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ARTICLE INFO ABSTRACT

Keywords: Background: Depression is associated with increased levels of pro-inflammatory biomarkers in children and ad-
children olescents. As research to date has primarily focused on inflammatory cytokines, the potential role of white blood
Adolescents

cells (WBCs) and platelets in the inflammatory response is not well understood. This study examines the asso-
ciation of blood cell based inflammatory indices, including the systemic immune-inflammation index (SII), and
depressive symptoms in participants in the Adolescent Brain Cognitive Development Study.

Methods: Adolescents were recruited from community settings and completed self-report measures of depression
symptoms and semi-structured psychiatric interview to determine depression diagnosis. Participants provided
blood samples to obtain absolute counts of neutrophil, lymphocyte, monocyte, and platelet levels for calculation
of inflammatory indices. The association between depression and inflammatory markers was examined while
accounting for participant age, sex, ethnicity, comorbid psychiatric disorder, parental education and annual
household income.

Results: Of 858 participants (mean age: 12.4 & 1.1 years; 45 % female), 101 received a diagnosis of a depressive
disorder. Greater depressive symptoms were significantly associated with higher neutrophil and platelet levels (8
= 0.013 and # = 0.018, respectively) and higher SII (# = 0.012), after adjusting for covariates. Diagnosis of
depression was not associated with WBC levels or indices.

Conclusions: In this community-based sample of adolescents, greater depressive symptoms were associated with
elevated SII and individual white blood cell levels. Future studies using larger, longitudinal clinical samples are
needed to confirm the potential role of the SII in adolescent depression, and the involvement of inflammation in
early-onset depression.
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1. Introduction

Depression is one of the most common mental health disorders
among children and adolescents globally, with higher incident rates
among girls compared to boys [1,2]. Depression can have a significant
impact on life quality, including reduced social connectedness and
decreased school performance, and is a risk factor for poor physical
health [3]. However, the diagnosis of depression in children can be
challenging due to heterogeneous and developmental differences in
presentations, compared with adults [4]. Childhood depression results
from the interaction of multiple biological and psychosocial factors [5].
One biological pathway of interest is the immune system, as inflam-
mation has been reported to be a pathophysiological mechanism of early

onset depression [6]. Indeed, previous research has shown that
depressed children and adolescents exhibit altered cytokine levels,
including increased interleukin 6, decreased tumor necrosis factor
alpha, and decreased interferon gamma concentrations, compared with
healthy controls [7,8].

While research to date has focused on inflammatory cytokines in
investigating the potential role of inflammation in depression, the pro-
cess of acquiring and analyzing inflammatory markers is expensive and
labor-intensive. Assessment of white blood cell concentrations presents
a less demanding alternative as it is part of routinely and commonly used
complete blood counts. White blood cells are part of the innate and
adaptive immune system, secreting inflammatory cytokines as a
response to molecular cues [9,10]. The innate immune system is a
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non-specific defense system that initiates a rapid immune response,
while the adaptive immune system is a memory-based defense mecha-
nism that targets specific pathogenic intruders [10]. A recent
meta-analysis of 27 studies examining levels of various white blood cells
in depressed versus healthy adults found increased counts of neutrophils
and monocytes and decreased counts of lymphocytes in participants
with depression compared to controls [11]. In addition to examining
individual concentrations of white blood cells, newer research has
examined white blood cell ratios and indices to better understand the
balance between the innate and the adaptive immune system. The
neutrophil-to-lymphocyte ratio (NLR), the monocyte-to-lymphocyte
ratio (MLR), and the systemic immune-inflammation index (SII) have
been shown to act as more sensitive indicators of inflammation markers
in adults with psychiatric disorders than individual white blood cell
counts [12-14]. Elevated NLR and MLR indicate an overactive
non-specific immune response due to increased levels of neutrophils and
monocytes, respectively, which play a crucial role in the innate immune
system, and a relative decrease in lymphocyte levels, which are part of
the adaptive immune system [15,16]. The SII has similar characteristics,
however, is thought to better reflect the balance between innate and
adaptive immunity due its inclusion of platelet levels [17]. Platelets
interact with cells of the innate and adaptive immune system, poten-
tially escalating inflammatory processes and autoimmune responses
[18].

