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Introduction
Substance use disorder (SUD), involving cannabis, opioids, cocaine, and amphetamines, is a
major public health issue that affects both individuals and communities [1]. The 2019 report of the
United Nations Office for Drugs and Crime states that deaths and disability-adjusted life years related
to drug use have nearly doubled in the last 30 years and that 5.5% of individuals globally had used
drugs at least once in the previous year was reported [2]. It was estimated that globally, 12.6 million
students aged 15-16 used any drugs in 2017 [2].
Once-off substance use is not considered to constitute substance addiction. Substance abuse
usually begins with adolescents subject to peer effects trying drugs for the first time. In some, this
escalates into maintenance of a drug habit, abuse, and, eventually, addiction [3]. Many risk factors for
substance abuse have been identified; however, the pathophysiology of addiction has not yet been fully
understood [3]. Recent studies have shown that immune dysregulation in proinflammatory and
regulatory processes may play a role in addiction. Bowers and Kalivas [4] and Kalivas et al. [5] found
that after 3 weeks of acute cocaine administration, expression of the glial fibrillary acidic protein and
vimentin 3 increased. These proteins facilitate neuronal migration, modulate the formation of synapses,
and regulate synaptic strength. In a study of 10 chronic cocaine abusers and nine controls, Little et al.
[6] found that the density of activated macrophages and microglia was greater in the midbrains of
abusers than in the midbrains of controls. Similarly, opioids have been found to affect the immune
system directly by affecting macrophages and lymphocytes and indirectly by causing changes in central
nervous system that cause neurotoxicity. Raghavendra et al. [7] found substantial increases in glial cell
over-activation and levels of proinflammatory cytokines, such as IL-1β, TNF-α, and IL-6, in a
neuropathic rodent model of chronic morphine treatment. A significantly increased neutrophil count

and a significant reduction in lymphocytes have also been found in heroin addicts [8,9]. These results
suggest a possible relationship between psychostimulant and opioid use and inflammatory processes.
The inflammatory process is complex and regulated by a number of soluble molecules such as
cytokines, chemokines, and acute phase proteins [10]. It has been determined that patients with
psychiatric disorders such as major depressive disorder (MDD), schizophrenia (SZ), and bipolar
disorder (BD) have increased levels of proinflammatory immune markers and that an activated
inflammatory system has a key role in these disorders [11-13]. Although proinflammatory cytokines are
produced in the peripheral system, they have been shown to affect the immune cells and mediators in
the central nervous system and increase inflammatory responses in the central nervous system [10]. In
addition, elevated levels of proinflammatory cytokines have been found in the cerebrospinal fluid and
postmortem brain tissue of patients with MDD and SZ [10].
Many studies on the relationship between psychiatric disorders and inflammation have used the
neutrophil-lymphocyte ratio (NLR) and the platelet-lymphocyte ratio (PLR) as parameters to indicate
inflammation because they can be easily and cost-effectively obtained from a complete blood count
analysis. It has been found that NLR, an indicator of subclinical inflammation, is associated with
psychiatric disorders including SZ, MDD, BD, and obsessive compulsive disorder (OCD) [8,14-16]. In
cases of systemic inflammation, platelets also increase in number due to endothelial damage. Like NLR,
PLR is an index of inflammatory balance; it has also been found to increase in individuals with
psychiatric disorders such as MDD, BD, and SZ [17,18].
To date, no study has evaluated NLR and PLR in adolescents with SUD. The aim of the current
study was to examine immune system dysregulation in adolescents with SUD by assessing NLR and
PLR. We hypothesized that NLR and PLR would be higher in adolescents with SUD than in healthy
controls.
Method
Participants

