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Background and Hypothesis:  A pro-inflammatory pheno-
type has been related to psychotic disorders. The neutrophil-
lymphocyte ratio (NLR) is an accessible biomarker that 
could be helpful to characterize this systemic inflammation 
state.  Study Design:  This study evaluated the NLR in a co-
hort of 310 subjects with a first episode of psychosis (FEP) 
and a matched group of 215 healthy controls, recruited in 
16 Spanish centers participating in the PEPs Project. We 
investigated the NLR measures over 2 years in a prospec-
tive, naturalistic study.  Study Results:  At baseline, the 
FEP group showed a significant higher mean NLR com-
pared to the control group (1.96 ± 1.11 vs 1.72 ± 0.74, P 
= 0.03). These ratio differences between groups grew at the 
24 months follow-up visit (2.04 ± 0.86 vs 1.65 ± 0.65, P < 
0.001). Within the FEP group, there were no significant dif-
ferences in NLR across the follow-up visits, between genders 

or diagnosis groups (affective vs nonaffective). NLR values 
did not correlate with the Positive and Negative Symptoms 
Scale scores. The group of patients who did not reach re-
mission criteria at the end of the study showed a significant 
higher NLR than those who remitted (2.1896  ±  0.85 vs 
1.95 ± 0.87, P = 0.042). A significant correlation between 
antipsychotic doses and NLR was found at the two-years 
follow-up visit (r=0.461, P < 0.001).  Conclusions:  Our re-
sults highlight the existence of an underlying predisposition 
of FEP patients to present an increased mean NLR. The 
use of NLR in clinical practice could be helpful to identify 
this inflammatory imbalance. 

Key words: antipsychotics/first episode/inflammation/ 
neutrophil to lymphocyte ratio/NLR/psychosis/schizoph
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Introduction

Psychotic disorders are among the most disabling mental 
disorders.1 A first episode of psychosis (FEP) is charac-
terized by the presence of positive symptoms (delusions, 
hallucinations, and bizarre behavior), usually accom-
panied by negative (apathy and alogia), affective and cog-
nitive symptoms. Around 3% of the general population 
suffers a psychotic episode during their life, generally ap-
pearing in adolescence or early adulthood.2

The underlying pathophysiology of the FEP remains 
unclear, being considered multifactorial and based on ge-
netic and environmental interaction.1,3 In the last decade, 
several processes involving inflammatory pathways and 
consequent oxidative/nitrosative stress have been linked 
to schizophrenia and related psychotic disorders, sug-
gesting both peripheral and central pro-inflammatory 
state.4,5 Scientific evidence supporting the hypothesis 
that inflammatory changes may play an important role 
in psychotic disorders has mostly been described in the 
chronic stage of the disorder.4 New data are supporting 
that low-grade proinflammatory changes may already be 
present from early phases.6–8 Thus, it has been reported 
that, compared to healthy controls, patients with a FEP 
have a pro-inflammatory imbalance (ie, higher levels of 
homocysteine, interleukin-6, and tumoral necrosis factor 
alpha), and a reduced antioxidant capacity (ie, lower 
levels of docosahexaenoic acid (DHA).8

Neutrophil to lymphocyte ratio (NLR) has been iden-
tified as a marker of systemic inflammation in a vast 
spectrum of diseases, especially in different cancers, 
since it is associated with an increase in cytokines and 
C-reactive protein (CRP).9 The use of NLR is inter-
esting at the clinical practice since it is an inexpensive, 
easy to use marker of disease, calculated from the com-
plete blood count dividing the number of neutrophils by 
the number of lymphocytes. In mental disorders, a recent 
study has proposed that NLR could be a predictor for bi-
polar depression.10 Another recent study has showed that 
high NLR upon admission is associated with a better re-
sponse in psychotic depression.11 A systematic review and 
metanalysis showed increased NLR both in FEP and in 
multi-episodic schizophrenia, but it is not entirely clear 
whether this is a characteristic of the disease itself  or 
whether treatment or metabolic changes could influence 
this value.12 Another metanalysis has reported that in 
FEP compared with controls, neutrophils and monocytes 
were significantly increased.13

In this vein, the study of the population with a FEP 
is of great interest since it mitigates the effect of con-
founding variables. Cohort studies are crucial to identify 
biomarkers and predictors of outcome in this popula-
tion.14,15 Our group has previously reported that isolated 
neutrophil count is associated with reduced gray matter 
and enlarged ventricles in FEP.16 The aim of the present 
study is to analyze the NLR differences between a 

well-characterized group of patients with a FEP and a 
control group during a two-year follow-up.

