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Abstract

Background: Neutrophil-lymphocyte ratio (NLR), monocyte-lymphocyte ratio (MLR), and platelet-lymphocyte ratio
(PLR) are blood indicators of systemic inflammation. This study aims to compare the levels of inflammatory indicators
derived from blood routine tests between adolescents with non-suicidal self-injury (NSSI) and those with non-NSSI.

Methods: A total of 201 adolescents with mood or emotional disorders were enrolled in this study, among which
106 had engaged in NSSI and 95 had never engaged in NSSI. NLR, MLR, and PLR were calculated based on the com-
plete blood cell count.

Results: There was no significant difference in demographic data between the two groups. The NSSI group exhibited
significantly higher MLR (P=0.001) and PLR (P=0.007) than the non-NSSI group. Multivariate logistic regression analy-
sis revealed that MLR (OR 1.545, 95%CI [1.087-2.281], P=0.021) and PLR (OR 1.327,95%ClI [1.215-1.450], P<0.001)
were independently associated with NSSI. Receiver operating characteristic (ROC) curve analyses demonstrated that
for differentiating NSSI from non-NSSI, the optimal cut-off value of MLR was 0.135 and the area under curve was 0.638
(0.561-0.715], P<0.001), with a sensitivity of 90.60% and a specificity of 33.70%; the optimal cut-off value of PLR was
127.505 and the area under curve was of 0.611 ([0.533-0.689], P<0.001), with a sensitivity of 39.60% and a specificity
of 81.10%.

Conclusions: Systemic inflammation, as indicated by elevated MLR and PLR, was found to be strongly associated
with NSSI among adolescents.
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Background a proposed diagnosis in the 5th edition of the Diagnos-
Non-suicidal self-injury (NSSI) is defined as the direct tic and Statistical Manual of Mental Disorders (DSM-5)
and deliberate damage to one’s own body for reasons [2]. A systematic review has shown that the prevalence
not socially accepted, with no observable intention to  of NSSI is 7.5 to 46.5% in adolescents [3]. Another meta-
die as a consequence of the behavior [1]. It has become  analysis found that the lifetime and 12-month prevalence
of NSSI was 22.1 and 19.5%, respectively, in children and
adolescents between 1989 and 2018 across the world [4].
According to the latest statistics, Chun W et al. estimated
that the prevalence of NSSI in middle school students in
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attempts (SA) [6, 7] and that NSSI is the strongest predic-
tor of future suicidal behavior [8]. The risks of both SA
and completed suicide are significantly higher in those
who have engaged in NSSI. Among those with any NSSI,
39.6% endorsed suicidal behavior, and 66.3% of those
with any suicidal behavior reported NSSI [9]. There-
fore, NSSI has been recognized as a major public health
problem in adolescents that seriously affects their mental
health and safety.

Until very recently, only very few studies investigated
the relationship between NSSI and inflammation. Kim
et al. reported that patients with mood disorders with
NSSI exhibit greater behavioral impulsivity and higher
levels of serum tumor necrosis factor a (TNF-a) as
compared to those without NSSI [10]. Osimo et al. sug-
gested that low-grade systemic inflammation (defined
as a serum C-reactive protein (CRP) level>3 mg/L or
white cell count (WBC)>9.4'10°/L) is associated with
NSSI in adult psychiatric inpatients through an analysis
of electronic health records [11]. However, results are
conflicting among different studies. Russell et al. found
no association between interleukin-6 (IL-6) and NSSI;
they even found a negative association between CRP and
NSSI, indicating that higher levels of CRP may be protec-
tive for NSSI [12]. Despite the inconsistent findings, there
is a growing interest in the relationship between inflam-
mation and NSSL

According to previous studies, Neutrophil-Lympho-
cyte Ratio (NLR), Monocyte-Lymphocyte Ratio (MLR),
and Platelet-Lymphocyte Ratio (PLR) are relatively stable
biomarkers of systemic inflammation [13, 14]. The test-
ing of these markers is cost-effective and easy to access,
indicating its potential value for clinical application.
Studies have shown that these markers are not only early
indicators of severe COVID-19 cases[15], but also closely
associated with a variety of diseases, such as cancers [16],
cardiovascular disease [17], digestive disease [18] and
diabetes mellitus [19, 20]. The markers have also been
extensively examined in studies on psychiatric disorders.
Previous studies have found low-grade systemic inflam-
mation in adult psychiatric inpatients, especially for those
diagnosed with schizophrenia and bipolar disorder (BD)
[11]. According to an updated systematic review and
meta-analysis of major depressive disorder (MDD) on
patient groups in China, the NLR, PLR, and MLR were
all elevated in patients with depression, as compared with
healthy controls [21]. These markers are also involved in
the inflammatory pathophysiology among children and
adolescents with psychiatric disorders. According to
some studies, the NLR, PLR and MLR of children with
attention-deficit hyperactivity disorder (ADHD) or chil-
dren and adolescents with anxiety disorders (AD) were
significantly higher than their healthy counterparts [22,
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23]. Furthermore, elevated NLR and PLR were found to
be associated with inflammation among adolescents with
obsessive—compulsive disorder, and those with comor-
bid anxiety exhibited increased inflammatory responses
[24]. A study also found that adolescents with depression
had higher NLR, which was positively correlated with the
severity of depression [25].