This study was conducted with 55 male adolescents aged 12–18 with SUD and 61 healthy male
adolescents in the same age range. Psychiatric evaluation of all participants was carried out using the
5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) and psychiatric
interviews was based on the Schedule for Affective Disorders and Schizophrenia for School-Age
Children-Present and Lifetime Version-Turkish Adaptation [19,20]. Patients who had comorbid
psychiatric disorders were included in the study. However, those who had received any psychotropic
medication were excluded.
Records of all participants were examined to assess their physical health based on clinical
examinations and laboratory tests. The exclusion criteria for both groups were as follows: obesity
(body mass index [BMI] > 30 kg/m2), presence of acute or chronic medical disorder, including acute or
chronic inflammatory disease, concomitant use of any medications, abnormal vital signs (e.g., fever) or
laboratory test results (e.g., showing anemia, leukopenia). In the study, blood samples taken routinely
from the patients after 12 hours of fasting in the outpatient follow-up were used. For both SUD group
and control group, NLR was obtained by dividing the absolute value of peripheral neutrophil count by
lymphocyte count based on standard laboratory panel data. Similarly, PLR was obtained by dividing
the absolute value of platelet count by lymphocyte count based on standard laboratory panel data.
The study was approved by the Firat University Non-Interventional Research Ethics Committee
(Report number:2020/11-11) and conducted in accordance with the principles of the Helsinki
Declaration.
Statistical Analysis
The statistical analyses were conducted using the SPSS version 22.0 for Windows software
package. The categorical variables of the participants were presented using number and percentage
values. Chi-square test was used to compare categorical variables, and the Kolmogorov–Smirnov test
was used to evaluate the normality of the data distributions. Independent samples T test was used to
compare normally distributed variables, and the Mann–Whitney U test was used to compare variables

that were not normally distributed. The potential predictive effects of variables on NLR and PLR were
evaluated by stepwise linear regression analysis. Before the regression analysis, variables that did not
display normal distribution were log-transformed. A value of p<0.05 (two-tailed) was considered to
indicate significance. Bonferroni correction was used to obtain the significance level.
Results
The mean ages of the SUD sample (n = 55) and control group (n = 61) were determined as 16
(%50 = 16) and 16 (%50 = 16) years, respectively. There was no significant difference between the
SUD and control groups in terms of age (Z = 0.85, p = 0.39). The mean age of substance use onset was
13.82 ± 1.4 years and the mean duration of the disorder at the time of the study was 2.83 ± 1.34 years.
Approximately 75% (n = 41) of the cases in the SUD sample had used more than one substance. The
most frequently used substances were cannabis (76.4%), ecstasy (50.9%), volatile substances (30.9%),
and heroin (20%). In addition, 85.5% of the cases used cigarettes. The characteristics of the adolescents
with SUD regarding substance use are presented in Table 1.
Of the cases diagnosed with SUD, 65.5% (n = 36) of the cases had at least one comorbid
psychiatric disorder. The most common comorbid psychiatric disorders were conduct disorder (CD) (n
= 23), MDD (n = 20), and attention deficit/hyperactivity disorder (ADHD) (n = 9). The data on
comorbid psychiatric disorders are presented in Table 2.
As Table 3 shows, the neutrophil count was higher in adolescents with SUD (median 4.09; 25%
= 3.34; 75% = 5.23) than in the control group (median 3.63; 25% = 3.18; 75% = 4.40), and the
lymphocyte count was lower in adolescents with SUD (median 2.38; 25% = 2; 75% = 2.98) than in the
control group (median 2.68; 25% = 2.33; 75% = 3.16). The platelet count was similar in both groups
(median 258,000; 25% = 226,000; 75% = 303,000 in adolescents with SUD and median 262,000; 25%
= 222,000; 75% = 287,500 in the control group). There was no statistically significant difference
between the groups in terms of neutrophil, platelet and the lymphocyte counts.

The median NLR was 1.65 for the SUD participants and 1.44 for the healthy controls. The
median PLR was found 111.05 for the SUD participants and 92.39 for the healthy controls. The results
of the Mann–Whitney U test showed that both NLR and PLR were significantly higher in the
adolescents with SUD than in the control group (p = 0.006, p = 0.007, respectively). The effects of
various variables on NLR and PLR were evaluated by stepwise linear regression analysis. Log
transformation was performed to ensure normal distribution before regression. The log-transformed
NLR and PLR values were examined by an independent samples T test before regression, and both
were found to be significantly higher in the adolescents with SUD than in the control group (p = 0.005,
p = 0.009, respectively). Substance use was found to have a potential predictive effect on the logtransformed NLR and PLR values. However, no potential predictive effects of the duration of SUD or
the presence of the comorbid conditions CD, MDD, and ADHD on log-transformed NLR (p = 0.72, p =
0.51, p = 0.58, p = 0.39, respectively) or log-transformed PLR (p = 0.83, p = 0.21, p = 0.34, p = 0.35,
respectively) were detected in the regression analysis (Table 4).
Discussion
The current study examined whether NLR and PLR were related to SUD in adolescents. The
results show statistically significant difference in NLR and PLR between adolescents with SUD and
healthy controls. To our knowledge, this is the first study to investigate NLR and PLR in adolescents
with SUD.
Neutrophils, lymphocytes, and platelets have an important role in controlling inflammation, and
systemic inflammation is associated with the blood levels of these cells (i.e., neutrophilia, lymphopenia,
and thrombocytosis) [21]. Neutrophils are the first responders in the immune defense system; they
demonstrate phagocytic and apoptotic activity via synthesis of proinflammatory molecules [22].
Therefore, it has been suggested that neutrophil counts are an important indicator of chronic
inflammation [23]. By contrast, lymphocytes play an important role in regulating, controlling, and
inhibiting the inflammatory process. In conclusion, NLR is important for evaluating the inflammatory

