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Abstract 

Studying the biology of suicidal behavior and developing blood-based biomarkers may help 

stratify individuals with suicidal behaviors into clinically relevant categories. Literature 

suggests that people diagnosed with mood disorders and suicidal behaviour show an increased 

neutrophil to lymphocyte ratio (NLR). In mood disorders, with or without childhood trauma 

and with or without suicidal behaviour, no study, to our knowledge, has precisely investigated 

the variability of NLR. Understanding the stability of a biological value is essential in the 

context of biomarker development. Our study provides a result on the influence of our 

variables on the NLR and also on the intrinsic properties of the ratio. Consequently, our 

objective was to analyze the differences in NLR between healthy subjects and patients 

diagnosed with mood disorder with suicidal behaviour or mood disorder without suicidal 

attempt. A prospective study was conducted on 97 healthy subjects, 63 patients with mood 

disorder without suicidal behaviour and 61 patients with mood disorder with suicidal 

behaviour (mean age [SD] = 44.2 [14.31]; 66.1% female). Participants were assessed four 

times over 30 weeks, where blood samples and clinical data were collected. After controlling 

for confounding factors such as smoking and medical history, we found that NLR stability 

was low but NLR was significantly associated with a history of suicide attempt (mixed linear 

model, F=4.044; p=0.018). We also observed a significant interaction between NLR values 

and childhood trauma (p=0.002). Furthermore, our results demonstrate that NLR is influenced 

by childhood trauma, including in controls (p=0.014). Finally, NLR expression differs 

between patients with and without suicidal behavior, but only in those without a history of 

childhood trauma (p=0.026). Despite its variability over time, our data suggest that NLR may 

be a promising biomarker for identifying individuals at high risk of suicidal behaviour among 

patients with mood disorders.   
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1. Introduction  

  

Suicide is the most dramatic complication for patients suffering from mood disorders, 

including major depressive disorder (MDD) and bipolar disorder (BD). To date, clinical 

assessment remains the gold standard for the diagnosis of mood disorders and to assess the 

risk of suicidal attempt (SA). However, clinical risk factors cannot be used to predict SA, only 

to assess the risks (Ryan & Oquendo, 2020). To improve diagnosis and early detection of risk, 

biomarkers could be valuable, for example to determine more precisely and at an earlier stage 

whether a patient is presenting a risk behaviour. The plausibility of biomarkers is an important 

key for their development (Belzeaux et al., 2018) and can lead to validating or exploring 

biological processes associated with phenotype.  

Recent research over the past two decades underscores the significant role of 

inflammation in the development of mood disorder and SA. Key inflammatory markers linked 

to depression include interleukin-6 (IL-6), C-Reactive Protein (CRP), and several other 

chemokines(Dowlati et al., 2010; Haapakoski et al., 2015). In addition, many studies have 

shown that the inflammatory profile of patients differs depending on whether they exhibit 

suicidal behaviour (Courtet et al., 2015; Neupane et al., 2023; O’Donovan et al., 2013; Saadat 

et al., 2024). Therefore, the search for biomarkers that can distinguish between these two 

patient populations and facilitate the identification of patients at risk of suicide seems 

possible. One promising biomarker for suicide risk is the neutrophil/lymphocyte ratio (NLR). 

Studies have shown that NLR levels are significantly higher in patients with suicidal 

depression than in patients with non-suicidal depression and healthy controls(Ekinci & 

Ekinci, 2017; Velasco et al., 2020). The NLR was historically developed to provide a suitable 

parameter to reflect the intensity of stress and/or systemic inflammation in critically ill 

patients(Zahorec, 2001). It was only in 2015 that authors looked at this parameter in the 

context of mood disorders. They showed that NLR tended to be higher in patients with MDD 

than in controls (Demir et al., 2015). This finding was subsequently replicated in other studies 

of depressive and bipolar disorders (Aydin Sunbul et al., 2016; Demircan et al., 2016; Giynas 

Ayhan et al., 2017; Kalelioglu et al., 2015; Mazza et al., 2018). Thus, NLR has significant 

advantages as it is an easily accessible, applicable, rapid and cost-effective method to monitor 

inflammation. Furthermore, it can provide earlier diagnostic information for depression and 

suicidality compared to other commonly used markers such as various leukocyte 

characteristics or interleukins (Daray et al., 2024; Ghafori et al., 2024). 

A recurring problem with biomarkers’s measurement is variability. Biomarker stability 

is crucial as it ensures that variations are due to the phenomena being measured rather than 

inherent biological, technical, or stochastic fluctuations. Many markers are notoriously 

unstable, and NLR stability in SA has never been explored. Previously, the NLR stability has 

been assessed in contexts such as cardiac surgery (Green et al., 2019), where patients were 

evaluated every 6 months over a 2-year period, and chronic obstructive pulmonary disease 

(Sakurai et al., 2018), with assessments conducted once a year for 3 years, revealing a 

disputable stability. To our knowledge, no previous studies have yet examined its stability 

over time in patients with psychiatric disorders or in healthy individuals.  

Additionally, the association between SA and higher NLR may also be influenced by 

other etiological factors. In mood disorders, most studies consider sex, age or the severity of 
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depression as a covariate (Ghafori et al., 2024; Martínez-Botía et al., 2020) and some studies 

considered childhood trauma (Martínez-Botía et al., 2020). It has been shown that emotional 

and physical neglect, as well as emotional, physical and sexual abuse, increase the 

vulnerability of adults to develop mood disorders (Daskalakis et al., 2013; Lippard & 

Nemeroff, 2023; Young et al., 1997) and SA (Ihme et al., 2022a; Olié et al., 2023). Childhood 

trauma is therefore a vulnerability factor for the development of mood disorders associated 

with suicidal behaviour. Furthermore, studies show that traumatic events in childhood have a 

significant impact on the inflammatory system (including NLR variations), with trajectories 

extending into adulthood (Baumeister et al., 2016; Schiweck et al., 2020). It is therefore 

relevant to ask whether the inflammatory profile of subjects is the same according to their 

history of childhood trauma and whether this also varies according to SA. There is evidence 

of an association between childhood trauma and NLR in anorexia nervosa (Bou Khalil et al., 

2022), but to our knowledge no study has directly linked childhood trauma and NLR in 

adulthood in a cohort of patients with mood disorders. It therefore seems highly relevant to 

investigate this association. 

 

In this study, we conducted a prospective analysis to investigate the variability of NLR in 

mood disorder patients and healthy subjects as a function of SA and childhood trauma 

phenotype. A 30-week longitudinal follow-up was performed at four time points to account 

for biomarker variability. We hypothesised that, despite some variability, the NLR would be 

higher in SA patients than in other mood disorder patients and healthy subjects. We also 

expected the NLR to be higher in people with a history of childhood trauma. We also 

expected that there would be a significant difference in NLR according to childhood trauma 

history, depending on the SA profile. 

 

 

2. Methods 

2.1. Study design and procedure  

We conducted a prospective multicentric study involving 8 departments of psychiatry in 6 

different French cities (Besançon, Clermont-Ferrand, Marseille, Montpellier, Nîmes, and 

Tours). The participants attended 4 evaluation visits during a 30-week period (T1, baseline; 

T2, 2 weeks; T3, 8 weeks; T4, 30 weeks) for blood sampling and clinical assessments. 

 

2.2.  Participants  

Participants in this study were recruited from the original study registered on 

ClinicalTrials.gov with ID: NCT02209142 and previously described (Consoloni et al., 2018). 