Many studies have investigated the association between
NLR, MLR, and PLR and suicide. Ekinci et al. suggested
that NLR may be a marker for suicide vulnerability in
patients with MDD [26]. one study also showed that NLR
in patients with bipolar disorder and SA is higher than
that in healthy controls [27]. Similarly, another research
also supports that SA survivors exhibited higher levels of
NLR compared to normal controls [28]. Moreover, Ara-
fat et al. revealed that the levels of CRP and NLR were
significantly elevated in individuals who committed non-
fatal hanging [29]. Puangsri et al. found that depressed
adolescents with SA show elevated levels of MLR than
those with no suicide ideation; and that the levels of MLR
and NLR are positively correlated with suicidality sever-
ity [30].

To our knowledge, no studies have directly investi-
gated the correlation between blood cell counts and
NSSI. Herein we report an investigation on the associa-
tions between MLR, NLR, and PLR in adolescents with
NSSI. Based on the previous findings, we hypothesized
that patients with NSSI would show elevated levels of
NLR, MLR, and PLR as compared with those with non-
NSSL; and NLR, MLR, and PLR may be effective mark-
ers for differentiating patients with NSSI and those with
non-NSSIL

Methods
Participants
A total of 201 inpatient adolescents (aged 13-18 years)
with mood or emotional disorders were recruited from
the hospital. The inclusion criteria were: (1) diagnosed
with mood or emotional disorders according to the Inter-
national Classification of Diseases 10" Revision (ICD-
10), including anxiety disorders (AD), major depressive
disorder (MDD), bipolar disorder (BD), and behavioral
and emotional disorders with onset usually occurring in
childhood and adolescence; (2) engaged in NSSI accord-
ing to the DSM-5 criteria (history of NSSI was deter-
mined using information collected through the direct
interviews and medical record reviews), and having>1
self-injury at least one occasion in the past month. The
participants were grouped into an NSSI group and a non-
NSSI group based on whether they had a history of NSSI.
The exclusion criteria were: (1) with a current diagno-
sis of any other psychiatric disorder; (2) with SA or sui-
cide ideation (assessed based on the patient’s history and
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course of the disease); (3) with serious physical illnesses,
especially those associated with systemic inflammatory
responses such as active infection, fever, acute or chronic
endocrinological diseases; (4) had used anti-inflamma-
tory drugs, corticosteroids or antipyretic drugs in the
past two weeks.

Data collection

Blood samples of all enrolled individuals were collected
from the cubital vein after fasting. Complete blood cell
count was measured using Sysmex XN-1000 (XN-1000,
Sysmex, Japan) automatic blood cell analyzer. Data were
obtained from the electronic medical records system.
Laboratory results were obtained from electronic medi-
cal records, and NLR, MLR, and PLR values were calcu-
lated and compared between the two groups.

Statistical analysis

Data analyses were performed using the IBM SPSS Sta-
tistics version 26 for Mac OS. The normality of data
was tested using Kolmogorov—Smirnov test. Normally
distributed data were presented as means and standard
deviations, and were compared between the two groups
using independent two-sample t test. Inter-group com-
parisons of skewed variables were performed using
Mann—-Whitney U test. Multivariate logistic regression
analysis was conducted to determine the variables inde-
pendently associated with NSSI. Odds ratios (ORs) and
95% confidence interval (CI) were calculated for the
independently associated variables. Receiver operating
characteristic (ROC) curve analysis was performed to
determine the discrimination threshold of inflammatory
markers in the diagnosis of NSSI. A two-tailed P<0.05
was considered statistically significant for all analyses.
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Results
A total of 201 patients were enrolled in this study, with
106 grouped into the NSSI group and 95 grouped into
the non-NSSI group. In the NSSI group, there were
89 females and 17 males, with a mean age of 15(14, 16)
years; among which 4 (3.77%) patients were diagnosed
with anxiety disorders (AD), 56 (52.83%) with major
depressive disorder (MDD), 3 (2.83%) with bipolar disor-
der (BD) and 43 (40.57%) with behavioral and emotional
disorders with onset usually occurring in childhood
and adolescence. In the non-NSSI group, there were
74 females and 21 males, with a mean age of 15(14, 17)
years; among which 9 (9.47%) patients were diagnosed
with AD, 42 (44.21%) with MDD, 5 (5.26%) with BD and
39 (41.05%) with behavioral and emotional disorders with
onset usually occurring in childhood and adolescence.
There were no significant differences in age (p=0.094),
gender (p=0.359), family history (p =0.125), and diagno-
ses (p=0.260) between the two groups. The demographic
characteristics of the subjects are summarized in Table 1.