Subjects and Methods

Subjects

From April 2009 to April 2012, 16 Spanish centers par-
ticipated in PEPs project (“Phenotype-genotype and envi-
ronmental interaction. Application of a predictive model 
in first psychotic episodes”).15,17 335 patients with a FEP 
and 253 healthy controls were recruited. The local ethics 
committee of each center approved the study, and it was 
obtained an informed consent from all participants or 
from parents/legal keeper in under 18-year-old subjects. 
The rationale and the complete clinical protocol used in 
the PEPs project were previously published.17

All patients included in this study were aged 7–35 years 
old, presented their first psychotic symptoms (positive 
symptoms or disorganization) for at least 1 week in the 
previous 12 months and spoke Spanish correctly. Patients 
with mental retardation according to the Diagnostic and 
Statistical Manual of mental disorders, 4th edition Text 
Revised (DSM-IV-TR) criteria,18 history of head injury 
with loss of consciousness, and presence of an organic 
disease with mental repercussions were excluded. Those 
who met the inclusion criteria to this study were invited 
to participate, on either an inpatient or outpatient basis.

Healthy controls were matched by age, gender, and 
socio-economic status (measured by Hollingshead-
Redlich scale [±1 level])19 and they also had to speak 
Spanish correctly. The exclusion criteria of control 
subjects were the same as for patients plus having a per-
sonal antecedent of psychotic and/or major affective dis-
order and/or having a first-degree relative with history of 
psychotic disorders.

Diagnostic, Demographic, and Clinical Data Collection

In order to confirm each patient diagnosis, the Spanish 
translation of the Kiddie-SADS-Present and Lifetime 
Version (K-SADS-PL) was used to evaluate current and 
past psychopathology according to DSM-IV-TR criteria 
for children and adolescents,20 and the Spanish transla-
tion of Structured Clinical Interview for DSM Disorders 
(SCID) parts I and II (SCID-I & II) for adults.21

A dichotomous categorization of affective vs nonaf-
fective psychosis was used for some analyses. Affective 
psychosis includes DSM-IV-TR diagnosis of unipolar de-
pression or bipolar disorder with psychotic features and 
schizoaffective disorder.18 Psychotic symptoms were as-
sessed using the validated Spanish version of the Positive 
and Negative Symptom Scale (PANSS).22,23 To determine 
the rate of patients who achieve symptomatic remission 
during the last 6 months of the 2-year follow-up, we im-
plemented the Remission in Schizophrenia Working 
Group (RSWG) criteria by Andreasen et al.24
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As the PEPs Project was an observational naturalistic 
study, there were no specific guidelines for treatments, 
so the antipsychotic treatment was based on clinician’s 
choice.25 Thus, dosing, comedications, duration, or treat-
ment changes were based on clinical need and registered 
in the common data base. To compare the different anti-
psychotics between them, the prescribed daily doses of 
antipsychotics were converted to an estimated equivalent 
amount of chlorpromazine (CPZ) following the interna-
tional consensus.26 Baseline polypharmacy was registered 
considering simultaneous treatment in the same patient 
with one antipsychotic together with an antidepressant, 
an anticholinergic drug, a mood stabilizer, a benzodiaze-
pine, or another antipsychotic. A previous report gave a 
full description of the psychopharmacological treatment 
used in the PEPs project.25

Study Assessments

At baseline, a complete medical history was taken. 
Laboratory data of lymphocytes and neutrophils were 
assessed at baseline and at 2-, 6-, 12-, and 24-months fol-
low-up visits in patients, and at baseline and at 24 months 
visit in controls. K2EDTA BD Vacutainer EDTA tubes 
(Becton Dickinson, Franklin Lakes, New Jersey) were 
used to collect blood samples which were stored at −20°C 
and sent to each site laboratory for analysis. The refer-
ence values at each site were recorded in a common da-
tabase called GRIDSAM, where individual values were 
homogenized and included.17,27

Statistical Analysis

Continuous data are expressed as a mean ± standard 
deviation and categorical data are expressed as absolute 
values and percentages. A two-tailed Chi-square test was 
used to assess differences in categorical variables and a 
two-tailed t-test was used to assess differences on con-
tinuous variables with approximately normal distribu-
tions. The normality of  continuous variables was tested 
using the Kolmogorov–Smirnov and Shapiro–Wilk 
tests, and the equality of  the variance between groups 
was assessed using Levene’s test. The Mann–Whitney U 
was used to assess nonparametric variables. Within the 
FEP group, a one-way repeated measures ANOVA was 
conducted to compare changes in patients’ NLR meas-
ures between visits.