We exclude from the study 12 patients due to missing NLR for the four data points and 6 

patients for whom we had no information about suicidal attempts since this information are 

crucial for our data analysis or group definition. Consequently, 97 healthy subjects (HS) and 

124 adults diagnosed with a current mood depressive episode (MDE) were included, i.e. 

100% controls and 87% MDEs. Among the MDE patients, 61 had a history of suicidal 

behaviour (MDS+) and 63 did not (MDS-). Suicidal behaviour was defined as having 

attempted suicide at least once in a person’s lifetime. Patients were recently admitted to a 

psychiatric unit or referred to a psychiatrist for MDE. In this study, we are interested in the 
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specific link between NLR and major depressive disorder. We therefore chose to exclude all 

other psychiatric diagnoses in order to avoid biasing the results. Similarly, as the NLR is 

related to inflammation, we decided to exclude any other physiological conditions that could 

lead to inflammation and impact NLR levels. Consequently, exclusion criteria for both groups 

included a history of substance use disorder in the past 12 months, a diagnosis of 

schizophrenia, psychosis, or schizoaffective disorder (DSM-IV), a severe progressive medical 

disease, pregnancy, vaccination within a month before inclusion, and being under 18. Healthy 

controls were free of psychiatric symptoms and had no lifetime history of psychiatric 

disorders. Both patients with major depressive disorder and bipolar disorder were included in 

MDE group. All participants received a full explanation of the procedure and signed a written 

consent form before participation. This study received approval from the national ethics 

committee (CPP Sud Méditerranée II, Marseille, France, study registered under number 2011-

A00661-40). 

 

2.3. Clinical assessment 

Sociodemographic and clinical characteristics of all participants were collected. This included 

age, sex, BMI, regular tobacco use [yes/no], history of somatic disease [yes/no], and a family 

history of suicide or psychiatric disorders [yes/no]. Participants underwent a clinical 

evaluation using the Structured Clinical Interview for DSM-IV (SCID). The diagnosis of 

MDE was made by skilled psychiatrists based on the DSM-IV criteria for mood disorders, and 

the MDE severity was evaluated by the 17-item Hamilton Depression Rating Scale (HDRS) 

(Hamilton, 1960). Patients were included if they scored 19 or higher on the HDRS, and HS 

were included if they scored lower than 7. A family history included suicide or suicidal 

attempts among parents or siblings, as well as parental histories of psychiatric disease and 

mood disorders. Somatic diseases history included dysthyroidism, cancer, cardiovascular 

disease, neurological disorders, infectious diseases, and inflammatory diseases. Childhood 

trauma history was assessed using the Childhood Trauma Questionary (CTQ) (Paquette et al., 

2004), which includes emotional and physical abuse, emotional and physical neglect, and 

sexual abuse. Subjects were considered to have undergone childhood trauma if they obtained 

a moderate or severe score on at least one of the five dimensions of the CTQ. We controlled 

for subjects who presented false negatives on the questionnaire using items relating to CTQ 

denial. No subjects without trauma showed this bias. Healthy controls were evaluated by a 

trained psychologist or psychiatrist to exclude subjects with any history or current psychiatric 

disorder screened by the SCID (Kübler, 2013).   

 

2.4.  Biological assessment 

Fasting peripheral blood samples were collected from a cephalic vein between 8:00 and 9:00 

a.m. in EDTA tubes. Complete blood counts were performed using a Sysmex XN-10/XN-20 

Hematology Analyzer (Norderstedt, Germany). Complete blood counts included total white 

blood cells, neutrophils, lymphocytes, monocytes, and platelets. The NLR was determined by 

dividing the absolute number of neutrophils by the absolute number of lymphocytes.The 

neutrophil values considered in this study range from 0.93G/L to 10.1G/L and lymphocyte 

values from 0.79G/L to 4.57G/L. These values were obtained after exclusion of NLR data 
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from three MDD patients and four controls because lymphocyte and/or neutrophil counts 

were outside the laboratory's routine normal range. 

 

 

2.5. Data analyses 

All statistical analyses were performed with IBM SPSS Statistics version 23. We first tested 

the normal distribution of the NLR data, collected for each time point, with a shapiro-wilk 

test. Since the data did not follow a normal distribution, we transformed them into a 

logarithmic value (Log(10) NLR). Since the value was normally distributed after 

transformation, we performed parametric tests. We first looked at the reliability of the NLR 

across the four time-visits thanks to an intra-class correlation test (ICC). We only used 

subjects with complete data for the four visits: 86 healthy subject, 20 MDS-, 21 MDS+. We 

considered that we had a good reliability for an ICC score between 0.75 and 0.9 and a 

moderate reliability when the values were  between 0.5 and 0.75 (Koo & Li, 2016). Then, a 

Friedman test has been used to evaluate the intra-individual difference within groups. The 

same subjects as for the ICC were used for this analysis. We also analysed the 

sociodemographic and clinical characteristics for the three groups, HS (n=97), MDS- (n=63) 

and MDS+ (n=61). For continuous variables, student independent t-tests were used for values 

with a normal distribution whereas a Friedman test was used for non-parametric distribution. 

Likewise, we performed an ANOVA or non-parametric Kruskal-Wallis test depending on the 

distribution of the variable. Categorical variables were compared with Chi-square tests when 

the minimum number of occurrences of a category was five.  

We also performed multivariate analyses with several linear mixed models. We used 

linear mixed models in this study in order to analyse repeated measurements over several time 

periods. Therefore, NLR ratio is defined as a repeated effect, which means that the model 

takes into account changes in the ratio over time. The first linear mixed model was used to 

assess differences among HS, MDS- and MDS+ groups, over four periods, without 

considering confounding variables. Then another linear mixed model was performed 

correcting for tobacco, history of medical conditions and childhood trauma confounding 

variables. These variables were chosen because of their inflammatory potential and therefore 

their ability to impact NLR values. Finally, a final mixed linear model was employed to assess 

whether there are differences among healthy subjects or patient with mood disorder with or 

without trauma history and suicidal behaviour. The purpose of this interaction was to 

determine whether the effect of the different groups on the ratio depend on the presence or 

absence of trauma antecedent. P-value < 0.05, two sided, was considered statistically 

significant. 

 

 

3. Results 

3.1.Sociodemographic data 

The final sample included a total of 221 subjects, 97 HS, 63 MDE patients without suicidal 

behaviour (MDS-) and 61 MDE patients with suicidal behaviour (MDS+). We first tested 

main confounding variables that could impact NLR by influencing many biological 

parameters such as inflammation to be sure that they are equally distributed across our 
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different population of subjects. Consequently, there were no differences between groups for 

age (mean age [SD] = 43.83 (14.31) vs. 43.92 (15.33) and 45.05 (13.40); H=0.21, p=0.9) and 

sex (37.1% vs. 36.5% and 26.2%; χ2 =2.24, p=0.33). Similarly, Body Mass Index (BMI), 

which is known to influence inflammation in case of obesity, was not significantly different 

between the HS and both MDS group (+/-). We also tested variable as history of medical 

disorders and tobacco consumption that are known to be more represented in patients with 

mood disorder. HS had less history of medical disorders than all patients (χ2=15.511; p < 

0.001), whereas no difference has been founded between the two sub-groups of patients 

(χ2=3.203; p=0.074). The tobacco consumption was different between the three groups 