The monocyte count, MLR, and PLR were significantly
higher in adolescents with NSSI than those without
NSSI (p=0.011, p=0.001, p=0.007, respectively). The
lymphocyte count was significantly lower in the NSSI
group (p=0.043). There were no significant differences in
white blood cell count (WBC), neutrophil count, platelet
count, mean platelet volume (MPV), and NLR between
the two groups (all p>0.05) (Table 2). Multivariate logis-
tic regression analysis showed that MLR (OR 1.545, 95%
CI [1.087-2.281], p=0.021) and PLR (OR 1.327, 95%CI
[1.215-1.450], p<0.001) were independently associated
with NSSI (Table 3).

Receiver-operating characteristic (ROC) curve analyses
were then performed to evaluate the diagnostic ability of
MLR and PLR for NSSI. According to the ROC curve, the

Table 1 Demographic characteristics of the NSSI group and the non-NSSI group

Variables NsSI Non-NsSI /% p
(n=106) (n=95)

Age () 15(14, 16) @ 15(14,17) 2 -1676 0.094°

Female (n%) 89(84.00%) 74(77.90%) 0.839 0.359¢

Family history 5(4.70%) 11(11.60%) 2351 0.125

Diagnosis 4.030 0.260

Anxiety disorders 4(3.77%) 9(9.47%)

Major depressive disorder 56(52.83%) 42(44.21%)

Bipolar disorder 3(2.83%) 5(5.26%)

Behavioral and emotional disorders with onset usually occur-  43(40.57%) 39(41.05%)

ring in childhood and adolescence

@ Expressed as median (lower-upper quartiles)
® Mann-Whitney U test

¢ Chi-square test
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Table 2 Comparison of blood cell count parameters between the NSSI group and the non-NSSI group

Variables NSSI Non-NSSI t/z p
WBC (10°/ul) 6.61(5.92,7.64)° 6.68 (5.72,8.03)° -0.118 0.906°
Lymphocyte (10%/ul) 239(2.02,2.68) 256 (2.03,3.16) -2.025 0.043"
Monocyte (10%/uL) 046 (0.39, 0.56) 042 (0.34,0.51) 2531 0011
Neutrophil (103/uL) 3.61(2.80,4.19) 341 (2.46,4.76) -0.730 0.465
Platelet (10°/uL) 288,64 + 56.08¢ 273.55 £ 59.08¢ 1.852 0.066¢
MPV (fl) 9.94+0.75 10.11£093 -1.428 0.155
MLR 0.19(0.16,0.23) 0.16 (0.13,0.20) -3.381 0.001"
NLR 146 (1.13,1.94) 1.34(0.96,1.87) -1.690 0.091
PLR 115.66 (97.63, 146.72) 107.85 (88.89, 125.37) -2.709 0.007

WBC White blood cell count, MPV Mean platelet volume, MLR Monocyte-lymphocyte ratio, NLR Neutrophil-lymphocyte ratio, PLR Platelet-lymphocyte ratio

@ Expressed as median (lower-upper quartiles)
b Mann-Whitney U test

d Expressed as mean = standard deviation

¢ Student’s t-test

" indicates statistical significance

Table 3 Multivariate logistic  regression model for the
association between NSSI and inflammatory marker

Variables OR (95%Cl) p
MLR 1.545(1.087-2.281) 0021
PLR 1.327(1.215-1.450) <0.001"

MLR Monocyte-lymphocyte ratio, PLR Platelet-lymphocyte ratio

" indicates statistical significance

area under curve was 0.638 ([0.561- 0.715], p<0.001) for
MLR and 0.611 ([0.533-0.689], p<0.001) for PLR. The
optimal cut-off value was 0.135 for MLR, with a sensitiv-
ity of 90.60% and specificity of 33.70%; the optimal cut-
off value was 127.505 for PLR, with a sensitivity of 39.60%
and specificity of 81.10% (Table 4 and Fig. 1).

Discussion

To the best of our knowledge, this is the first study prob-
ing NLR, MLR, and PLR as hallmarks of systemic inflam-
mation in adolescents with NSSI. The results showed
significantly elevated levels of MLR and PLR in ado-
lescents with NSSI compared with those with no NSSI,
suggesting a potential role of MLR and PLR in the assess-
ment of NSSI in clinical practice. Inconsistent with our

hypothesis, we found no changes in NLR in adolescents
with NSSL

MLR

Previous studies have found that an elevated level of
monocyte count is associated with overexpression of
immune genes and overproduction of monocytes/mac-
rophage-related cytokines [31]. Increased monocyte
count or MLR had been observed in major psychiatric
disorders, such as schizophrenia [13, 32], bipolar disorder
[33, 34] and major depressive disorder [35]. It is supposed
that elevated monocyte count or MLR is accompanied by
an increase in the monocyte-related cytokines (such as
IL-6, IL-1pB, IL-12, and TNF) and activation of microglia
in the brain [36], which is a biomarker of neuroinflam-
mation. Microglia monitors the functional state of syn-
apses and modulates neuroplasticity by synaptic pruning
and phagocytosis, resulting in altered brain structure and
function, including regions implicated in impulse control
and emotion regulation, such as the medial prefrontal
cortex, dorsolateral prefrontal cortex, insula, amygdala,
and hippocampus [7, 37-39]. A previous study found that
elevated monocyte count and MLR are associated with an
increased risk of suicide in adolescents with major depres-
sive disorder [30]. In sum, the elevated monocyte and