Research findings regarding specific white blood cell markers pre-
sent among adolescents with depression have been mixed, with indi-
vidual studies reporting lymphocytes to be either elevated [19] or
unchanged [20-23], reporting neutrophils to be either increased [20,21,
23] or unchanged [22], platelets to be either increased [21,23] or un-
changed [20,22], and NLR to be either increased [20-22] or unchanged
[23] compared with healthy controls. Of white blood cell indices,
research is more limited still, with only one study reporting an increase
in SII among children and adolescents with depression who have
attempted suicide, when compared with depressed youth without a
history of suicide attempt [24]. Reasons for inconsistencies among
previous research may include varying participant age range (i.e.,
depressed children 9-18 years old) and different diagnostic tools for
assessment of a depressive disorder, decreasing comparability between
studies. Moreover, while research in depressed adults has shown that the
SII is a more sensitive index of immune system imbalance, the exami-
nation of this promising biomarker in depressed children and adoles-
cents has received less attention. Thus, the primary objective of this
study was to contribute new insights into the association between the SII
and child and adolescent depression by investigating the association
between depression and white blood cell levels in a community sample
of children and adolescents. The secondary objective was to investigate
potential moderating effects of sex on associations between depression
and white blood cell levels, given the higher prevalence of depression
among girls compared with boys in this age group.

2. Methods
2.1. Participants

This study used de-identified, publicly available participant data
from The Adolescent Brain Cognitive Development ** Study (ABCD
Study®), a longitudinal study of children and adolescents followed from
ages 9-10 years into early adulthood [25]. Participants were recruited
through public and private schools from 21 sites across the United
States, using probability sampling to ensure representation of de-
mographic and socioeconomic characteristics of the general population
[26]. Further information about design and characteristics of the ABCD
study can be found elsewhere [27]. Participants with existing data on
measures of mental health, inflammation, and demographics were
retained. The current study was limited to cross-sectional data from 858
children and adolescents (11-16 years) that participated at one of the
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three timepoints as mental health and blood count data were not
available simultaneously during subsequent time points in the ABCD
Study (data release 5.1). The ABCD Study was approved by the insti-
tutional review boards at all participating institutions. Children and
adolescents provided informed written assent to participate in the study,
while caregivers gave informed written consent.

2.2. Measures

2.2.1. Depression

Diagnosis of depression was determined using the Kiddie Schedule
for Affective Disorders and Schizophrenia (KSADS), a semi-structured
diagnostic interview designed to assess psychiatric disorders among
children and adolescents (7-17 years old) [28]. KSADS assessments from
adolescents and their caregivers were integrated to classify participants
into two groups, defined as 1) depression group (participants or their
caregivers reported a current or lifetime diagnosis of depressive disor-
der) and 2) control group (participants and their caregivers reported no
current or lifetime diagnosis of depressive disorder), as is consistent with
previous literature [29,30]. Caregivers of participants completed the
Child Behavior Checklist (CBCL) to assess the severity of behavioral and
emotional problems [31]. Using the CBCL depression subscale, depres-
sive symptoms norm-referenced T-scores were obtained for the current
analyses and used as continuous measures, with T-scores between 65
and 69 suggesting at-risk symptom levels and T-scores >70 indicative of
clinical significance.

2.2.2. Inflammatory markers

Adolescents provided blood samples for a complete blood count,
which included monocytes, neutrophils, lymphocytes, and platelets. The
NLR (absolute neutrophil count / absolute lymphocyte count), MLR
(absolute monocyte count / absolute lymphocyte count), and SII (NLR *
absolute platelet count) were calculated for all participants.