(χ2=10.992; p=0.004) but not between MDS (+/-) patients (χ2=1.831; p=0.176). Finaly, we 

explored more in detail parameters links with mood disorder diagnosis. Severity of the 

depression among MDS- and MDS+ differs at both T3 (t=-2.286; p=0.024) and T4 (t=-3.037; 

p=0.003) with higher values for MDS+ patient (i.e. more severe depressive symptoms). There 

were differences between patients’ groups for types of mood disorder with relative lower 

proportion of MDS+ in MDD vs BD (χ2=5.9; p=0.021). The percentage of people taking 

antidepressant treatment did not differ between MDS- and MDS+ at any time. All MDE 

patients (MDS+/MDS-) had more psychiatric family history than HS (χ2=18.684; p < 0.001), 

but there was no significant difference between MDS- and MDS+ for psychiatric family 

history (χ2=3.056; p=0.08). HS had less history of medical disorders than all patients 

(χ2=15.511; p < 0.001), whereas no difference has been founded between the two sub-groups 

of patients (χ2=3.203; p=0.074). The tobacco consumption was different between the three 

groups (χ2=10.992; p=0.004) but not between MDS (+/-) patients (χ2=1.831; p=0.176). Body 

Mass Index (BMI), which is known to influence many biologic parameters, was not 

significantly different between the HS and both MDS group (+/-). Finally, HS had 

significantly less childhood trauma than MDS (+/-) (χ2=35.174; p < 0.001) and MDS+ 

exhibited more childhood trauma than MDS- (χ2=4.329; p=0.037). All these results and other 

sociodemographic data are shown in Table 1.  

 

3.2.NLR stability 

The NLR stability among the three groups of subjects was tested with 86 HS, 20 MDS- and 

21 MDS+. The calculated intraclass correlation coefficients (ICC) were respectively 0.89, 

95% CI [0.84 - 0.92]; 0.93, 95% CI [0.86 – 0.97] and 0.54, 95% CI [0.1 – 0.79] (e.g., Table 

2). The ICC showed a lower reliability for the MDS+ group than the two other groups. The 

Friedman test, used to test the intra individual differences within groups, was significant in 

the three groups confounded (Q=19.06, p < 0.001) and in HS (Q=30.26, p < 0.001), but not in 

MDS- (Q=1.11, p=0.78) and MDS+ (Q=2.23, p=0.53) patients (e.g., Table 2), demonstrating 

a variability of the NLR over time.  

 

3.3. NLR, suicide attempt status and trauma  

To account for this variability over time, we conducted repeated measures analyses of NLR. 

We performed linear mixed models with three levels of correction by covariate adjustment. 

Model 0, without covariates, revealed a difference in NLR between the HS, MDS+, and 

MDS- groups (F=6.07, p=0.002). Post-hoc analysis with Bonferroni showed that MDS+ had a 

significantly higher NLR than HS (p=0.004), but not than MDS-, although there was a trend 
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(p=0.07). In model 1, which took into account medical history and smoking (two factors 

known to impact NLR), we found a difference between our groups (HS, MDS+ and MDS-) 

(F=5.42, p=0.005). Post-hoc comparison revealed that the difference was statistically 

significant only between HS and MDS+ (p=0.009) (e.g., Figure 1). We then added childhood 

trauma as a new factor and tested its interaction with the group factor. Our model, considering 

medical history, smoking, and childhood trauma, showed an effect of both the group (F=3.29, 

p=0.038) and the interaction between the group and trauma factors (F=6.24, p=0.002) (e.g., 

Table 3).  

We conducted exploratory comparisons between groups based on the presence or absence 

of childhood trauma. This resulted in six groups: HS without trauma, HS with trauma, MDS+ 

without trauma, MDS+ with trauma, MDS- with trauma, and MDS- without trauma (e.g., 

Figure 2). A linear mixed model analysis of the six groups was conducted, including smoking 

and medical history as covariates. We found a significant difference in NLR between the six 

groups (F=6.215; p<0.001). Post-hoc comparisons revealed first that HS without trauma had a 

significantly lower NLR than HS with trauma (p=0.014) and MDS+ without trauma 

(p=0.001). Second, MDS- without trauma had a significantly lower NLR than MDS+ without 

trauma (p=0.026). It should be noted that no other comparison between group demonstrate 

any significant differences or trends (all p-value>0.8).  

 

 

4. Discussion 

We investigated for the first time the stability of NLR across repeated measurements in 

patients with mood disorders, suicidal behaviour, and healthy controls. Repeated 

measurements of NLR revealed good reliability, except for the MDS+ group which had 

moderate reliability. NLR reliability has previously been explored in cardiovascular diseases, 

yielding similar results with an ICC of 0.70 for repeated measurements (Green et al., 2019). 

However, as indicated by the Friedman test, NLR values can vary over time in the same 

individual, even within normal ranges. These findings suggest that NLR variability should be 

considered in future studies, such as by taking multiple measurements over time to compare 

different groups. From a diagnosis and treatment monitoring perspective, the variability of the 

NLR is an important factor to consider. NLR variability reflects that values measured at 

different times for the same patient are not consistent, which could complicate its use as a 

diagnostic tool or to monitor a therapeutic effect. Establishing a single NLR threshold as the 

sole reference for diagnosis would be also challenging. For instance, incorporating other 

parameters, such as additional inflammatory markers, as well as include repeated measures, 

would likely enhance diagnostic accuracy and therapeutic relevance. Interestingly, this 

variability could also be leveraged as an advantage. The ICC test reveals greater NLR 

variability in MDS+ subjects, which may indicate physiological instability or heightened 

stress in this group. As an inflammatory marker, fluctuations in NLR could reflect irregular or 

exacerbated inflammatory responses, often linked to chronic stress and immune imbalances 

observed in severe depression with suicidal behavior. This variability could thus serve as an 

early warning for periods when patients might experience increased vulnerability to suicidal 

behavior, necessitating closer monitoring or rapid treatment adjustments. 
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Taking this intra-individual variability into account, we showed that SA was 

associated with higher NLR. These results are consistent with previous studies showing that 

the NLR is associated with SA in patients with MDD both in adults (Ekinci & Ekinci, 2017; 

Neupane et al., 2023; Velasco et al., 2020) and adolescents (Amitai et al., 2022), and both 

before and after treatment with selective serotonin reuptake inhibitors (Adhikari et al., 2018). 

These findings support the idea that an increase in NLR could be a potential biomarker for SA 

in mood disorders. However, few studies have taken potential confounding factors into 

account. Our analysis considered childhood trauma due to its potential influence on SA (Ihme 

et al., 2022b; Zatti et al., 2017). We revealed that both SA and childhood trauma are 

associated with elevated NLR values. Importantly, by isolating the childhood trauma factor, 

we observed that a history of suicide attempts independently contributed to increased NLR 

values. In parallel, we described, for the first time to our knowledge, that HS with childhood 

trauma demonstrated higher NLR values. This result is consistent with previous studies 

showing the influence of childhood trauma on inflammatory factors in adulthood (Baumeister 

et al., 2016). This supports the notion that both distal factors, such as trauma and proximal 

factors such as psychiatric disorder (e.g., MDD) can independently contribute to an increased 

risk of suicidality. The combined impact of these factors significantly heightens this risk 

(Götz & Stefanski, 2007a; Wilson et al., 2011). Supporting this, murine models studies had 

shown that prenatal or early life stress increase NLR (Götz & Stefanski, 2007b; Teicher et al., 

2016). In humans, a recent study show that trauma also influence NLR and revealed an 

interaction between childhood trauma, suicide attempts, and NLR (Martínez-Botía et al., 

2020). Our study replicates this interaction, taking into account the NLR variability across 

time. The cumulative evidence suggests NLR as a potential biomarker for SA, potentially 

heightened by childhood trauma. Thus, as a potential clinical application, NLR could help to 

identify individuals at high risk of SA in psychiatric disorders, particularly in patients with 

MDD who have previously undergone childhood trauma. Integrating NLR into existing 

assessments could contribute to earlier detection and risk monitoring based on objective, 

costless and easly measurable marker. 