process as it provides information about neutrophils, which are responsible for inflammation
progression, and lymphocytes, which are responsible for inflammation regulation [21]. Platelets, which
regulate endothelial permeability and the recruitment of neutrophils and macrophages, are another firstline inflammatory marker [24]. It has been determined that increased platelet levels are closely
associated with proinflammatory molecules and acute phase reactants [25]. The high platelet count
contributes to increasing the destructive effect of the proinflammatory process [26]. Hence, PLR is
another marker of the inflammatory process.
Previous studies have found associations between both NLR and PLR and several psychiatric
disorders, including SZ, BD, MDD, and OCD [8,16,27,28]. Ozyurt et al. [16] determined that the NLR
and PLR of adolescent patients with OCD were higher than in adolescents with no psychiatric disorders.
In addition, they found that the NLR was higher in adolescents with OCD and comorbid anxiety
disorder than in either healthy controls or adolescents with pure OCD. Previous studies investigating
the relationship between manic episodes and NLR in patients with BD found that NLR was increased
in patients with manic episodes [27-29]. In their study, conducted with 61 manic and 55 euthymic
patients and 54 control cases, Kalelioğlu et al. [28] found that NLR and PLR were significantly higher
in both manic and euthymic bipolar patients than in the control group. Similarly, in a study of 41 MDD
patients, Demir et al. [30] determined that NLR was high in patients with depression.
Studies investigating inflammatory markers in patients with addiction have shown that levels of
cytokines, acute phase reactants, and immunoglobulin G-M are higher in addicted individuals than
healthy controls. In a study conducted with 34 heroin-addicted patients receiving methadone treatment,
Chan et al. [31] found increased production of IL-1β, IL-6, and IL-8 in the group of addicted patients.
In addition, Chen et al. [32] found that the plasma levels of TNF-α and IL-8 were significantly higher
in heroin addicts than in healthy controls. Cicek et al. [23], in their study with 90 male patients with
heroin addiction, also found that mean NLR and PLR and neutrophil and platelet counts were

significantly higher in heroin-addicted patients than in healthy controls. Another study conducted with
107 patients with cocaine use disorder revealed that NLR was significantly higher in samples from
cocaine users than in those from non-cocaine users [33]. Similar to these previous studies, the current
study found that NLR and PLR were significantly higher in adolescents with SUD than in healthy
controls. However, 65% of adolescents with SUD included in this study also had comorbid psychiatric
disorders. As explained above, many psychiatric disorders have been associated with high NLR and
PLR. Although no studies on the relationship between NLR and CD, which was the most common
comorbid psychiatric disorder in this study, could be found, NLR and PLR have been found to be high
in individuals with MDD and ADHD [30,34]. A regression analysis was carried out to evaluate a
potential predictive effect of comorbid psychiatric disorders on the log-transformed NLR and PLR
values; no potential predictive effect was determined. These results show that the between-group
differences in NLR and PLR were due to substance use. Although neutrophil and platelet counts were
higher in adolescents with SUD compared to the control group, no statistical difference was found
between the groups. A possible reason for this may be that the duration of substance use is generally
shorter in adolescents than in adults. Therefore, we propose that NLR and PLR can be used as a marker
of inflammation in the early stage of SUD.
Inflammation caused by substances in the brain may adversely affect the neuronal development
of the brain during adolescence, leading to impaired self-regulation, impulse control, and executive
decision-making abilities. Such impairment in this developmental stage may also increase the risk of
substance addiction. Indeed, Pumariega et al. [35] reported that the onset of substance use early in life
is linked to a greater risk of substance dependence in later periods of life. Another major problem in
adolescents is multi-drug use, which leads to greater frequency of substance use [36]. This may be due
to the fact that multiple substance use causes more inflammation and, hence, has a greater negative
effect on brain development. Another finding that indicates a possible role of inflammatory
dysregulation in addiction is that of a gender difference in both the development of addiction and the