Table 4 Receiver-operating characteristic (ROC) curve of MLR and PLR for differentiating NSSI from non-NSS|

Variables AUC 95%Cl Cut-off sensitivity specificity p
MLR 0.638 0.561-0.715 0.135 0.906 0337 <0.001"
PLR 0.611 0.533-0.689 127.505 0.396 0.811 <0.001"

MLR Monocyte-lymphocyte ratio, PLR Platelet-lymphocyte ratio
“ indicates statistical significance
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Fig. 1 The ROC curves of MLR and PLR for differentiating NSSI from non-NSSI. MLR is presented with a red line, with an AUC of 63.8%, a sensitivity of
90.60%, and a specificity of 33.70%. PLR is presented with a blue line, with an AUC of 61.1%, a sensitivity of 39.60%, and a specificity of 81.10%

MLR found in this study may play an important role in
the pathology of NSSI through the release of monocyte-
related cytokines and activation of microglia.

PLR

Platelets are closely related to stress, peripheral inflam-
mation, and monoaminergic neurotransmission, which
may be involved in the pathology of NSSI. Stress may
increase platelet count and activity through sympathetic
system activation [40]. The increased platelet count and
activity may further induce altered endothelial perme-
ability as well as recruitment of neutrophils and mac-
rophages, resulting in elevated peripheral inflammation
[41, 42]. Moreover, platelets contain abundant serotonin
in their dense granules, and serotonin receptors (5HT,,)
and transporters on the cell surface, are involved in the
production, reuptake, and metabolism of serotonin [43,
44]. A previous study had suggested that platelet sero-
tonin could reliably indicate the presynaptic serotonin
activity in the brain [45].

Dysregulation of serotonergic neurotransmission is an
important factor linked to emotion and behavior disor-
ders, particularly impulse control disorders [46-48]. As
reported in a review paper, NSSI could be considered a
behavior associated with impulse control problems [49].

Previous studies found that the aggressivity and impul-
sivity of suicidal attempters seem to be associated with
the serotonin content in platelets and the total number
of 5-HT,, receptors on platelet surface [50, 51]. Simi-
larly, E. Gorodetsky et al. found the serotonin trans-
porter gene polymorphism (5-HTTLPR) were strongly
associated with in prisoners with NSSI [52]. Similar to
human behavioral data, preclinical studies also revealed
a close relationship between serotonergic neurotrans-
mission and NSSI. Dellu et al. revealed that impulsivity
behavior was mainly associated with decreased seroton-
ergic neurotransmission in the amygdala and anterior
cingulate cortex by testing the different behavior of rats
[53]. A recent study in the nonhuman primate model
showed that primates with the s allele exhibited NSSI
and impulsive behaviors, and there may be distinct the
serotonin transporter (5-HTT) genotype-mediated dif-
ferent NSSI typologies [54]. Taken together, elevated PLR
may play a role in the pathophysiology of NSSI through
its influence on peripheral inflammation and serotonin
neurotransmission.

NLR
Inconsistent with our hypothesis, we found no sig-
nificant difference in NLR between adolescents with
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NSSI and those with no NSSI, despite a decrease in the
lymphocyte count. NLR reflects the balance between
innate (neutrophils) and adaptive (lymphocytes) immu-
nity and is considered a stable peripheral biomarker
of inflammation [55]. Previous studies have found that
NLR is correlated with suicidality in major depression
[26, 56]. The reason for the nonsignificant finding of
NLR in this study remains unclear. Puangsri et al. sug-
gested that MLR is more closely associated with SA in
patients with MDD than NLR and PLR [30]. Turkmen
et al. found that PLR is superior to NLR in denoting
inflammation in patients with end-stage renal diseases
[57]. Thus, our result may indicate that MLR and PLR
are superior to NLR in the assessment of NSSI in
adolescents.

Cut-off values of MLR and PLR

This study for the first time suggested cut-off values of
MLR and PLR for differentiating NSSI from non-NSSI.
With a cut-off value of 0.135, the ROC analysis of MLR
reached a high sensitivity (90.60%) and low specific-
ity (33.70%); with a cut-off value of 127.505, the ROC
analysis of PLR reached a high specificity (81.10%) and
low sensitivity (39.60%). Despite the relatively low areas
under the curve for MLR (0.638) and PLR (0.611), a com-
bination of MLR and PLR would be promising to improve
the overall sensitivity and specificity in differentiating
NSSI from non-NSSI.