Our results could be interpreted within the frame of stress as a psychological 

challenge, which reacts by increasing the sympathetic nervous system and the HPA system. 

The norepinephrine released by the sympathetic system influences immunity via MAPK 

proteins (Eyre & Baune, 2012). Indeed, the involvement of the MAPK pathway in mood 

disorders pathogenesis has long been suspected, with evidence supporting this link (Duman et 

al., 2007; Duric et al., 2010). It is also known that the MAPK pathway can regulate neutrophil 

apoptosis, in particular by prolonging its activity. For example, activation of the ERK 

pathway is known to inhibit neutrophil apoptosis, whereas p38 can either promote or inhibit 

apoptosis depending on the context (Larbi et al., 2005). The MAPK pathway is involved in 

regulating the release of pro-inflammatory cytokines by neutrophils by modulating their gene 

expression and affecting the translation machinery (Cloutier et al., 2007). Thus, there could be 

a link between the NLR and the MAPK pathway in individuals who have suffered early 

trauma and present suicidal behaviour in adulthood, via MAPK pathway functions on 

neutrophils. A link via the HPA axis could also be considered. The HPA axis releases 

glucocorticoids, which modulate inflammatory responses (Busillo et al., 2011; Sorrells et al., 

2009). Although glucocorticoids initially reduce inflammation, chronic stress shifts the 
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response towards a pro-inflammatory state (Strüber et al., 2014). This pro-inflammatory state 

will have consequences for the brain. Indeed, studies show that stress during sensitive periods 

of development leads to permanent changes in neuronal circuits, such as a reduction in 

dendritic arborisation (Liu et al., 2017; McEwen et al., 2016). Although dendrites can recover 

their shape after a period of transient stress, early adversity can lead to permanent grey matter 

loss (Andersen & Teicher, 2004, 2008). Interestingly, there is evidence of grey matter 

abnormalities in patients with major depressive disorder who have attempted suicide (Chen et 

al., 2024). Although no study has yet linked NLR to brain dysfunction in the psychiatric 

population, one study has shown that high levels of NLR are associated with white matter 

lesions in migraineurs (Morkavuk et al., 2020). Overall, stress appears to increase 

inflammation via microglia and astrocytes while compromising the blood-brain barrier, 

allowing peripheral cytokines to enter the brain (Menard et al., 2017). This infiltration 

perpetuates central inflammation, increasing the population of perivascular macrophages, a 

mechanism observed in post-mortem brains of suicide patients (Torres-Platas et al., 2014).  

Perivascular macrophages play a direct role in the activation of the hypothalamic-pituitary-

adrenal (HPA) axis following an immune challenge (Serrats et al., 2010). This phenomenon 

could therefore contribute to the chronic inflammation observed in trauma and suicidal 

patients. In summary, stress experienced in childhood, such as trauma, can trigger a peripheral 

inflammatory response. Over time, this response can affect the central nervous system, setting 

off a vicious circle involving the HPA axis. Cerebral inflammation at an early stage of 

development can cause lasting disruption to the nervous system, increasing vulnerability to 

the risk of suicide. This inflammatory cycle can persist throughout life, which explains why 

the presence of inflammatory markers such as NLR in adulthood is often associated with 

childhood trauma and an increased risk of suicide. 

 

Despite these encouraging results, further studies are needed to validate the role of NLR as a 

potential biomarker of suicidal attempt (SA). Currently, our study only allowed us to observe 

how NLR values vary among the previously defined groups. To explore the predictive nature 

of NLR, larger prospective studies would be necessary. It could be possible to observe NLR 

in depressed patients, isolate high values, and observe if over time these patients are more 

likely to make suicide attempt than patients with low NLR. Furthermore, due to the small 

number of recent SA and SA during the 30 follow-up visits, we were not able to analyse the 

effect of time since last SA as a potential confounding factor. In the same vain, several 

methods were used in patients with SA. Although more than 70% of SA was voluntary self-

poisoning, the heterogeneity of the drug does not allow to explore potential bias related to 

biological consequences of SA. However, we were confident that our 30-week prospective 

design with 4 time points would avoid major bias related to the nature and consequences of 

SA. In our cohort, the sample size was modest although sufficient to detect a significant 

effect. In addition, this study benefits from the rigor of its prospective design, with repeated 

measures. Moreover, patients were phenotyped by trained psychiatrists, which guarantees the 

accuracy of clinical diagnoses. Our study is also limited by missing data. It is worth noting 

that this was a prospective study over 4 visits, with a substantial gap (22 weeks) between the 

3rd and 4th visits. This time lapse was therefore subject to some loss of subjects (4/97 

controls lost, 59/124 patients lost). To ensure the reproducibility of our results, we carried out 
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strictly the same analyses, removing visit 4. We obtained a similar result (data not shown), 

which confirms the reliability of our results. As for the generalizability of the results, they 

must be interpreted with caution. The participants in this study were depressed patients treated 

as outpatients or in hospital, whereas the majority of depressed patients (about 75%) (INPES, 

Coll. Études Santé, 2009 : 208 p, n.d.) are treated in primary care by general practitioners. 

This difference may limit the representativeness of our sample. Finally, other inflammatory 

markers could be interesting to explore, and future studies should assess other biomarkers in 

combination with NLR.  

 

5. Conclusion  

In conclusion, our study shows for the first time how variable the NLR could be in patients 

with mood disorders with and without SA, suggesting that this variability should be taken in 

consideration in further studies. Also, we confirm that investigation of the NLR in suicidal 

behaviours should include a preliminary analysis of childhood trauma. Finally, it is tempting 

to attribute vulnerability biomarker properties to this ratio, even if further studies are needed 

before its clinical use. 
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Glossary  

- Neutrophil-to-Lymphocyte Ratio: The Neutrophil-to-Lymphocyte Ratio is a biomarker 

calculated by dividing the number of neutrophils by the number of lymphocytes in a blood 

sample. It is used as an indicator of systemic inflammation and has been associated with 

various medical conditions, including cardiovascular diseases, infections, and psychiatric 

disorders 

- Mood disorder: A mood disorder is a category of mental health conditions characterized by 

persistent disturbances in a person's emotional state or mood. Common mood disorders 

include major depressive disorder, bipolar disorder, and dysthymia, which can significantly 

impact daily functioning and quality of life. 

- Suicidal behaviour: Suicidal behaviour refers to actions or thoughts related to self-harm 

with the intention of ending one's life. This includes suicidal ideation, suicide attempts, and 

completed suicide. It is often associated with mental health conditions such as depression, 

anxiety, and mood disorders 

- Childhood trauma: Childhood trauma refers to distressing or harmful experiences during 

childhood, such as physical, emotional, or sexual abuse, neglect, or witnessing violence. 

These experiences can have long-lasting effects on a person's mental, emotional, and physical 

health, contributing to the development of various psychological conditions in later life. 