2.2.3. Covariates

Participant age, sex, ethnicity, and comorbid psychiatric disorder (i.
e., bipolar disorder, schizophrenia, anxiety disorder, obsessive-
compulsive disorder, attention-deficit/hyperactivity disorder, opposi-
tional defiant disorder, conduct disorder, autism spectrum disorder,
post-traumatic stress disorder) as well as parental education and annual
household income were included as covariates. Ethnicity was examined
as European and Non- European ancestry; comorbid psychiatric disorder
was examined as present (any comorbid diagnosis) or absent; parental
education was grouped into high school or less (low) and college or
higher (high) for analyses; annual household income was considered as
< $75,000 USD (low) and > $75,000 USD (high) to indicate participant
socioeconomic status [32].

2.3. Statistical analysis

Data were cleaned and analyzed using R Statistical Software [33,34].
Data analysis was restricted to cross-sectional study design due to the
limited availability of simultaneous mental health and blood count data
at a single time point. Mental health assessments and blood draws were
conducted at the same study visit, on one occasion. [25,27]. For
monocyte levels, neutrophil levels, lymphocyte levels, platelet levels,
NLR, MLR, SII, and depressive symptoms, Pearson’s correlation was
conducted to examine the association between the variables. Since
depression diagnosis was dichotomous, a point-biserial correlation was
calculated to investigate the association with the other continuous
measures. Linear regressions were applied to examine relationships
between depression severity, depression diagnosis, and inflammatory
markers. Based on a meta-analysis showing that the direction of asso-
ciation from childhood depression to inflammation was stronger than
the reverse direction [7], we used separate models to look at associations
between depression severity (continuous) and depression diagnosis
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(coded as 1 = depression diagnosis and 0 = no diagnosis) predicting
inflammatory markers. In detail, model 1 examined the association be-
tween depressive symptoms (measured via CBCL) and inflammatory
markers, while model 2 examined associations between depression
diagnosis (measured via KSADS) and inflammatory markers. For both
models, adjusted analyses were conducted to control for covariates (i.e.,
age, sex, ethnicity, comorbid psychiatric disorder, parental education,
and annual household income). As the prevalence of depression in
adolescence is increased in girls, as compared with boys, secondary data
analyses examined whether the association between either depression
symptom severity or diagnosis and inflammatory outcomes were
moderated by sex.

3. Results
3.1. Participant characteristics

Details of demographic and mental health characteristics of the
participants included in this study can be found in Table 1. The mean age
of participants was 12.4 years (SD = 1.1, Range: 11-16 years), and 45 %
were female. Of the 858 adolescents with complete blood count data,
101 had a clinical diagnosis of a depressive disorder and 757 had no
depression diagnosis. Inflammatory markers, measured as white blood
cell counts and ratios, exhibited normal distribution.

3.2. Correlations between depression and inflammation

Bivariate correlations among depressive symptoms, depression
diagnosis, and inflammatory markers are presented in Table 2. Levels of
monocytes, lymphocytes, neutrophils, and platelets were positively
correlated with one another, ranging from small to medium effects (r =
.13 to .41). As expected, monocyte, neutrophil, and platelet levels were
positively associated with their respective inflammatory ratios (NLR,
MLR) and with the SII (r = .13 to .78), while lymphocyte levels were
negatively correlated with NLR, MLR, and the SII (r = -.30 to -.45)

indices. Depressive symptoms were positively correlated with
Table 1
Participant characteristics by study group.
Total: N = 858 Depressed Control
Sample (n) 101 757
Age - M (SD) 12.7 (1.1) 123 (1.1)
CBCL Dep Score - M (SD) 59.3(9.1) 53.0 (5.0)

Sex at birth

Female - % (n)

Male - % (n)

Ethnicity

European Ancestry - % (1)
Non- European Ancestry - % (n)
Annual Household Income
High ( > 75Kk) - % (n)

Low (<75K) - % (n)

Parent Education

High ( > College) - % (n)

Low (<College) - % (n)
Comorbid Psychiatric Disorder

49.5 % (50)
50.5 % (51)

43.9 % (332)
56.1 % (425)

51.5 % (52)
48.5 % (49)

64.3 % (487)
35.7 % (270)

37.6 % (38)
62.4 % (63)

59.3 % (449)
40.7 % (308)

60.4 % (61)
39.6 % (40)

71.3 % (540)
28.7 % (217)