A mixed between-within subjects’ analysis of variance 
was conducted to assess the impact of gender and diag-
nosis (affective vs nonaffective psychosis) on NLR meas-
ures. Wilks’ Lambda was used to explore the relationship 
between gender and diagnostic and NLR measures at the 
24 months of follow-up. Correlation of NLR with clin-
ical scales scores was assessed by Spearman rank tests.

The relationship between the NLR outcomes and 
antipsychotic mean daily doses (in chlorpromazine 

equivalents) was investigated using Pearson correlation 
coefficient. A simple linear regression was used to eval-
uate the relationship between the antipsychotic doses and 
the NLR values.

Two-tailed P-values < .05 were considered to be of sta-
tistical significance. Statistical analyses were performed 
using IBM-SPSS v.25.28

Results

Baseline Characteristics and Study Drop-outs

From the 335 patients with a FEP and 253 healthy con-
trols participants of the PEPs project, 25 patients, and 
38 control subjects were excluded from the present study 
as NLR data were not available. Demographic, anthro-
pometric, and diagnosis characteristics are presented in 
table 1. There were no differences between cases and con-
trols in the matching variables, so the differences found 
do not result from an inadequate case-control group 
matching, or weight at baseline.

Of the total number of participants who started the 
study, it was possible to obtain the NLR data from 184 
cases and 143 controls at two years. There were no base-
line differences in gender, age, weight, or ethnicity among 
patients and controls who dropped out of follow-up, with 
the exception that a significant higher proportion of pa-
tients diagnosed with non-affective psychosis dropped 
out of the study early (43.2% vs 27.5%, χ2=4.41, P = .036).

NLR Comparison Between FEP and Control Groups

At baseline, the FEP group showed a higher mean 
NLR compared to the control subjects (1.96 ± 1.11 vs 
1.72 ± 0.74, P = .03). Mean NLR differences between 
cases and controls were even higher at the 24 months 
of  follow-up (2.04 ± 0.86 vs 1.65 ± 0.65, P < .001). See 
table 2 for details.

There were no differences in the mean NLR values 
at baseline and 24 months within the control group 
(1.72 ± 0.84 vs 1.64 ± 0.65, F = 1.54, P = .28).

NLR Measures in the Follow-up Visits in Between FEP 
Group

Mean NLR values at baseline, 2, 6, 12, and 24 months 
within the FEP group are described in table 3. The one-
way repeated measures ANOVA analyses did not detect 
statically significant increases in the NLR within the FEP 
group across the follow-up visits.

Within the FEP group, there were no differences at 
baseline NLR between women and men (2.07 ± 1.31 vs 
1.91 ± 0.99; U = 10 348; P = .67). After 24 months of 
follow-up, there were still no differences (2.16 ± 0.96 vs 
1.98 ± 0.81; P = .2). There were significant lower base-
line NLR values in the underage (<18 years, n = 51) 
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Table 1.  Demographic, Anthropometric, and Baseline Characteristics 