 

Abbreviations 

NLR: Neutrophil-to-Lymphocyte Ratio 

HS: healthy subjects 

MDD: Major depressive disorder 

MDE: Major depressive episode 

BD: bipolar disorder 
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ICC: intraclass correlation coefficient  

 

 

 

 

 

 

 

CRediT author statement 

M. Lion, M. Muller: statistical analysis, manuscript preparation 

A. Lefrere: statistical analysis and manuscript preparation 

E.C Ibrahim: design of the study, management of biological data 

P. Courtet: design of the study, patients’ evaluation  

W. El Hage: design of the study, patients’ evaluation 

A. Lengvenyte: statistical analysis and manuscript preparation 

R. Belzeaux: design of the study, patients’ evaluation, statistical analysis and manuscript 

preparation 

 

Declaration of interests  

All authors declare that they have no conflict of interest relative to this study. 

 

Role of the funding source  

Funding for this study was provided by a national hospital clinical research program (PHRC, 

No. 2010-19) as well as by the French Government (National Research Agency, ANR) 

through ANR GEBRA (ANR-19-CE37-0017). The funders had no further role in study 

design; in the collection, analysis and interpretation of data; in writing of the report; and in the 

decision to submit the paper for publication. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://anr.fr/Projet-ANR-19-CE37-0017


 14 

 

 

 

 

 

 

 

 

 

 

Références  

 

Adhikari, A., Dikshit, R., Karia, S., Sonavane, S., Shah, N., & De Sousa, A. (2018). 

Neutrophil-lymphocyte Ratio and C-reactive Protein Level in Patients with Major 

Depressive Disorder Before and After Pharmacotherapy. East Asian Archives of 

Psychiatry: Official Journal of the Hong Kong College of Psychiatrists = Dong Ya 

Jing Shen Ke Xue Zhi: Xianggang Jing Shen Ke Yi Xue Yuan Qi Kan, 28(2), 53–58. 

Amitai, M., Kaffman, S., Kroizer, E., Lebow, M., Magen, I., Benaroya-Milshtein, N., Fennig, 

S., Weizman, A., Apter, A., & Chen, A. (2022). Neutrophil to-lymphocyte and platelet-

to-lymphocyte ratios as biomarkers for suicidal behavior in children and adolescents 

with depression or anxiety treated with selective serotonin reuptake inhibitors. Brain, 

Behavior, and Immunity, 104, 31–38. https://doi.org/10.1016/j.bbi.2022.04.018 

Andersen, S. L., & Teicher, M. H. (2004). Delayed effects of early stress on hippocampal 

development. Neuropsychopharmacology: Official Publication of the American 

College of Neuropsychopharmacology, 29(11), 1988–1993. 

https://doi.org/10.1038/sj.npp.1300528 

Andersen, S. L., & Teicher, M. H. (2008). Stress, sensitive periods and maturational events in 

adolescent depression. Trends in Neurosciences, 31(4), 183–191. 

https://doi.org/10.1016/j.tins.2008.01.004 

Aydin Sunbul, E., Sunbul, M., Yanartas, O., Cengiz, F., Bozbay, M., Sari, I., & Gulec, H. 

(2016). Increased Neutrophil/Lymphocyte Ratio in Patients with Depression is 

Correlated with the Severity of Depression and Cardiovascular Risk Factors. 

Psychiatry Investigation, 13(1), 121–126. https://doi.org/10.4306/pi.2016.13.1.121 

Baumeister, D., Akhtar, R., Ciufolini, S., Pariante, C. M., & Mondelli, V. (2016). Childhood 

trauma and adulthood inflammation: A meta-analysis of peripheral C-reactive 

protein, interleukin-6 and tumour necrosis factor-α. Molecular Psychiatry, 21(5), 

642–649. https://doi.org/10.1038/mp.2015.67 

Belzeaux, R., Lin, R., Ju, C., Chay, M.-A., Fiori, L. M., Lutz, P.-E., & Turecki, G. (2018). 

Transcriptomic and epigenomic biomarkers of antidepressant response. Journal of 

Affective Disorders, 233, 36–44. https://doi.org/10.1016/j.jad.2017.08.087 

Bou Khalil, R., Risch, N., Sleilaty, G., Richa, S., Seneque, M., Lefebvre, P., Sultan, A., 

Avignon, A., Maimoun, L., Renard, E., Courtet, P., & Guillaume, S. (2022). 

Neutrophil-to-lymphocyte ratio (NLR) variations in relationship with childhood 

maltreatment in patients with anorexia nervosa: A retrospective cohort study. Eating 



 15 

and Weight Disorders: EWD, 27(6), 2201–2212. https://doi.org/10.1007/s40519-022-

01372-z 

Busillo, J. M., Azzam, K. M., & Cidlowski, J. A. (2011). Glucocorticoids sensitize the innate 

immune system through regulation of the NLRP3 inflammasome. The Journal of 

Biological Chemistry, 286(44), 38703–38713. 

https://doi.org/10.1074/jbc.M111.275370 

Chan Chee C., Beck F., Sapinho D., Guilbert Ph. (Sous la dir.) La dépression en France. 

Saint‑ Denis: INPES, coll. Études santé, 2009: 208 p. (n.d.). 

Chen, Z., Xu, T., Li, Q., Shu, Y., Zhou, X., Guo, T., & Liang, F. (2024). Grey matter 

abnormalities in major depressive disorder patients with suicide attempts: A 

systematic review of age-specific differences. Heliyon, 10(3), e24894. 

https://doi.org/10.1016/j.heliyon.2024.e24894 

Cloutier, A., Ear, T., Blais-Charron, E., Dubois, C. M., & McDonald, P. P. (2007). 

Differential involvement of NF-kappaB and MAP kinase pathways in the generation of 

inflammatory cytokines by human neutrophils. Journal of Leukocyte Biology, 81(2), 

567–577. https://doi.org/10.1189/jlb.0806536 

Consoloni, J.-L., Ibrahim, E. C., Lefebvre, M.-N., Zendjidjian, X., Olié, E., Mazzola-Pomietto, 

P., Desmidt, T., Samalin, L., Llorca, P.-M., Abbar, M., Lopez-Castroman, J., Haffen, 

E., Baumstarck, K., Naudin, J., Azorin, J.-M., El-Hage, W., Courtet, P., & Belzeaux, 

R. (2018). Serotonin transporter gene expression predicts the worsening of suicidal 

ideation and suicide attempts along a long-term follow-up of a Major Depressive 

Episode. European Neuropsychopharmacology: The Journal of the European College 

of Neuropsychopharmacology, 28(3), 401–414. 

https://doi.org/10.1016/j.euroneuro.2017.12.015 

Courtet, P., Jaussent, I., Genty, C., Dupuy, A. M., Guillaume, S., Ducasse, D., & Olié, E. 

(2015). Increased CRP levels may be a trait marker of suicidal attempt. European 

Neuropsychopharmacology: The Journal of the European College of 

Neuropsychopharmacology, 25(10), 1824–1831. 

https://doi.org/10.1016/j.euroneuro.2015.05.003 

Daray, F. M., Chiapella, L. C., Grendas, L. N., Casiani, R. I. Á., Olaviaga, A., Robetto, J., 

Prokopez, C. R., Carrera Silva, E. A., Errasti, A. E., & Neupane, S. P. (2024). 