To be mentioned, a previous study showed that the
MLR and PLR values vary with age and gender in the
Chinese population, with males exhibiting higher PLR
and lower MLR than females, and with age increases,
PLR decreases and MLR increases [58]. In our study,
females accounted for the majority of the sample, and
all of the participants were aged <18. Thus, the findings
of the ROC analyses should be interpreted with caution,
as the optimal cut-off values obtained from our sample
maybe not be suitable for males or other age groups.
Future studies should investigate the cut-off values of
MLR and PLR for differentiating NSSI from non-NSSI
with stratification of gender and age.

The present study suggested that elevated PLR and
MLR were associated with NSSI, while some other
studies reported that NLR might be a potential new
peripheral biomarker of suicidal behavior [26, 56], indi-
cating that the pathological mechanism of the two con-
ditions might be different. Unfortunately, the available
therapeutic interventions for NSSI mainly include psy-
chotherapy and adjuvant psychopharmacological treat-
ment [59-61], the effects of which are suboptimal. An
updated study suggested that nonsteroidal anti-inflam-
matory drugs (NSAIDs), such as ibuprofen, naproxen,
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celecoxib, and aspirin, as compared to acetaminophen,
could significantly reduce suicidal ideation [62]. Based
on the above findings, it is reasonable to speculate that
anti-inflammatory drugs might be helpful in the treat-
ment of NSSIL.

Limitations

There are still some limitations to this study. First, we
were not able to control some factors affecting the
inflammatory status of participants, such as smok-
ing, alcohol consumption, substance use, menstrual
cycle, and body mass index (BMI). Second, the possi-
ble association between the severity of NSSI symptoms
and inflammatory indicators was not evaluated. Third,
other indicators of immune functions, such as CRP
and interleukins, were not evaluated. Fourth, the par-
ticipants were recruited by convenience sampling from
one hospital, which may bring about selection bias and
decrease the representativeness of the sample. Finally,
the present study is a cross-sectional study with a small
sample size, which precluded us from identifying any
causal relationship between the inflammatory indica-
tors and NSSIL

Conclusion

Through this study, we have found that systemic
inflammation, as indicated by elevated MLR and PLR,
was strongly associated with NSSI among adolescents.
It is possible that the levels of biomarkers change with
NSSI-related processes.

Abbreviations

NLR: Neutrophil-lymphocyte ratio; MLR: Monocyte-lymphocyte ratio; PLR:
Platelet-lymphocyte ratio; NSSI: Non-suicidal self-injury; ROC: Receiver operat-
ing characteristic; DSM-5: The Diagnostic and Statistical Manual of Mental
Disorders; SA: Suicide attempts; TNF-a: Tumor necrosis factor a; CRP: C-reactive
protein; WBC: White cell count; IL-6: Interleukin-6; MDD: Major depressive
disorder; BD: Bipolar disorder; ADHD: Attention-deficit hyperactivity disorder;
AD: Anxiety disorders; ICD-10: The International Classification of Diseases 10"
Revision; ORs: Odds ratios; Cl: Confidence interval; MPV: Mean platelet volume;
5-HT, ,: Serotonin receptors; 5-HTTLPR: Serotonin transporter gene polymor-
phism; 5-HTT: Serotonin transporter; NSAIDs: Nonsteroidal anti-inflammatory
drugs; BMI: Body mass index.

Acknowledgements
The authors would like to thank all of the participants for their contribution to
this study.

Authors’ contributions

QZ, XC, and BL codesigned the topic. YJ helped collect the data. JL and QZ
contributed to the data analysis. QZ drafted and edited the manuscript. YZ,
BL, and XC contributed valuable suggestions to the conception of the article
and critically revised the manuscript. All authors approved the final version of
the article.

Funding
This study is supported by the Medical and health care guideline project in
Xiamen, China (No. 35027202147D1280).



Zheng et al. BMC Psychiatry (2022) 22:618

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available data and anonymity but are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the ethics committee of Xiamen Xianyue Hospital
(No. 2021-KY-06). Written informed consent was obtained from the patients’
parents or legal guardians. All methods were performed in accordance with
the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 21 May 2022 Accepted: 14 September 2022
Published online: 19 September 2022

References

1. Brown RC, Plener PL. Non-suicidal Self-Injury in Adolescence. Curr Psy-
chiatry Rep. 2017;19(3):20.

2. Association AP: Other Conditions That May Be a Focus of Clinical Atten-
tion. In: Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition Volume 2, edn. U.S.; 2013:803-6.

3. Rojas-Velasquez DA, Pluhar El, Burns PA, Burton ET. Nonsuicidal self-injury
among African American and hispanic adolescents and young adults: a
systematic review. Prev Sci. 2021;22(3):367-77.

4. Lim KS, Wong CH, McIntyre RS, Wang J, Zhang Z, Tran BX, et al. Global
lifetime and 12-month prevalence of suicidal behavior, deliberate
self-harm and non-suicidal self-injury in children and adolescents
between 1989 and 2018: a meta-analysis. Int J Environ Res Public Health.
2019;16(22):4581.

5. Wang C, Zhang P, Zhang N. Adolescent mental health in China requires
more attention. Lancet Public Health. 2020;5(12): e637.