Bipolar Disorder 10.9 % (11) 7.3 (55)
Schizophrenia 5.0 % (5) 1.3 % (10)
Anxiety Disorder 61.4 % (62) 23.4 % (177)
Obsessive-Compulsive Disorder 17.8 % (18) 5.2 % (39)

25.7 % (26)
25.7 % (26)

Attention-Deficit/Hyperactivity Disorder
Oppositional Defiant Disorder

11.5 % (87)
10.3 % (78)

Conduct Disorder 14.9 % (15) 2.8 % (21)
Autism Spectrum Disorder 27.7 % (28) 14.9 % (113)
Post-Traumatic Stress Disorder 12.9 % (13) 3.4 % (26)

Note. CBCL Dep Score: Child Behavior Checklist depression subscale norm-
referenced T-score (T-score <65 = normal range, T-score 65-69 = at-risk, T-
score >70 = clinical significance). High Annual Household Income: > $75,000
USD. High Parent Education: > College.
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monocyte, neutrophil, and platelet levels as well as the SII (r = .08 to
.11). Depression diagnosis was positively correlated with depressive
symptoms (r = .34) and showed no significant associations with the
inflammatory markers.

3.3. Associations between depressive symptoms and inflammatory
markers

Associations between depressive symptoms and levels of inflamma-
tory markers, after controlling for covariates, are presented in Table 3.
Unadjusted analyses are shown in Supplementary Table 1, and model fit
indices of adjusted and unadjusted models are shown in Supplementary
Table 2. Depressive symptoms were significantly and positively associ-
ated with levels of neutrophils ( = 0.013, p = .03) and platelets (8 =
0.018, p = .004), after adjusting for covariates. Depressive symptoms
were significantly associated with the SII (# = 0.012, p = .04), with
greater depressive symptoms associated with higher SII values, after
adjusting for covariates. There were no significant associations between
depressive symptoms and levels of monocytes and lymphocytes as well
as the NLR or MLR, after adjusting for covariates. Sex was not observed
to moderate the association between depressive symptoms and levels of
monocytes (f = —0.011, p = .32), neutrophils ( = —0.010, p = .36),
lymphocytes (f = —0.0003, p = .98), platelets (f = 0.007, p = .53), NLR
(p=-0.007,p =.56), MLR (8 = —0.009, p = .41), or SII (4 = —0.003, p
=.75).

3.4. Associations between depression diagnosis and inflammatory
markers

Associations between depression diagnosis and levels of inflamma-
tory markers, after controlling for covariates, are presented in Table 3.
Unadjusted analyses are shown in Supplementary Table 1, and model fit
indices of adjusted and unadjusted models are shown in Supplementary
Table 2. Diagnosis of depression was not associated with monocytes,
neutrophils, lymphocytes, or platelets levels, and was not associated
with any of the inflammatory ratios (MLR, NLR or SII). Two-way in-
teractions did not reveal moderating effects of sex on the associations
between depressive diagnosis and levels of monocytes (8 = 0.001, p =
.99), neutrophils (f = —0.197, p = .35), lymphocytes (f = 0.054, p =
.80), platelets (8 = 0.177, p = .40), NLR (8 = —0.201, p = .34), MLR (8 =
—0.007, p = .98), or the SII ( = —0.093, p = .66).

4. Discussion

This study examined the associations between depression, white
blood cell markers and related inflammatory indices in a community
sample of adolescents, and sought to investigate potential moderating
effects of sex on associations between depression and inflammation. The
results demonstrated a positive association between depressive symp-
toms and the SII as well as individual white blood cell levels. However,
sex did not moderate these relationships. These associations were
observed only at the symptom, and not the diagnostic, level.