Peripheral blood cellular immunophenotype in suicidal ideation, suicide attempt, and 

suicide: A systematic review and meta-analysis. Molecular Psychiatry. 

https://doi.org/10.1038/s41380-024-02587-5 

Daskalakis, N. P., Bagot, R. C., Parker, K. J., Vinkers, C. H., & de Kloet, E. R. (2013). The 

three-hit concept of vulnerability and resilience: Toward understanding adaptation to 

early-life adversity outcome. Psychoneuroendocrinology, 38(9), 1858–1873. 

https://doi.org/10.1016/j.psyneuen.2013.06.008 

Demir, S., Atli, A., Bulut, M., İbiloğlu, A. O., Güneş, M., Kaya, M. C., Demirpençe, Ö., & Sır, 

A. (2015). Neutrophil–lymphocyte ratio in patients with major depressive disorder 

undergoing no pharmacological therapy. Neuropsychiatric Disease and Treatment, 

11, 2253–2258. https://doi.org/10.2147/NDT.S89470 

Demircan, F., Gözel, N., Kılınç, F., Ulu, R., & Atmaca, M. (2016). The Impact of Red Blood 

Cell Distribution Width and Neutrophil/Lymphocyte Ratio on the Diagnosis of Major 



 16 

Depressive Disorder. Neurology and Therapy, 5(1), 27–33. 

https://doi.org/10.1007/s40120-015-0039-8 

Dowlati, Y., Herrmann, N., Swardfager, W., Liu, H., Sham, L., Reim, E. K., & Lanctôt, K. L. 

(2010). A meta-analysis of cytokines in major depression. Biological Psychiatry, 

67(5), 446–457. https://doi.org/10.1016/j.biopsych.2009.09.033 

Duman, C. H., Schlesinger, L., Kodama, M., Russell, D. S., & Duman, R. S. (2007). A role for 

MAP kinase signaling in behavioral models of depression and antidepressant 

treatment. Biological Psychiatry, 61(5), 661–670. 

https://doi.org/10.1016/j.biopsych.2006.05.047 

Duric, V., Banasr, M., Licznerski, P., Schmidt, H. D., Stockmeier, C. A., Simen, A. A., Newton, 

S. S., & Duman, R. S. (2010). A negative regulator of MAP kinase causes depressive 

behavior. Nature Medicine, 16(11), 1328–1332. https://doi.org/10.1038/nm.2219 

Ekinci, O., & Ekinci, A. (2017). The connections among suicidal behavior, lipid profile and 

low-grade inflammation in patients with major depressive disorder: A specific 

relationship with the neutrophil-to-lymphocyte ratio. Nordic Journal of Psychiatry, 

71(8), 574–580. https://doi.org/10.1080/08039488.2017.1363285 

Eyre, H., & Baune, B. T. (2012). Neuroplastic changes in depression: A role for the immune 

system. Psychoneuroendocrinology, 37(9), 1397–1416. 

https://doi.org/10.1016/j.psyneuen.2012.03.019 

Ghafori, S. S., Yousefi, Z., Bakhtiari, E., Mohammadi Mahdiabadi Hasani, M. H., & 

Hassanzadeh, G. (2024). Neutrophil-to-lymphocyte ratio as a predictive biomarker for 

early diagnosis of depression: A narrative review. Brain, Behavior, & Immunity - 

Health, 36, 100734. https://doi.org/10.1016/j.bbih.2024.100734 

Giynas Ayhan, M., Cicek, I. E., Inanli, I., Caliskan, A. M., Kirci Ercan, S., & Eren, I. (2017). 

Neutrophil/lymphocyte and platelet/lymphocyte ratios in all mood states of bipolar 

disorder. Psychiatry and Clinical Psychopharmacology, 27(3), 278–282. 

https://doi.org/10.1080/24750573.2017.1338822 

Götz, A. A., & Stefanski, V. (2007a). Psychosocial maternal stress during pregnancy affects 

serum corticosterone, blood immune parameters and anxiety behaviour in adult male 

rat offspring. Physiology & Behavior, 90(1), 108–115. 

https://doi.org/10.1016/j.physbeh.2006.09.014 

Götz, A. A., & Stefanski, V. (2007b). Psychosocial maternal stress during pregnancy affects 

serum corticosterone, blood immune parameters and anxiety behaviour in adult male 

rat offspring. Physiology & Behavior, 90(1), 108–115. 

https://doi.org/10.1016/j.physbeh.2006.09.014 

Green, J., Bin Mahmood, S. U., Mori, M., Yousef, S., Mangi, A. A., & Geirsson, A. (2019). 

Stability across time of the neutrophil-lymphocyte and lymphocyte-neutrophil ratios 

and associations with outcomes in cardiac surgery patients. Journal of 

Cardiothoracic Surgery, 14(1), 164. https://doi.org/10.1186/s13019-019-0988-6 

Haapakoski, R., Mathieu, J., Ebmeier, K. P., Alenius, H., & Kivimäki, M. (2015). Cumulative 

meta-analysis of interleukins 6 and 1β, tumour necrosis factor α and C-reactive 

protein in patients with major depressive disorder. Brain, Behavior, and Immunity, 49, 

206–215. https://doi.org/10.1016/j.bbi.2015.06.001 

Hamilton, M. (1960). A RATING SCALE FOR DEPRESSION. Journal of Neurology, 



 17 

Neurosurgery, and Psychiatry, 23(1), 56–62. 

Ihme, H., Olié, E., Courtet, P., El-Hage, W., Zendjidjian, X., Mazzola-Pomietto, P., 

Consoloni, J.-L., Deruelle, C., & Belzeaux, R. (2022a). Childhood trauma increases 

vulnerability to attempt suicide in adulthood through avoidant attachment. 

Comprehensive Psychiatry, 117, 152333. 

https://doi.org/10.1016/j.comppsych.2022.152333 

Ihme, H., Olié, E., Courtet, P., El-Hage, W., Zendjidjian, X., Mazzola-Pomietto, P., 

Consoloni, J.-L., Deruelle, C., & Belzeaux, R. (2022b). Childhood trauma increases 

vulnerability to attempt suicide in adulthood through avoidant attachment. 

Comprehensive Psychiatry, 117, 152333. 

https://doi.org/10.1016/j.comppsych.2022.152333 

Kalelioglu, T., Akkus, M., Karamustafalioglu, N., Genc, A., Genc, E. S., Cansiz, A., & Emul, 

M. (2015). Neutrophil-lymphocyte and platelet-lymphocyte ratios as inflammation 

markers for bipolar disorder. Psychiatry Research, 228(3), 925–927. 

https://doi.org/10.1016/j.psychres.2015.05.110 

Koo, T. K., & Li, M. Y. (2016). A Guideline of Selecting and Reporting Intraclass Correlation 

Coefficients for Reliability Research. Journal of Chiropractic Medicine, 15(2), 155–

163. https://doi.org/10.1016/j.jcm.2016.02.012 

Kübler, U. (2013). Structured Clinical Interview for DSM-IV (SCID). In M. D. Gellman & J. 

R. Turner (Eds.), Encyclopedia of Behavioral Medicine (pp. 1919–1920). Springer 

New York. https://doi.org/10.1007/978-1-4419-1005-9_66 

Larbi, A., Douziech, N., Fortin, C., Linteau, A., Dupuis, G., & Fulop, T. (2005). The role of 

the MAPK pathway alterations in GM-CSF modulated human neutrophil apoptosis 

with aging. Immunity & Ageing: I & A, 2(1), 6. https://doi.org/10.1186/1742-4933-2-6 

Lippard, E. T. C., & Nemeroff, C. B. (2023). The Devastating Clinical Consequences of Child 

Abuse and Neglect: Increased Disease Vulnerability and Poor Treatment Response in 

Mood Disorders. The American Journal of Psychiatry, 180(8), 548–564. 

https://doi.org/10.1176/appi.ajp.19010020 

Liu, Y.-Z., Wang, Y.-X., & Jiang, C.-L. (2017). Inflammation: The Common Pathway of 

Stress-Related Diseases. Frontiers in Human Neuroscience, 11, 316. 

https://doi.org/10.3389/fnhum.2017.00316 

Martínez-Botía, P., Velasco, A., Rolle, V., Jiménez-Trevino, L., De la Fuente-Tomás, L., 

Bernardo, Á., Arias, T., Muñoz-Turrillas, M. D. C., García-Alvarez, L., González-

Blanco, L., Rodríguez-Revuelta, J., Garcia-Portilla, M. P., Courtet, P., Bobes, J., 

Gutiérrez, L., & Sáiz, P. A. (2020). Sex-dependent grades of haematopoietic 

modulation in patients with major depressive episodes are associated with suicide 

attempts. European Neuropsychopharmacology: The Journal of the European College 

of Neuropsychopharmacology, 40, 17–30. 

https://doi.org/10.1016/j.euroneuro.2020.06.006 

Mazza, M. G., Lucchi, S., Tringali, A. G. M., Rossetti, A., Botti, E. R., & Clerici, M. (2018). 