6. Mars B, Heron J, Klonsky ED, Moran P, O'Connor RC, Tilling K, Wilkinson P,
et al. Predictors of future suicide attempt among adolescents with sui-
cidal thoughts or non-suicidal self-harm: a population-based birth cohort
study. Lancet Psychiatry. 2019;6(4):327-37.

7. Branas M, Croci MS, Ravagnani Salto AB, Doretto VF, Martinho E Jr, et al.
Neuroimaging studies of nonsuicidal self-injury in youth: a systematic
review. Life (Basel). 2021;11(8):729.

8. Chesin MS, Galfavy H, Sonmez CC, Wong A, Oquendo MA, Mann JJ, et al.
Nonsuicidal self-injury is predictive of suicide attempts among individu-
als with mood disorders. Suicide Life Threat Behav. 2017;47(5):567-79.

9. Voss C, Hoyer J, Venz J, Pieper L, Beesdo-Baum K. Non-suicidal self-injury
and its co-occurrence with suicidal behavior: an epidemiological-
study among adolescents and young adults. Acta Psychiatr Scand.
2020;142(6):496-508.

10. Kim JS, Kang E-S, Bahk YC, Jang S, Hong KS, Baek JH. Exploratory analysis
of behavioral impulsivity, pro-inflammatory cytokines, and resting-state
frontal EEG activity associated with non-suicidal self-injury in patients
with mood disorder. Front Psych. 2020;11:124.

11. Osimo EF, Cardinal RN, Jones PB, Khandaker GM. Prevalence and corre-
lates of low-grade systemic inflammation in adult psychiatric inpatients:
an electronic health record-based study. Psychoneuroendocrinology.
2018;91:226-34.

12. Russell AE, Ford T, Gunnell D, Heron J, Joinson C, Moran P, et al. Inves-
tigating evidence for a causal association between inflammation and
self-harm: a multivariable Mendelian Randomisation study. Brain Behav
Immun. 2020;89:43-50.

13. Mazza MG, Lucchi S, Rossetti A, Clerici M. Neutrophil-lymphocyte ratio,
monocyte-lymphocyte ratio and platelet-lymphocyte ratio in non-
affective psychosis: a meta-analysis and systematic review. World J Biol
Psychiatry. 2020;21(5):326-38.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

Page 7 of 8

Mazza MG, Lucchi S, Tringali AGM, Rossetti A, Botti ER, Clerici M. Neutro-
phil/lymphocyte ratio and platelet/lymphocyte ratio in mood disorders:
a meta-analysis. Prog Neuropsychopharmacol Biol Psychiatry. 2018;84(Pt
A):229-36.

Nalbant A, Kaya T, Varim C, Yaylaci S, Tamer A, Cinemre H. Can the neutro-
phil/lymphocyte ratio (NLR) have a role in the diagnosis of coronavirus
2019 disease (COVID-19)? Rev Assoc Med Bras (1992). 2020;66(6):746-51.
Liu D, Czigany Z, Heij LR, Bouwense SAW, van Dam R, Lang SA, et al. The
Value of platelet-to-lymphocyte ratio as a prognostic marker in Cholan-
giocarcinoma: a systematic review and meta-analysis. Cancers (Basel).
2022;14(2):438.

Angkananard T, Anothaisintawee T, McEvoy M, Attia J, Thakkinstian A.
Neutrophil lymphocyte ratio and cardiovascular disease risk: a systematic
review and meta-analysis. Biomed Res Int. 2018;2018:2314-6133.

Aktas G, Duman T, Atak B, Kurtkulagi O, Bilgin S, Basaran E, et al. Irritable
bowel syndrome is associated with novel inflammatory markers derived
from hemogram parameters. Fam Medi Prim Care Rev. 2020;22(2):107-10.
Duman TT, Aktas G, Atak BM, Kocak MZ, Erkus E, Savli H. Neutrophil to
lymphocyte ratio as an indicative of diabetic control level in type 2 diabe-
tes mellitus. Afr Health Sci. 2019;19(1):1602-6.

Atak B, Aktas G, Duman TT, Erkus E, Kocak MZ, Savli H. Diabetes control
could through platelet-to-lymphocyte ratio in hemograms. Rev Assoc
Med Bras (1992). 2019;5(1):38-42.

Cheng Y, Wang Y, Wang X, Jiang Z, Zhu L, Fang S. Neutrophil-to-lympho-
cyte ratio, platelet-to-lymphocyte ratio, and monocyte-to-lymphocyte
ratio in depression: an updated systematic review and meta-analysis.
Front Psychiatry. 2022;13: 893097.

Avcil S. Evaluation of the neutrophil/lymphocyte ratio, platelet/lympho-
cyte ratio, and mean platelet volume as inflammatory markers in children
with attention-deficit hyperactivity disorder. Psychiatry Clin Neurosci.
2018;72(7):522-30.

Uzun N, Akinci MA. Hemogram parameters in childhood anxiety
disorders: could anxiety disorders be related with inflammation? Med
Hypotheses. 2021;146: 110440.