 FEP (n = 310) Control (n = 215) Statistic P-value 

Age – years [mean (SD)] 23.6 ± 6 24.2 ± 6.4 t = −1.07 .29
Gender (male) – no. (%) 207 (66.8%) 140 (65.1%) X2 = 0.16 .69
Ethnic group – no. (%) X2 = 8.59 .28
 � Caucasian 266 (85.8%) 193 (89.8%)
 � Gipsy 5 (1.6%) 0 (0)
 � Maghrebian 7 (2.3%) 2 (0.9%)
 � Sub-saharan 2 (0.6%) 0 (0)
 � Asian 4 (1.3%) 1 (0.5%)
 � Caribbean 7 (2.2%) 3 (1.4%)
 � Hispanic 16 (5.2%) 12 (5.6%)
 � Other 3 (1%) 4 (1.8%)
Weight – (kg) 69.26 ± 14.06 69.23 ± 12.75 t = 0.023 .98
Tobacco use
  �  Active smoker (yes) – no. (%) 188 (60.6%) 70 (32.6%) χ2 = 43.77 P < .001
  �  Number of cigarettes per month 239.63 ± 263.65 68.45 ± 144.55
Diagnosis
 � Affective psychosis 51 (16.4%) –
   �   Bipolar disorder 37 (11.9%) –
   �   Major depressive disorder 7 (2.3%) –
   �   Schizoaffective disorder 7 (2.3%) –
 � Non-affective psychosis 259 (83.6%) –
   �   Psychotic disorder NOS 99 (31.9%) –
   �   Schizophreniform disorder 62 (20%) –
   �   Schizophrenia 48 (15.5%) –
   �   Brief psychotic disorder 48 (15.5%) –
   �   Delusional disorder 2 (0.6%) –
hospitalization
 � Patients with hospitalization (%) 231 (74.5%) –
 � Duration (days) – mean (SD) 21.02 ± 22.48
PANSS
 � Positive subscale score – mean (SD) 18.69 (8.01) –
 � Negative subscale score – mean (SD) 18.6 (8.15) –
General subscale score – mean (SD) 37.8 (12.96) –
Total score – mean (SD) 75.1 (24.7) –

Note: FEP, First Episode of Psychosis; NOS, Not otherwise specified; PANSS, Positive and Negative Symptom Scale.

Table 2.  NLR Comparison Between the Patients and Healthy Control Group at the Two-year Follow-up Visit

 FEP Control Statistic P-value 

NLR baseline – mean (SD) 1.96 ± 1.11 (n = 310) 1.72 ± 0.74 (n=215) U = 29.637.50 .03*
NLR 24 months – mean (SD) 2.04 ± 0.86 (n = 184) 1.65 ± 0.65 (n=143) U = 19.883.00 <.001*

Note: FEP, First Episode of Psychosis.
*P < .05 marked in bold.

Table 3.  NLR Mean Measures for Patients Along All the Visits of the PEPs Study

 
Baseline  
(n = 310) 

2 Months  
(n = 140) 

6 Months  
(n = 140) 

12 Months  
(n = 140) 

24 Months  
(n = 184) Statistics P-value Partial Eta Squareda 

NLR 1.96 ± 1.11 2.08 ± 1.11 1.99 ± 1.09 1.93 ± 0.91 2.04 ± 0.86 WL = 0.974
F = 0.895

.47 0.03

Note: WL, Wilk’s Lambda.
aPartial Eta Squared value of effect size (0.01–0.05 = small, 0.06–0.13 = moderate, >0.14 = large). 
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cases: 1.62 ± 0.68 vs 2.03 ± 1.17, U = 8048.5, P = .014), 
but not at the end of  the follow-up.

As expected, a greater proportion of patients smoked 
tobacco compared to controls at baseline (60.6% vs 
32.6%, χ2=43.77, P < .001). However, both in the group 
patients and in controls, there were no differences in base-
line NLR between smokers or non-smokers. NLR values 
also did not correlate with the number of cigarettes 
smoked daily (r = 0.05, P = .21).

There were no significant differences between diag-
nostic categories (nonaffective vs affective psychosis) 
neither at baseline (1.96 vs 2.00; t = −0.251, P = .802) 
nor at 24 months of  follow-up (1.94 vs 2.06; WL = 0.94, 
F = 2.14, P = .08). No differences in NLR values were 
found between patients who had required hospital ad-
mission at baseline and those who did not, and the ratio 
was not correlated with the number of  days hospital-
ized, both at baseline and at the end of  the study. Nor 
was there a statistically significant correlation between 
NLR values and PANSS scores (positive, negative, 
general, and total) at both baseline and 24-month fol-
low-up visits.

Of the 190 patients evaluated at the two-year fol-
low-up visit, 123 (64.7%) met the RSWG remission cri-
teria. The percentage of  patients with affective psychosis 
who achieved remission at two years of  follow-up was 
higher than the nonaffective psychosis group (80% vs 
61.3%, χ2=4.38, P = .036). The group of  patients who 
did not reach remission criteria at the end of  the two-
year follow-up showed a significantly higher NLR than 
the group in remission (2.19 ± 0.85 vs 1.95 ± 0.87, U = 
3896.5, P = .042).

