowledge that CBCs of all patients were within the nor-
mal range, we observed clear signs of stress erythropoiesis
(reduced RBC and RDW with increased MCV) accompany-
ing inflammation (decreased monocytes and increased ba-
sophils and eosinophils). The tendency toward increased
platelet counts, although not significant, along with re-
duced MPV, are suggestive of reactive thrombocytosis and
platelet vesiculation, which is normally present in acute
phase response or systemic inflammation. All these changes

were more pronounced or significant in MDE patients in co-
occurrence with SA. Furthermore, the equilibrium of the
haematopoietic production, as exemplified by haematolog-
ical variable correlation matrixes, showed a disappearance
of many correlations and the appearance of de novo corre-
lations in MDE patients versus controls. These data, taken
together, suggest increasing grades of haematopoietic mod-
ulation/distress in MDE patients (associated with SA), in-
dicative of inflammation (as previously reported), but also
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Fig. 3 Correlation of haematological parameters is disturbed in MDE patients.

Correlation matrixes of haematological parameters in MDE patients (noSA and SA) and healthy controls are depicted. Significant
correlations are shown by different sized circles, indicating the strength of the slope. Direct correlations are coloured blue, while
negative correlations are coloured red. Note that many correlations identified in the healthy control group disappear in MDE
patients. De novo correlations are framed in a red-line square. (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of this article.)

indicative of underlying or onset of stress erythropoiesis.
Changes in haematological parameters in mood disorders
have been previously reported, including the appearance of
specific correlations as we report in this study (Wysokinski
and Szczepocka, 2016, 2018). In some reports, the tenden-
cies observed are the opposite (increased RDW vs decreased
RDW as we observed) (Demircan et al., 2016). Heterogene-

ity among study cohorts (probably due to sociodemographic
and environmental factors) and sample size may condition
this discrepancy, separating inflammation-associated ery-
throid stress due to iron deficiency (or malabsorption) from
other types of dyserythropoiesis. Furthermore, the variables
affected by sex (i.e. RBC, HB, HCT, MCH, and PLT) or by
age (RDW and lymphocyte count) suggest that correction or
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Fig. 4 Sex associates with a distinct haematopoietic modulation response in MDE patients.

Box plots depicting MCV (mean corpuscular volume), MCHC (mean corpuscular haemoglobin concentration), RDW (red cell distri-
bution width), and monocyte and basophil counts in MDE patients with or without SA (SA and noSA, respectively) compared with
healthy controls, stratified by sex. *p < 0.05, **p < 0.005 and ***p < 0.001. NS, not significant.

stratification should be done to study the haematological
component rigorously.

Our data highlight reduced monocytes and reduced MLR
as potential markers that separate SA from noSA MDE. A pos-
sible explanation of the reduced peripheral blood monocyte
counts and percentages in our cohort is the recruitment of

activated monocytes to the central nervous system, becom-
ing active players in the described neuro-inflammation of
mood disorders (Weber et al., 2017).

We next assessed whether sex may condition a distinct
response regarding the identified haematopoietic modula-
tion in MDE patients. This is relevant, since many of the
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Table 4 Differences between the CBC vs CTQ/LTE ratios of patient groups, stratified by severity of MDE (SA/noSA) and sex,
and healthy controls were evaluated by the Mann-Whitney U test, and the False Discovery Rate (FDR, g value) is indicated.
Variables with significant differences are highlighted in bold. Ratios show the relationship between the means of each patient
group and the healthy controls for each haematological parameter. MDE: Major Depressive Episode; SA: Suicide attempt; noSA: No
suicide attempt; WBC: white blood cell count; RBC: red blood cell count; MCV: mean corpuscular volume; MCH: mean corpuscular
haemoglobin; MCHC: mean corpuscular haemoglobin concentration; RDW: red blood cell distribution width; MPV: mean platelet
volume; NLR; neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; MLR: monocyte-to-lymphocyte ratio.