severity of its symptoms and consequences. It has been reported that addiction development is faster
and negative consequences and addiction symptoms more severe in females than in males [37-39].
These results may be due to the difference in gender differences in inflammatory responses. Females
have been shown to produce a stronger inflammatory response than males [40], which may explain
why addiction is more severe in females. Because of this stronger inflammatory response, we expect
that females with SUD may also have higher NLR and PLR. Moreover, it has been reported that
minocycline, a second-generation tetracycline that has powerful anti-inflammatory and neuroprotective
properties, reduced neurotoxicity in the hippocampus and striatum by inhibiting microglial activation
aroused after repeated administration of ecstasy and methamphetamine [41,42]. Yazdi et al. [41]
determined that in rats, daily minocycline injections during the extinction period blocked the
persistence of the methamphetamine rewarding effect. In addition, a study carried out with healthy
participants found that minocycline reduces the subjective rewarding effects of dextroamphetamine
[43]. It has been suggested that these positive effects of minocycline occur via its effects on dopamine
and glutamate transmission in the striatum and its inhibitory effect on microglial activation and
neurotoxicity, the nitric oxide synthase enzyme, and the p38 mitogen-activated protein kinase signaling
pathway [41,43]. These results suggest that early prevention of inflammation in adolescents who use
substances may prevent the development of substance addiction in later periods.
However, this is the first study to investigate NLR and PLR in adolescents with SUD, and it has
certain limitations. The primary limitation of our study is that the cross-sectional and retrospective
nature of the study does not enable us to examine the continuity of the results. The secondly limitation
is the small sample size, which does not allow generalization of the study results. Other limitations of
the study were that all of the participants were males, that the participants had comorbid psychiatric
disorders, that other inflammatory markers such as proinflammatory cytokines and acute phase
reactants were not evaluated, and that participants could not be evaluated according to the type of
substance they used because of the small sample size.

In conclusion, this study shows that NLR and PLR levels were statistically significantly higher
in adolescents with SUD compared to healthy adolescents, which indicates that inflammatory
dysregulation may have a key role in the pathophysiology of SUD in adolescents. If inflammatory
dysregulation is one of the underlying mechanisms in the development of SUD, anti-inflammatory
agents may be a promising treatment option for substance abuse. Further longitudinal studies with
larger samples including male and female subjects are needed to elucidate the association between
SUD and high NLR and PLR.
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Table 1. The characteristics of the adolescents with SUD regarding substance use

Cigarette using
Benzodiazepine using
Heroin using
Bonsai using
Volatile substance using
Ecstasy using
Cannabis using
More than one substance using

Onset age of substance use
Duration of substance use

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

n
8
47
50
5
44
11
46
9
38
17
27
28
13
42
14
41
Mean
13.82
2.83

%
14.5
85.5
90.9
9.1
80
20
83.6
16.4
69.1
30.9
49.1
50.9
23.6
76.4
25.5
74.5
SD
1.40
1.34

Table 2. Comorbid psychiatric disorders of adolescents with SUD (n = 36)

Comorbid psychiatric disorder
Depressive disorder
Conduct disorder
Attention deficit hyperactivity disorder
Anxiety Disorders
Psychotic disorder

n
20
23
9
3
2

%
36.4
41.8
16.4
5.4
3.6

Table 3. Comparison of blood count parameters and age between adolescents with SUD and healthy
controls
SUD group
Control group
25th
Median
75th
25th
Median
75th
Z
Pa
quarties
quarties quarties
quarties
Age
PLT
NEU
LYM
NLR
PLR

16
17
17
16
17
17
-0.85
0.392
226
258
303
222
262
287.5
-0.36
0.715
3.34
4.09
5.23
3.18
3.63
4.40
-1.86
0.062
2.00
2.38
2.98
2.33
2.68
3.16
-2.34
0.019
1.17
1.65
2.18
1.10
1.44
1.68
-2.73
0.006
86.11
111.05
130.62
83.75
92.39
107.28
-2.67
0.007
Mean
SD
Mean
SD
F
Pb
LnxNLR
0.52
0.45
0.30
0.27
8.13
0.005
LnxPLR
4.67
0.35
4.55
0.24
7.15
0.009
a: p value from Mann-Whitney U, b: Independent Sample T Test. PLT, platelete; NEU, neutrophile;
LYM, lymphocyte; NLR, Neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.
Bonferroni corrected significance of pa ≤ 0.008 (0.05/6= 0.008). Bonferroni corrected significance of pb
≤ 0.025 (0.05/2= 0.025).Bold indicates significance (pa ≤ 0.008 and pb ≤ 0.025).