Psychopharmacological Treatment

Psychopharmacological treatment of the FEP cohort 
at baseline and at the 24-months follow-up is presented 
in table 4. At baseline, 285 patients were taking anti-
psychotics and 25 were antipsychotic naïve. When com-
paring the baseline NLR of these two groups there were 
no statistically significant differences (1.97 vs 1.85; t 
= 0.548, P = .584). There were not differences in base-
line NRL between the groups who received mono and 
polytherapy (1.97 vs 1.99; t = 0.117, P = .907).

At baseline, we found a tendency of  positive correla-
tion between equivalent amount of  CPZ doses and basal 
NLR (r = 0.11, P = .056). At 24 months of  follow-up, 
this tendency was achieved, finding a statistically signif-
icant correlation between equivalent daily doses of  CPZ 
and NLR (r = 0.461, P < .001) at 24 months of  fol-
low-up. A simple linear regression identified that CPZ 
equivalent doses explained the 21% of  the variance in 
NLR values (F = 25.13, P < .001) at the end of  the 
follow-up.

The group of patients who did not reach remission 
criteria at the end of the two-year follow-up showed a 

significantly higher mean antipsychotic doses than the 
group that reached remission (507 72  ±  310 84 vs 269 
85 ± 243 73; t = −4.17; P = .001).

The use of other psychopharmacological treatments 
(antidepressants, anticholinergics, mood stabilizers, or 
benzodiazepines) did not correlate with the NLR, neither 
at baseline nor in the two-year follow-up visit.

Discussion

A variety of mechanisms involving the immune system 
and an inflammatory activation has been related to the 
pathophysiology of schizophrenia and related psychosis.4 
Inflammatory ratios, especially NLR and monocyte/lym-
phocyte ratio (MLR), may be useful to detect this activa-
tion.12,13,29 In this largest, longitudinal, case-control study 
analyzing NLR in FEP, we found: (1) Higher mean NLR 
values in a cohort of subjects with a FEP compared to 
a matched control group at baseline. These differences 
grew at the 24 months of follow-up; (2) Within the FEP 
group, there were no statistically significant differences in 
NLR across the study follow-up visits; (3) There was no 
significant correlation between NLR values and PANSS 
scores or hospitalization, but patients who reached re-
mission criteria at the end of the two-year follow-up 
showed significantly lower mean NLR values than the 
non-remitted group; (4) significant lower NLR values at 
baseline in underage patients, compared to adults; (v) No 
significant differences in NLR values between genders, 
tobacco users/nonusers or affective vs non-affective psy-
chosis; and (6) a significant positive correlation between 
antipsychotic equivalent daily doses of CPZ and NLR at 
the end of the study.

A major part of these findings are in line with previous 
studies.12,30–32 Recent systematic reviews and metanalyses 
have concluded that NLR in schizophrenia patients is 

Table 4.  Psychopharmacological Treatment in the Baseline and in 
the Two-year Follow-up Visit

 
Baseline
(n = 310) 

24 Months
(n = 105) 

Antipsychotic treatment
 � No antipsychotic therapy 

– no. (%)
25 (8.1%) 17 (5.5%)

 � Monotherapy – no. (%) 217 (70.0%) 77 (24.8%)
 � Polytherapy – no. (%) 68 (21.9%) 11 (3.5%)
  �  2 antipsychotics – no. (%) 62 (20%) 10 (3.2)
  �  3 antipsychotics – no. (%) 5 (1.6%) 1 (0.3%)
  �  4 antipsychotics – no. (%) 1 (0.3%) 0
Chlorpromazine equivalent 
mean dose – mg/day (SD)

611.10 ± 449.91 346.30 ± 289.06

Subjects with other treatment
 � Anticholinergics 39 (12.6%) 4 (1.3%)
 � Antidepressants 41 (13.2) 18 (5.8%)
 � Mood stabilizers 40 (12.9%) 27 (8.7%)
 � Benzodiazepines 123 (39.7%) 17 (5.5%)
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increased, both in chronic disease and in first-episode 
psychosis.12,13,29