Neutrophil/lymphocyte ratio and platelet/lymphocyte ratio in mood disorders: A meta-

analysis. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 84, 

229–236. https://doi.org/10.1016/j.pnpbp.2018.03.012 

McEwen, B. S., Nasca, C., & Gray, J. D. (2016). Stress Effects on Neuronal Structure: 



 18 

Hippocampus, Amygdala, and Prefrontal Cortex. Neuropsychopharmacology, 41(1), 

Article 1. https://doi.org/10.1038/npp.2015.171 

Menard, C., Pfau, M. L., Hodes, G. E., Kana, V., Wang, V. X., Bouchard, S., Takahashi, A., 

Flanigan, M. E., Aleyasin, H., LeClair, K. B., Janssen, W. G., Labonté, B., Parise, E. 

M., Lorsch, Z. S., Golden, S. A., Heshmati, M., Tamminga, C., Turecki, G., Campbell, 

M., … Russo, S. J. (2017). Social stress induces neurovascular pathology promoting 

depression. Nature Neuroscience, 20(12), 1752–1760. https://doi.org/10.1038/s41593-

017-0010-3 

Morkavuk, G., Akkaya, E., Koc, G., Atac, G. K., & Leventoglu, A. (2020). Relationship 

between White Matter Lesions and Neutrophil–Lymphocyte Ratio in Migraine 

Patients. Neurological Sciences and Neurophysiology, 37(3), 129–133. 

https://doi.org/10.4103/NSN.NSN_33_20 

Neupane, S. P., Daray, F. M., Ballard, E. D., Galfalvy, H., Itzhaky, L., Segev, A., Shelef, A., 

Tene, O., Rizk, M. M., Mann, J. J., & Zalsman, G. (2023). Immune-related biomarkers 

and suicidal behaviors: A meta-analysis. European Neuropsychopharmacology: The 

Journal of the European College of Neuropsychopharmacology, 75, 15–30. 

https://doi.org/10.1016/j.euroneuro.2023.05.009 

O’Donovan, A., Rush, G., Hoatam, G., Hughes, B. M., McCrohan, A., Kelleher, C., 

O’Farrelly, C., & Malone, K. M. (2013). Suicidal ideation is associated with elevated 

inflammation in patients with major depressive disorder. Depression and Anxiety, 

30(4), 307–314. https://doi.org/10.1002/da.22087 

Olié, E., Le Bars, E., Deverdun, J., Oppenheim, C., Courtet, P., & Cachia, A. (2023). The 

effect of early trauma on suicidal vulnerability depends on fronto-insular sulcation. 

Cerebral Cortex (New York, N.Y.: 1991), 33(3), 823–830. 

https://doi.org/10.1093/cercor/bhac104 

Paquette, D., Laporte, L., Bigras, M., & Zoccolillo, M. (2004). [Validation of the French 

version of the CTQ and prevalence of the history of maltreatment]. Sante Mentale Au 

Quebec, 29(1), 201–220. https://doi.org/10.7202/008831ar 

Ryan, E. P., & Oquendo, M. A. (2020). Suicide Risk Assessment and Prevention: Challenges 

and Opportunities. Focus (American Psychiatric Publishing), 18(2), 88–99. 

https://doi.org/10.1176/appi.focus.20200011 

Saadat, S. H., Javanbakht, M., & Shahyad, S. (2024). Brain-derived neurotrophic factor and 

C-reactive protein (CRP) biomarkers in suicide attempter and non-attempter major 

depression disorder (MDD) patients. Annals of General Psychiatry, 23(1), 27. 

https://doi.org/10.1186/s12991-024-00511-3 

Sakurai, K., Chubachi, S., Irie, H., Tsutsumi, A., Kameyama, N., Kamatani, T., Koh, H., 

Terashima, T., Nakamura, H., Asano, K., & Betsuyaku, T. (2018). Clinical utility of 

blood neutrophil-lymphocyte ratio in Japanese COPD patients. BMC Pulmonary 

Medicine, 18(1), 65. https://doi.org/10.1186/s12890-018-0639-z 

Schiweck, C., Claes, S., Van Oudenhove, L., Lafit, G., Vaessen, T., de Beeck, G. O., 

Berghmans, R., Wijkhuijs, A., Müller, N., Arolt, V., Drexhage, H., & Vrieze, E. (2020). 

Childhood trauma, suicide risk and inflammatory phenotypes of depression: Insights 

from monocyte gene expression. Translational Psychiatry, 10(1), 296. 

https://doi.org/10.1038/s41398-020-00979-z 



 19 

Serrats, J., Schiltz, J. C., García-Bueno, B., van Rooijen, N., Reyes, T. M., & Sawchenko, P. 

E. (2010). Dual roles for perivascular macrophages in immune-to-brain signaling. 

Neuron, 65(1), 94–106. https://doi.org/10.1016/j.neuron.2009.11.032 

Sorrells, S. F., Caso, J. R., Munhoz, C. D., & Sapolsky, R. M. (2009). The stressed CNS: 

When glucocorticoids aggravate inflammation. Neuron, 64(1), 33–39. 

https://doi.org/10.1016/j.neuron.2009.09.032 

Strüber, N., Strüber, D., & Roth, G. (2014). Impact of early adversity on glucocorticoid 

regulation and later mental disorders. Neuroscience and Biobehavioral Reviews, 38, 

17–37. https://doi.org/10.1016/j.neubiorev.2013.10.015 

Teicher, M. H., Samson, J. A., Anderson, C. M., & Ohashi, K. (2016). The effects of childhood 

maltreatment on brain structure, function and connectivity. Nature Reviews. 

Neuroscience, 17(10), 652–666. https://doi.org/10.1038/nrn.2016.111 

Torres-Platas, S. G., Cruceanu, C., Chen, G. G., Turecki, G., & Mechawar, N. (2014). 

Evidence for increased microglial priming and macrophage recruitment in the dorsal 

anterior cingulate white matter of depressed suicides. Brain, Behavior, and Immunity, 

42, 50–59. https://doi.org/10.1016/j.bbi.2014.05.007 

Velasco, Á., Rodríguez-Revuelta, J., Olié, E., Abad, I., Fernández-Peláez, A., Cazals, A., 

Guillaume, S., de la Fuente-Tomás, L., Jiménez-Treviño, L., Gutiérrez, L., García-

Portilla, P., Bobes, J., Courtet, P., & Sáiz, P. A. (2020). Neutrophil-to-lymphocyte 

ratio: A potential new peripheral biomarker of suicidal behavior. European 

Psychiatry: The Journal of the Association of European Psychiatrists, 63(1), e14. 

https://doi.org/10.1192/j.eurpsy.2019.20 

Wilson, K. R., Hansen, D. J., & Li, M. (2011). The traumatic stress response in child 

maltreatment and resultant neuropsychological effects. Aggression and Violent 

Behavior, 16(2), 87–97. https://doi.org/10.1016/j.avb.2010.12.007 

Young, E. A., Abelson, J. L., Curtis, G. C., & Nesse, R. M. (1997). Childhood adversity and 

vulnerability to mood and anxiety disorders. Depression and Anxiety, 5(2), 66–72. 