Ozyurt G, Binici NC. The neutrophil-lymphocyte ratio and platelet-
lymphocyte ratio in adolescent obsessive-compulsive disorder: does
comorbid anxiety disorder affect inflammatory response? Psychiatry Res.
2019;272:311-5.

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

Ekinci O, Ekinci A. 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. Nord J
Psychiatry. 2017;71(8):574-80.

Ivkovic M, Pantovic-Stefanovic M, Dunjic-Kostic B, Jurisic V, Lackovic M,
Totic-Poznanovic S, et al. Neutrophil-to-lymphocyte ratio predicting
suicide risk in euthymic patients with bipolar disorder: moderatory effect
of family history. Compr Psychiatry. 2016;66:87-95.

Kumar K, Srivastava S, Sharma B, Avasthi RK, Kotru M. Comparison
between inflammatory biomarkers (high-sensitivity c-reactive protein
and neutrophil-lymphocyte ratio) and psychological morbidity in suicide
attempt survivors brought to medicine emergency. Cureus. 2021;13(8):
e17459.

Arafat SMY, Karim A, Hossain MF, Menon V, Shoib S. Neutrophil-
to-lymphocyte ratio and C-reactive protein in non-fatal suicidal
attempts: a cross-sectional pilot study in Bangladesh. Health Sci Rep.
2021;4(3): e347.

Puangsri P, Ninla-Aesong P. Potential usefulness of complete blood count
parameters and inflammatory ratios as simple biomarkers of depression
and suicide risk in drug-naive, adolescents with major depressive disor-
der. Psychiatry Res. 2021;305: 114216.

Spiteri AG, Wishart CL, Pamphlett R, Locatelli G, King NJC. Microglia and
monocytes in inflammatory CNS disease: integrating phenotype and
function. Acta Neuropathol. 2022;143(2):179-224.

Ozdin S, Sarisoy G, Boke O. A comparison of the neutrophil-lymphocyte,
platelet-lymphocyte and monocyte-lymphocyte ratios in schizophrenia
and bipolar disorder patients - a retrospective file review. Nord J Psychia-
try. 2017;71(7):509-12.

Inanli I, Aydin M, Caliskan AM, Eren I. Neutrophil/lymphocyte ratio,
monocyte/lymphocyte ratio, and mean platelet volume as systemic



Zheng et al. BMC Psychiatry

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

50.

51

52.

53.

54.

55.

(2022) 22:618

inflammatory markers in different states of bipolar disorder. Nord J
Psychiatry. 2019;73(6):372-9.

Fusar-Poli L, Natale A, Amerio A, Cimpoesu P, Grimaldi Filioli P, Aguglia E,
et al. Neutrophil-to-lymphocyte, platelet-to-lymphocyte and monocyte-
to-lymphocyte ratio in bipolar disorder. Brain Sci. 2021;11(1):58.

WeiY, Feng J, Ma J, Chen D, Chen J. Neutrophil/ lymphocyte, platelet/
lymphocyte and monocyte/ lymphocyte ratios in patients with affective
disorders. J Affect Disord. 2022,309:221-8.

Garcia-Rizo C, Casanovas M, Fernandez-Egea E, Oliveira C, Meseguer A,
Cabrera B, et al. Blood cell count in antipsychotic-naive patients with
non-affective psychosis. Early Interv Psychiatry. 2019;13(1):95-100.

Calcia MA, Bonsall DR, Bloomfield PS, Selvaraj S, Barichello T, Howes OD.
Stress and neuroinflammation: a systematic review of the effects of stress
on microglia and the implications for mental illness. Psychopharmacol-
ogy. 2016;233(9):1637-50.

Dahlgren MK, Hooley JM, Best SG, Sagar KA, Gonenc A, Gruber SA.
Prefrontal cortex activation during cognitive interference in nonsuicidal
self-injury. Psychiatry Res Neuroimaging. 2018;277:28-38.

Beauchaine TP, Sauder CL, Derbidge CM, Uyeji LL. Self-injuring adolescent
girls exhibit insular cortex volumetric abnormalities that are similar to
those seen in adults with borderline personality disorder. Dev Psycho-
pathol. 2019;31(4):1203-12.

Cognasse F, Laradi S, Berthelot P, Bourlet T, Marotte H, Mismetti P, et al.
Platelet inflammatory response to stress. Front Immunol. 2019;10:1478.
Rawish E, Nording H, Munte T, Langer HF. Platelets as mediators of neuro-
inflammation and thrombosis. Front Immunol. 2020;11:1664-3224.
Koupenova M, Clancy L, Corkrey HA, Freedman JE. Circulating platelets
as mediators of immunity, inflammation, and thrombosis. Circ Res.
2018;122(2):337-51.

Everts P, Onishi K, Jayaram P, Lana JF, Mautner K. Platelet-rich plasma: new
performance understandings and therapeutic considerations in 2020. Int
J Mol Sci. 2020;21(20):7794.

Mammadova-Bach E, Mauler M, Braun A, Duerschmied D. Autocrine

and paracrine regulatory functions of platelet serotonin. Platelets.
2018;29(6):541-8.