In this study, depressive symptoms were positively associated with
the SII in a community sample of adolescents. Cui and colleagues also
found a positive association between the SII and depressive symptoms
among depressed children who had attempted suicide [24]. However,
the potential moderating effects of suicidality on the association were
not accounted for, such that whether elevated depressive symptoms
were associated with greater SII values in the absence of suicidal
behavior was unable to be determined. Findings of the current study are
also consistent with those reported in adult samples. For example, in a
cross-sectional study of 29,001 adults in the community, Li and col-
leagues reported positive associations between the SII and depressive
symptoms as well as depression risk [35]. In another study of 1312
adults with a diagnosis of a depressive disorder, individuals with mod-
erate to severe major depression symptoms demonstrated increased SII
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;ilzlr?azte correlations among depression diagnosis, depressive symptoms, and inflammatory markers.
Variable M (SD) 1 2 3 4 5 6 7 8
1. Monocytes 0.50 (0.19)
2. Neutrophils 3.26 (1.39) 0.41**
3. Lymphocytes 2.39 (0.67) 0.26%* 0.13**
4. Platelets 320.60 (81.55) 0.18** 0.29%* 17%*
5. NLR 1.46 (0.76) 0.20** 0.78** —0.45%* 0.13**
6. MLR 0.22 (0.10) 0.71%** 0.29%* —0.42%* 0.05 0.54%*
7. SII 476.14 (303.74) 0.24** 0.76** —0.30** 0.54** 0.87%** 45%*
8. Depressive Symptoms 53.73 (5.98) 0.08* 0.09* .05 0.11%* 0.06 0.04 0.10**
9. Depression Diagnosis 0.12 (0.32) 0.01 0.01 0.02 0.06 0.03 0.02 .04 0.34**

Note. M and SD are used to represent mean and standard deviation, respectively. *

Table 3

Associations between a) depressive symptoms and levels of inflammatory
markers and b) depression diagnosis and levels of inflammatory markers, after
controlling for covariates.

Inflammatory a) Depressive Symptoms b) Depression Diagnosis

Markers B 95 % CI p B 95 % CI p

Monocytes 0.010 —0.001; .08 —0.018  —0.235; .87
0.022 0.200

Neutrophils 0.013 0.001; .03 —0.078 —0.293; .48
0.025 0.137

Lymphocytes 0.010 —0.002; .09 0.094 —0.122; .39
0.022 0.310

Platelets 0.018  0.006; .004 0.102  —0.115; .36
0.029 0.318

NLR 0.005 —0.007; .39 —0.032  —0.248; 77
0.017 0.183

MLR 0.002 —0.010; .73 —0.026  —0.244; .81
0.014 0.192

SII 0.012 0.001; .04 —0.030 —0.244; .79
0.024 0.184

Note. Adjusted models controlled for participant age, sex, ethnicity, comorbid
psychiatric disorder, parental education, and annual household income.

values when compared with those with mild depression symptoms [36].

The observation of an elevated SII in adolescents with increased
depressive symptoms suggests an alteration in the immune system.
Given the composition of the SII, an elevated level of the index indicates
an overactive innate immune system via increased neutrophil and
platelet levels. The significant association between depressive symptoms
and the SII is consistent with previous studies in adult samples reporting
the SII to be a sensitive index of inflammation and a reliable prognostic
factor in several physical health conditions [17,37]. The identification of
a positive association between depression symptoms and SII levels in the
non-clinical sample of adolescents in this study suggests that
pro-inflammatory processes may occur early in the course of depressive
disorders, and possibly prior to making a diagnosis of depression. Thus,
longitudinal research is needed to examine the potential prognostic
value of the SII, and whether this index, measured using routine blood
tests, could aid physicians in predicting onset or course of depression
early in life in the future.

This study did not observe an association between depression diag-
nosis and SII, nor between depression diagnosis and specific white blood

indicates p < .05. ** indicates p < .01.