Table 4. Stepwise linear regression analysis for lnx NLR and lnx PLR

Lnx PLR

Lnx NLR
Groups
(SUD)
Age
Duration of the disorder
Depressive disorder
Conduct Disorder
ADHD

β

p

β

p

0.274

0.003

0.217

0.020

0.080
0.059
-0.057
-0.070
-0.081

0.377
0.726
0.584
0.513
0.394

-0.044
-0.036
-0.099
0.136
0.089

0.638
0.832
0.346
0.210
0.359

Adjusted R2 for NLR = 0.067; Adjusted R2 for PLR = 0.039

Table 1. The characteristics of the adolescents with substance use disorder regarding substance use
Variable
Value
Cigarette using
No
8 (14.5)
Yes
47 (85.5)
Benzodiazepine using
No
50 (90.9)
Yes
5 (9.1)
Heroin using
No
44 (80)
Yes
11 (20)
Bonsai using
No
46 (83.6)
Yes
9 (16.4)
Volatile substance using
No
38 (69.1)
Yes
17 (30.9)
Ecstasy using
No
27 (49.1)
Yes
28 (50.9)
Cannabis using
No
13 (23.6)
Yes
42 (76.4)
More than one substance using
No
14 (25.5)
Yes
41 (74.5)
Onset age of substance use
13.82 ± 1.40
Duration of substance use
2.83 ± 1.34
Values are presented as number (%) or mean ± standard deviation.

Table 2. Comorbid psychiatric disorders of adolescents with substance use disorder
Comorbid psychiatric disorder
Value
Conduct disorder

23 (41.8)

Depressive disorder

20 (36.4)

Attention deficit hyperactivity disorder

9 (16.4)

Anxiety Disorders

3 (5.4)

Psychotic disorder

2 (3.6)

Values are presented as number (%).

Table 3. Comparison of blood count parameters and age between adolescents with substance use
disorder group and healthy controls
Variable
SUD group
Control group
Z or F P value
Age
17 (16–17)
17 (16–17)
-0.85
0.392
PLT
258 (226–303)
262 (222–287)
-0.36
0.715
NEU
4.09 (3.34–5.23)
3.63 (3.18–4.40)
-1.86
0.062
LYM
2.38 (2.00–2.98)
2.68 (2.33–3.16)
-2.34
0.019
NLR
1.65 (1.17–2.18)
1.44 (1.10–1.68)
-2.73
0.006
PLR
111.05 (86.11–130.62)
92.39 (83.75–107.28)
-2.67
0.007
LnxNLR
0.52 ± 0.45
0.30 ± 0.27
8.13
0.005
LnxPLR
4.67 ± 0.35
4.55 ± 0.24
7.15
0.009
Values are presented as mean ± standard deviation or median (25th–75th quarties).
PLT, platelete; NEU, neutrophile; LYM, lymphocyte; NLR, Neutrophil-lymphocyte ratio; PLR,
platelet-lymphocyte ratio.
LnxNLR and LnxPLR were compared with independent sample t test, and Mann-Whitney U test was
used for other variables. For independent sample t test, bonferroni corrected significance of p ≤ 0.008
(0.05/6= 0.008). For Mann-Whitney U test, bonferroni corrected significance of p ≤ 0.025 (0.05/2=
0.025).

Table 4. Stepwise linear regression analysis for Lnx NLR and Lnx PLR
Variable
Lnx NLR

Lnx PLR

β

p value

β

p value

0.274

0.003

0.217

0.020

0.080

0.377

-0.044

0.638

Duration of the disorder

0.059

0.726

-0.036

0.832

Depressive disorder

-0.057

0.584

-0.099

0.346

Conduct disorder

-0.070

0.513

0.136

0.210

-0.081
0.394
SUD, substance use disorder; ADHD, attention deficit hyperactivity disorder.
Adjusted R2 for Lnx NLR = 0.067; Adjusted R2 for Lnx PLR = 0.039.

0.089

0.359

Groups
(SUD)
Age

ADHD