Steiner and collaborators found that positive symp-
toms correlated with neutrophil counts, describing a 
decreasing in NLR of FEP group after 6 weeks of fol-
low-up of treatment, suggesting that these cells may act 
as a modulator of acute disease severity.32 In our study, 
we didn’t find a significant correlation between NLR and 
PANSS scores. These differences could be related, at least 
in part, to the fact the mean PANSS total score from our 
cohort was notably higher (more severe) at baseline than 
in the study from Steiner and collaborators (75.1 vs 31.0). 
In our study, we also did not find a correlation with an-
other indirect marker of severity at baseline, such as the 
need for hospitalization and its duration. However, we 
found that the group of patients who did not reach remis-
sion criteria at the end of the two-year follow-up showed 
a significantly higher NLR than the group in remission. 
Similarly, Labonté et al. reported NLR decreases fol-
lowing treatment in the responsive group exclusively, but 
not in treatment resistant schizophrenia group.33 Our re-
sults could be explained, at least in part, with the finding 
that nonremitted patients showed significantly higher 
mean antipsychotic doses than remitted at the two-year 
follow-up visit. These findings underscore the interest of 
studying NLR as a marker of severity in the evolution of 
psychotic disorders.

When analyzing by gender, there were no differences in 
both subgroups at baseline in the mean of NLR as it was 
observed in a similar study.31 This observation was main-
tained during the 24-month follow-up. There was also 
no correlation between basal NLR values and smoking 
tobacco. On the other hand, we found significant lower 
NLR values at baseline in underage patients, compared 
to adults. This point could be related to a greater predis-
position to present neutropenia in patients with an early 
onset of psychosis, which is especially relevant when 
starting certain antipsychotics, such as clozapine.34 These 
differences, which were not maintained at 24 months, in-
dicate the importance of considering age as a potential 
confounding factor to be considered when assessing the 
use of NLR in adolescent patients.

There is evidence of high neutrophil count and NLR in 
patients suffering from nonaffective psychosis and mood 
disorders compared to healthy controls.29,35,36 Mazza and 
collaborators found in acute, multiepisodic patients that 
NLR was significantly more elevated in schizophrenia 
patients than in affective psychosis.37 In our study, with 
patients in early phases, the affective psychosis subgroup 
showed comparable NLR values to the nonaffective psy-
chosis subgroup, both at baseline and at 24 months of 
follow-up.

We did not find differences between the patients who 
were taking antipsychotics and antipsychotic naïve pa-
tients at the study entry. There is an interest in the field in 
clarifying the effects of antipsychotic treatment on NLR, 

having been proposed its increase after antipsychotic 
treatment.12 However, there are studies that did not find 
significant differences in NLR between patients who had 
been receiving antipsychotic treatment and those who 
had not,38–40 similarly to our results.

At baseline, we found a statistical trend for a positive 
correlation between equivalent amount of CPZ doses 
and NLR. This tendency was confirmed at the end of the 
24 months of follow-up, when a statistically significant 
positive correlation between antipsychotic equivalent 
daily doses of CPZ and NLR was found. The previous 
study from Steiner and collaborators found that equiv-
alent amount of CPZ doses was correlated negatively 
with the neutrophils count from baseline to follow-up.32 
The differences in antipsychotics patterns and psychotic 
symptoms severity between both studies could explain 
this contradictory results.

Another point we have focused on in our study was the 
effects of antipsychotic mono- and poly-therapy, which is 
a very common practice in everyday clinical practice.25 At 
baseline, there were no differences in NLR between the 
patients who were in mono- and poly-therapy. The use of 
antidepressants and mood stabilizers did not affect the 
NLR value.

Some limitations should be considered at the moment 
of the analysis of these results. Firstly, patients could be 
included in the study being under antipsychotic treat-
ment, which could be affecting the NLR in some cases. 
As the mean duration of the antipsychotic treatment at 
the study entry was of 54.08 days,25 this effect could be 
mild. Correlation analyzes were performed to establish 
the relationship between antipsychotic doses and NLR 
results at both the baseline and final visit levels. Secondly, 
since the PEPs Project was a naturalistic study, treatments 
given during the follow-up were chosen by the clinicians 
according to clinical needs, so there was a certain level 
of heterogeneity of antipsychotic patterns.25 In order to 
avoid these differences, a randomized controlled trial 
would be necessary. Thirdly, as most participating sites in 
this study are tertiary care centers linked to the Spanish 
network of translational research (CIBERSAM),41 pa-
tient samples, and therapeutic strategies may differ from 
those used in other areas.42 Besides, to better charac-
terize the response to treatment and the clinical evolu-
tion during follow-up, we applied the RSWG remission 
criteria to the whole group of cases, despite the fact that 
a small percentage of patients had been diagnosed with 
an affective psychosis (16.4%), of which a greater propor-
tion met these criteria (80% vs 61.3%, χ2=4.38, P = .036). 
Finally, the relatively high number of drop-out during 
the follow-up period (40.6% of the cases and 33.5% of 
the controls) may have limited the capability to detect dif-
ferences between groups in some analyses at the end of 
the study, although we did not find differences in demo-
graphic and baseline clinical variables between dropouts 
and completers.
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This study had the advantage of having strict inclu-
sion/exclusion criteria, a diagnostic evaluation done with 
a very comprehensive protocol, patients with a wide age 
of inclusion, trying to replicate the natural history of the 
diseases, which makes this sample as close as possible to 
the reality of the FEP population,17 mitigating the effect 
of confounding variables. Besides, blood analyses were 
taken following a strict, unified protocol, which is espe-
cially relevant since leukocyte levels fluctuate throughout 
the day.42