cell levels or other ratios, possibly due to the small number of partici-
pants with a diagnosis of depression in this community sample.
Depression symptoms, based on parent-report using the CBCL, were
generally within the normal range (i.e., T-score <65) for both the
depressed and control group, suggesting that youth in the depressed
group may have had sub-clinical symptoms, or that the range of symp-
tom severity within the clinical subgroup was limited (i.e., the majority
of youth had symptom severity in the mild range relative to a moderate/
severe range), or representing partial response to treatment. As youth
with depression have been shown to endorse greater symptom severity
than parents detect [38], parent-informants may have under-reported
depressive symptoms on the CBCL which were detected on
semi-structured diagnostic interview [39]. Furthermore, although the
prevalence rate of depression in the current sample is comparable to
rates observed in the general population [40], the relatively small
number of adolescents diagnosed with a depressive disorder in the study
sample may have limited the statistical power needed to detect the as-
sociations examined. The pattern of results observed in the current study
is supported by meta-analytic evidence that continuous measures of
psychopathology (e.g., CBCL) are generally more reliable and valid than
discrete measurement tools (e.g., KSADS), and reduce the sample size
required to obtain statistical power [41]. There is also some evidence to
suggest that the KSADS provides limited information about depressive
symptoms in children, particularly in non-clinical samples [42]. Finally,
the lack of association between depression diagnosis and inflammation
markers may be due to different time periods captured by the measures.
Diagnostic categorization was based on youth- and parent-report of their
most severe depressive episode, which may not have coincided with the
time point at which blood samples were collected. In comparison,
symptom severity reported on the CBCL reflected functioning at the time
of assessment, and occurred simultaneously with blood sample collec-
tion. Future studies in clinical settings are needed to further examine
whether the SII is contemporaneously associated with depression
severity in adolescents with clinically significant depression symptoms
(38).

This study did not observe any moderating effects of sex on the as-
sociations between depression and inflammatory markers. These find-
ings may have been due, in part, to the relatively young age of 12 years
of the participants. In two separate meta-analyses including community-
based cohorts, sex differences in depression began to emerge around 12
years of age, and peaked at 13-15 years of age [43]. It is therefore
possible that the participants in this study did not exhibit sex differences
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in these pathways due to their young age. Prospective studies that follow
early adolescents into adulthood are needed to further examine the
potential moderating effect of sex on the association between depression
and white blood cell markers.

4.1. Strengths and limitations

This study has several strengths, including a robust sample size (858
participants) and a study cohort that represents the general population.
Furthermore, only children and adolescents <18 years were included in
this study to ensure investigation of a pediatric population. However,
there are also limitations to consider. First, this study is cross-sectional
due to the limitations of the ABCD Study® cohort (i.e., mental health
and blood count data were only available simultaneously during a single
time point), and was therefore not able to examine potential directional
relationships between depressive symptoms or diagnosis and specific
white blood cell levels or indices, including the SII. As such, longitudinal
research is needed to address the potential direction of the associations
observed. Second, participants were part of the population-based ABCD
Study® cohort, which represents a community sample rather than a
clinical population. Future studies are encouraged to include clinical
samples of children and adolescents diagnosed with a depressive dis-
order to fully understand the relationship between depression and white
blood cells/inflammatory indices across the full spectrum of depression
severity. Third, the analysis model examining associations between
depressive symptoms and white blood cell markers had greater analyt-
ical power (858 participants) than for depression diagnosis (101 par-
ticipants with a diagnosis), which increased the likelihood of being able
to detect an association between depressive symptoms and the SII as
well as white blood cell levels. Thus, although associations between
depression diagnosis and white blood cell markers may exist, larger
clinical samples are needed to confirm or refute the findings of this study
with respect to depressive illness in children and adolescents. And lastly,
underlying medical conditions that may influence the observed in-
flammatory marker levels and ratios were not included. Given the
relatively low global prevalence of chronic inflammatory diseases
among children and adolescents (0.03-4 % for the five most common
conditions) [44-49], it is unlikely that the observed effects in this study
were impacted by immune-related conditions. However, future studies
are encouraged to include both mental and physical health diagnoses to
control for possible indirect effects.

4.2. Conclusion

Increased depressive symptoms were associated with a higher SII,
indicating an elevated innate immune system in a cross-sectional com-
munity sample of adolescents. Depression diagnosis was not signifi-
cantly associated with inflammatory markers. Future studies with larger
clinical samples as well as longitudinal design are needed to confirm the
potential role of the SII in children and adolescents with depressive
disorders, and the involvement of inflammation in early-onset
depression.
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