Schoenichen C, Bode C, Duerschmied D. Role of platelet seroto-

nin in innate immune cell recruitment. Front Biosci (Landmark Ed).
2019;24(3):514-26.

Ohmura Y, Tsutsui-Kimura |, Sasamori H, Nebuka M, Nishitani N, Tanaka
KF, et al. Different roles of distinct serotonergic pathways in anxiety-like
behavior, antidepressant-like, and anti-impulsive effects. Neuropharma-
cology. 2020;167: 107703.

Bacque-Cazenave J, Bharatiya R, Barriere G, Delbecque JP, Bouguiyoud N,
Di Giovanni G, et al. Serotonin in animal cognition and behavior. Int J Mol
Sci. 2020;21(5):1649.

da Cunha-Bang S, Knudsen GM. The modulatory role of serotonin on
human impulsive aggression. Biol Psychiatry. 2021;90(7):447-57.

Hamza CA, Willoughby T, Heffer T. Impulsivity and nonsuicidal self-injury:
a review and meta-analysis. Clin Psychol Rev. 2015;38:13-24.

Fink LH, Anastasio NC, Fox RG, Rice KC, Moeller FG, Cunningham KA.
Individual differences in impulsive action reflect variation in the corti-

cal serotonin 5-HT2A receptor system. Neuropsychopharmacology.
2015;40(8):1957-68.

Kojima K, Hirano S, Kimura Y, Seki C, Ikoma Y, Takahata K; et al. Brain
5-HT2A receptor binding and its neural network related to behavioral
inhibition system. Brain Imaging Behav. 2022;16(3):1337-48.

Gorodetsky E, CarliV, Sarchiapone M, Roy A, Goldman D, Enoch MA. Pre-
dictors for self-directed aggression in Italian prisoners include external-
izing behaviors, childhood trauma and the serotonin transporter gene
polymorphism 5-HTTLPR. Genes Brain Behav. 2016;15(5):465-73.
Dellu-Hagedorn F, Rivalan M, Fitoussi A, De Deurwaerdere P. Inter-indi-
vidual differences in the impulsive/compulsive dimension: deciphering
related dopaminergic and serotonergic metabolisms at rest. Philos Trans
R Soc Lond B Biol Sci. 2018;373(1744):20170154.

Wood EK, Kruger R, Day JP, Day SM, Hunter JN, Neville L, et al. A nonhu-
man primate model of human non-suicidal self-injury: serotonin-
transporter genotype-mediated typologies. Neuropsychopharmacology.
2022;47(6):1256-62.

Zahorec R. Neutrophil-to-lymphocyte ratio, past, present and future
perspectives. Bratis| Lek Listy. 2021;122(7):474-88.

56.

57.

58.

59.

60.

61.

62.

Page 8 of 8

Velasco A, Rodriguez-Revuelta J, Olie E, Abad |, Fernandez-Pelaez A,
Cazals A, et al. Neutrophil-to-lymphocyte ratio: a potential new peripheral
biomarker of suicidal behavior. Eur Psychiatry. 2020;63(1): e14.

Turkmen K, Erdur FM, Ozcicek F, Ozcicek A, Akbas EM, Ozbicer A, et al.
Platelet-to-lymphocyte ratio better predicts inflammation than neutro-
phil-to-lymphocyte ratio in end-stage renal disease patients. Hemodial
Int. 2013;17(3):391-6.

Wang J, Zhang F, Jiang F, Hu L, Chen J, Wang Y. Distribution and reference
interval establishment of neutral-to-lymphocyte ratio (NLR), lymphocyte-
to-monocyte ratio (LMR), and platelet-to-lymphocyte ratio (PLR) in
Chinese healthy adults. J Clin Lab Anal. 2021;35(9): €23935.

DeCou CR, Comtois KA, Landes SJ. Dialectical behavior therapy is effec-
tive for the treatment of suicidal behavior: a meta-analysis. Behav Ther.
2019;50(1):60-72.

Shawler LA, Russo SR, Hilton JL, Kahng S, Davis CJ, Dorsey MF. Behav-
joral treatment of self-Injury: 2001 to 2016. Am J Intellect Dev Disabil.
2019;124(5):450-69.

Plener PL, Fegert JM, Kaess M, Kapusta ND, Brunner R, Groschwitz

RC, et al. Nonsuicidal self-injury in adolescence: a clinical guideline

for diagnostics and therapy. Z Kinder Jugendpsychiatr Psychother.
2017;45(6):463-74.

Lehrer S, Rheinstein PH. Nonsteroidal anti-inflammatory drugs

(NSAIDs) reduce suicidal ideation and depression. Discov Med.
2019;28(154):205-12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Elevated levels of monocyte-lymphocyte ratio and platelet-lymphocyte ratio in adolescents with non-suicidal self-injury
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants
	Data collection
	Statistical analysis

	Results
	Discussion
	MLR
	PLR
	NLR
	Cut-off values of MLR and PLR
	Limitations

	Conclusion
	Acknowledgements
	References