Dysregulation of immunological and inflammatory 
processes has been repeatedly reported in peripheric sam-
ples from subjects with psychotic disorders,4,43 and current 
research also suggests that schizophrenia patients may 
also present CSF abnormalities, including signs of blood-
brain barrier impairment and inflammation.44 However, 
despite numerous studies of the complex components 
of innate and adaptive immune processes, it still has not 
been clarified whether this imbalance occurs before psy-
chosis (related to etiology), during its evolution (related 
to pathophysiology), or if  it is an epiphenomenon ac-
companying it.4,43 In this context, NLR values can be an 
accessible approach to know the inflammatory status in 
an individual, but the available evidence in FEP subjects 
does not rule out the possibility of alternative explan-
ations to this association. Although NLR in peripheral 
blood can provide insights into the potential immunolog-
ical contribution to psychosis, the central nervous system 
(CNS) is protected by the blood–brain-barrier. Thus, pe-
ripheral blood levels of NLR might not translate directly 
to changes within the central nervous system. In this line, 
Campana et al. have recently described no significant 
relationship between CSF alterations and peripheral in-
flammation measured with CRP, suggesting a FEP sub-
group with an intrathecal inflammatory etiology of the 
disease.45 NLR in blood and CSF at one time has been 
previously investigated in other fields like acute bacterial 
meningitis,46 but studies in psychiatric patients are still 
scarce.44,47 Future studies should focus on CSF measure 
to better understand the inflammatory process in the 
CNS in FEP.

Despite our attempt to control potential confounding 
factors (such as age, gender, tobacco use, or drug treat-
ment), these variables and others (ie, primary and 
treatment-related metabolic differences, different health 
habits including nutrition and physical activity, gut 
dysbiosis, substance abuse, etc.) could be mediating in the 
differences we found between FEP and control groups.

It should also be noted that from other fields of medi-
cine, for example in cancer, we have learned that the low 
diagnostic utility of unspecific inflammatory markers 
(such as C-reactive protein or erythrocyte sedimentation 
rate) is due to poor sensitivity.48 In terms of NLR, onco-
logical meta-analysis supported the relationship between 
elevated NLR and poor outcomes in cancer.48 However, 
current evidence does not allow to determine whether the 

association is causal or due to confounding or reverse cau-
sation. Furthermore, the lack of a clinically relevant and 
accepted NLR cut-off  hampers the applicability of the 
index in clinical practice. All these arguments are trans-
ferable to psychiatry, with fewer studies supporting cau-
sality and even less consensus on accurate cut-offs.49 For 
all this, it is needed more evidence and clinical experience 
using NLR as a biomarker to determine neurobiological 
phenotypes or to be integrated in our treatment- decision 
algorithms (ie, choosing certain antipsychotic drug or 
adding co-adjuvant antiinflammatory drugs).

Overall, these findings support the existence of an un-
derlying process in FEP patients to present an increased 
mean of NLR since the very beginning of the disorder, 
so its determination could be a useful tool to characterize 
this inflammatory imbalance, to define prognosis, and re-
sponse to treatment in this population. As NLR is used in 
the scientific literature, once it starts to be used in the clin-
ical practice, it would be interesting to describe its normal 
values in the general population. Future studies would 
also help to clarify the effects of antipsychotics over 
NLR and its correlation with clinical response, testing its 
utility as an accessible biomarker for treatment response.
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