Zahorec, R. (2001). Ratio of neutrophil to lymphocyte counts—Rapid and simple parameter of 

systemic inflammation and stress in critically ill. Bratislavske Lekarske Listy, 102(1), 

5–14. 

Zatti, C., Rosa, V., Barros, A., Valdivia, L., Calegaro, V. C., Freitas, L. H., Ceresér, K. M. M., 

Rocha, N. S. da, Bastos, A. G., & Schuch, F. B. (2017). Childhood trauma and suicide 

attempt: A meta-analysis of longitudinal studies from the last decade. Psychiatry 

Research, 256, 353–358. https://doi.org/10.1016/j.psychres.2017.06.082 

 

 

 

 

 

 

 

 

 



 20 

 

 

 

 

 

 

 

 
Healthy 

subjects 

n = 97 

Patients with Mood 

Disorder without 

suicidal behaviour 

n = 63 

Patients with 

mood Disorder 

with suicidal 

behaviour 

n = 61 

χ² / Student’s t-

test / Kruskal-

Wallis test 
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Table 1: Socio-demographic and clinical characteristics of: Healthy subject (n=97), Mood 

disorder without suicidal behaviour patients (n=63) and Mood Disorder with suicidal 

behaviour patients (n=61). For continuous variables, Student independent t-tests or non-

parametric Kruskal-Wallis tests were used depending on the distribution of the variable while 

categorical variables were compared with Chi-Square tests. Statistically significant results are 

presented in bold. Abbreviations: QIDS-SR-16 (Quick Inventory of Depressive 

Sociodemographic data 

Sex (n [ % ] )    2.24 (χ²) 0.327 

Males 36 (37.1%) 23 (36.5%) 16 (26.2%)   

Females 61 (62.9%) 40 (63.5%) 45 (73.8%)   

Age (mean [SD]) 
43.83 

(14.31) 
43.92 (15.33) 45.05 (13.4) 0.21 (KW) 0.901 

      

Clinical data 

Mood disorder n (%)    5.9 (χ²) 0.021 

Bipolar disorder - 14 (22.2%) 26 (42.6%)   

Major depressive disorder - 49 (77.8%) 35 (57.4%)   

Severity of depression: 

QIDS(mean [SD]) 
     

Severity t1 - 17.19 (4.59) 18.75 (4.6) -1.85 (t) 0.067 

Severity t2 - 12.47 (5.9) 14.22 (5.76) -1.643 (t) 0.103 

Severity t3 - 10.56 (5.6) 13.1 (5.93) -2.286 (t) 0.024 

Severity t4 - 7.92 (4.59) 12.41 (6.16) -3.037 (t) 0.003 

Number of Suicidal Attempts 

(mean [SD]) 
- 0 (0) 2.52 (2.19)   

Antidepressant treatment t1 - 43 (68.3%) 50 (82%) 3.11 (χ²) 0.078 

Antidepressant treatment t2 - 51 (80%) 46 (75.4%) 0.58 (χ²) 0.444 

Antidepressant treatment t3 - 45 (71.4%) 39 (63.9%) 0.09 (χ²) 0.765 

Antidepressant treatment t4 - 38 (60.3%) 40 (65.5%) 2.38 (χ²) 0.123 

BMI (mean [SD]) 23.83 (3.78) 24.66 (4.45) 25.33 (5.63) 2.70 (KW) 0.259 

Tobacco: current use 

(n [ % ] ) ( 3 groups ) 
23 (23.7%) 23 (36.7%) 30 (49.2%) 10.99 (χ²) 0.004 

Tobacco: current use 

(n [ % ] ) (2 groups) 
- 23 (36.7%) 30 (49.2%) 1.83 (χ²) 0.176 

Medical disease history (3 

groups) 
24 (24.7%) 25 (39.7%) 34 (55.7%) 15.511 (χ²) < 0.001 

Medical disease history  (2 

groups) 
- 25 (39.7%) 34 (55.7%) 3.203 (χ²) 0.074 

History of childhood trauma 

(3 groups) 
16 (16.5) 22 (34.9%) 28 (45.9%) 35.174 (χ²) < 0.001 

History of childhood trauma 

(2 groups) 
- 22 (34.9%) 28 (45.9%) 4.329 (χ²) 0.037 

Total family psychiatric 

history (3 groups) 
30 (30.9%) 31 (49.2%) 40 (65.6%) 18.684 (χ²) < 0.001 

Total family psychiatric history 

(2 groups) 
- 31 (49.2%) 40 (65.6%) 3.056 (χ²) 0.08 

NLR values      

T1 mean (SD) 1.98 (0.88) 1,8 (0.26) 1.99 (0.24) 0.007 (KW) 0.997 

T2 mean (SD) 1.65 (0.8) 1.71 (0.27) 1.9 (0.12) 2.176 (KW) 0.337 

T3 mean (SD) 1.71 (0.78) 1.94 (0.36) 2.09 (0.21) 3.642 (KW) 0.162 

T4 mean (SD) 1,64 (0.66) 2 (0.23) 2.37 (0.33) 12.34 (KW) 0.002 
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Symptomatology 16 items Self-Report). T1 represents inclusion, T2 the second visit 2 weeks 

later, T3 the third visit 8 weeks later and T4 the last visit 30 weeks later. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Intraclass 

correlation 

(ICC) 

Confidence 

interval of 

95% 

p-value 
Friedman 

Test 
p-value 

Healthy subject (HS) 0.66 [0.57 - 0.74]  30.26 < 0.001 
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n = 86 >0.0001 

Mood Disorder without suicidal 

behaviour (MDS-) 

n = 20 

0.77 [0.61 – 0.89] >0.0001 1.11 0.776 

Mood Disorder with suicidal 

behaviour (MDS+) 

n = 21 

0.22 [0.03 – 0.49] 0.011 2.23 0.526 

Three group confounded 0.6 [0.52 – 0.68] >0.0001 19.06 < 0.001 

 

Table 2: Stability of the Neutrophile Lymphocyte Ratio (NLR) across the 4 times. Stability 

among the healthy subject (HS) and subjects with Mood Disorder with or without Suicidal 

behaviour (MDS+; MDS-) have been tested with intraclass correlation coefficient ICC and 

Friedman test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Model 0 Model 1 Model 2 

F p-value F p-value F p-value 

Group 6.07 0.002 5.42 0.005 3.29 0.038 
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Table 3: Mixed linear model with group as principal factors and without covariable (Model 

0). Mixed linear model with group as principal factors but corrected with tobacco and medical 

disease history as covariates (Model 1). Mixed linear model with group and childhood trauma 

as principal factors and corrected with tobacco and medical disease antecedent as covariates 

(Model 2). Interaction between childhood trauma and group have also been tested for Model 

2. 

 

 

 

 

 

 

 

 

 

Tobacco - - 4.59 0.032 7.44 0.007 

Medical disease 

history 
- - 5.35 0.021 5.92 0.015 

Trauma - - - - 1.88 0.170 

Trauma*Group - - - - 6.24 0.002 