Global Male Female

cTQ LTE cTQ LTE cTQ LTE

q Ratio g Ratio g Ratio g Ratio ¢ Ratio g Ratio
WBC (103/p.L) 0.943 0.288 0.841 1 0.802 0.305
RBC (106/p1L) 0.460 0.108 0.740 1 0.802 0.022 0.631
Haemoglobin (g/dL) 0.460 0.108 0.662 1 0.802 0.026 0.630
Haematocrit (%) 0.460 0.108 0.662 1 0.802 0.022 0.633
MCV (fL) 0.460 0.117 0.662 1 0.802 0.022 0.642
MCH (pg) 0.623 0.136 0.797 1 0.802 0.022 0.644
MCHC (g/dL) 0.460 0.127 0.662 1 0.802 0.022 0.645
RDW (%) 0.491 0.108 0.662 1 0.802 0.024 0.641
Neutrophils (103/uL) 0.623 0.219 0.797 1 0.802 0.118
Lymphocytes (103/uL)  0.460 0.063 0.662 1 0.802 0.011  0.565
Monocytes (103/pL) 0.219 0.063 0.662 1 0.802 0.011  0.587
Eosinophils (103/p.L) 0.797 0.621 0.810 1 0.872 0.591
Basophils (103/uL) 0.623 0.244 0.797 1 0.802 0.157
Platelets (103/pL) 0.797 0.621 0.882 1 0.802 0.592
MPV (fL) 0.623 0.127 0.662 1 0.915 0.090
NLR 0.623 0.159 0.662 1 0.991 0.283
PLR 0.943 0.987 0.797 1 0.802 0.831
MLR 0.943 0.521 0.797 1 0.872 0.540

symptoms associated with mood disorders suggest an au-
toimmune background, and women have a higher preva-
lence of autoimmune disorders (Rainville and Hodes, 2019).
Sex-related differences in levels of inflammation markers
have been previously reported (Majd et al., 2018). Indeed,
we observed that changes were more pronounced in women
versus men, and some of the variables followed a differ-
ent pattern. Our analyses suggest that MDE females are
prone to develop a cumulative increase in haematological
changes, which indicate or are associated with systemic in-
flammation. The increase in MCV could be a reflection of
haematopoietic imbalance due to a consolidated systemic
immune response, which induces haematopoietic produc-
tion compensation shifts at the expense of RBC production.
On the other hand, our data suggest that MDE males have
reduced haematopoietic alterations compared to MDE fe-
males, with signs of mild ineffective erythroid production
(extrapolated from RDW values) and mild signs of systemic
inflammation in association with SA.

Next, we evaluated whether the identified haematopoi-
etic imbalance in MDE associates with early or late stres-
sors, as there is a long-standing debate about how trau-
matic events in childhood may confer vulnerability to SB in
MDE patients (Liu et al., 2017; Nelson et al., 2017). Inter-
estingly, despite not finding an association of CTQ or LTE
with MDE regardless of the presence of SA, we observed
an association of alterations in haematopoietic parameters

with the LTE score in females only. All these results suggest
that stressors during adulthood seem to be a major factor
contributing to the severity of the haematopoietic modula-
tion observed in MDE patients, which associates with SA in
females.

The study was performed in Caucasians, which limits
the extrapolation of our observations to other ethnicities.
However, our MDE cohort excluded individuals with severe
chronic illness and those treated with anti-inflammatory
drugs, to prevent confounders in the analysis. In addition,
we performed the analysis on MDE patients and evaluated
the impact of changes and correlations of haematologi-
cal parameters versus a healthy control group, which adds
power to the clinical significance of the haematopoietic
modulation of interest. However, this study is of exploratory
nature, and the cross-sectional design and reduced N of the
cohort may compromise our conclusions. Along this line, we
did not see a significant increase in the NLR in MDE SA pa-
tients (although there was a tendency), while the MLR was
significantly reduced in concurrence with SA. We recently
postulated NLR as a biomarker of suicidal behaviour, how-
ever in a much larger cohort (Velasco et al., 2020).

We conclude from our observations that grades of
haematopoietic modulation in MDE patients associate
with co-occurrence of suicide attempts. Interestingly,
haematopoietic manifestations differed between men and
women and were markedly influenced by late but not early
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Fig. 5 Stressors and sex association with haematopoietic modulation in MDE patients.
Box plots depicting ratios of CBC parameters vs LTE scores are depicted, stratified by sex. In the upper half of the figure, the
ratios calculated with red blood cell lineage parameters are depicted, and in the bottom, those calculated with white blood cell

parameters are depicted. *p < 0.05. NS, not significant.

traumatic events exclusively in females. We hypothesise
that haematopoietic imbalance could be an underlying ba-
sis for systemic changes, including those affecting the im-
mune response and inflammation. How these haematologi-
cal arms regulate each other in the context of mood disor-
ders remains to be elucidated, a question that we will pur-
sue by studying larger independent cohorts and implement-

ing a mathematical model of CBC variables, in combination
with molecular and cell biology studies.
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