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Introduction: Many studies highlighted the role of inflammation in the pathogenesis of depression, although not for every patient nor
for every symptom. It is widely shared that stressors can increase inflammation and lead to depressive symptoms. Little is known about
the symptom-specificity of the inflammation-depression link in adolescence, which we aimed to explore. The single symptom analysis
is a core feature of the recent network approach to depression, supposing that psychiatric disorders consist of co-occurring symptoms
and their tendency to cause each other.

Patients and Methods: We recruited 52 adolescents diagnosed with a Depressive Disorder during the COVID-19 stressful period.
We used regression analysis to measure associations between high sensitivity C-Reactive Protein (hs-CRP) and Interleukin-6 (IL-6)
and depressive symptoms assessed by the Children’s Depression Inventory 2 (CDI 2). For the study of symptom specificity, we
selected 13 items from the CDI 2 Self Report corresponding with the DSM-5 diagnostic criteria for Major Depressive Disorder and we
coded them as dichotomous variables to perform a regression analysis.

Results: We found that a higher CDI 2-Parent Version total score was significantly predicted by higher hs-CRP (coefficient 3.393;
p 0.0128) and IL-6 (coefficient 3.128; p 0.0398). The endorsement of the symptom self-hatred, measuring the DSM-5 symptom
“feelings of worthlessness”, was significantly predicted by hs-CRP (OR 10.97; 95% CI 1.29-93.08; p 0.0282).

Conclusion: A novel symptom-specificity emerged, with hs-CRP significantly predicting the endorsement of the symptom self-
hatred, recognized as a core feature of adolescent depression, following the network theory. We considered it a possible phenotypic
expression of one depression endophenotype previously causally linked to inflammation. Due to the limited sample size, these
preliminary findings require confirmation with future research focusing on the relationship between inflammation and self-hatred and
other central nodes of the depression network, representing an opportunity for targeting interventions on crucial symptoms.
Keywords: endophenotype, inflammation, network, self-hatred, stress

Introduction

The role of inflammation in mental disorders is a topic of interest. The interaction between the immune system and
neurotransmitters emerged as a mechanism underpinning mood disorders, psychosis, and anxiety disorders.' Despite
the scarcity of longitudinal studies investigating the role of inflammation as a precursor to mental disorders in children
and adolescents, much evidence supports that inflammation is a crucial component of the pathogenesis of depression:
large studies report associations between inflammatory markers such as C-Reactive Protein (CRP) and Interleukin-6 (IL-
6) and depression.®® CRP is a non-specific acute-phase plasma protein synthesized in the liver in reaction to pro-
inflammatory cytokines such as IL-6, secreted by the activated macrophages in response to infection and tissue damage.’
The high sensitivity CRP (hs-CRP) has been widely used to detect low-grade inflammation (0.2-10 mg/L).° The
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literature reports evidence of a bidirectional relationship between inflammation and depression: on the one hand,
inflammation predicts increases in depressive symptoms, while on the other hand, depression predicts increased
inflammation in some samples.'®'?

However, not all depressed patients are inflamed. Several studies suggest that inflammation would be relevant for
a subset of depressed patients and not all, as well as for some but not all the affective symptoms.®'"*!3

Inflammation has also been studied concerning depression endophenotypes: heritable quantitative traits, intermediate
between genotype and distal phenotype.'* The endophenotype approach aims to understand psychiatric disorders by
identifying some homogeneous and treatment-relevant core features.'® Not all but three of the empirically-validated
depression endophenotypes have been found influenced by inflammation: (1) Exaggerated reactivity to negative
information; (2) Altered reward processing; (3) Somatic syndrome.10

Increased inflammation has been demonstrated in a subset of patients with a “neurodevelopmentally-based” form of
depression, originating from early exposure to stress.'®'® It is widely shared that stress can increase the risk of
depression.'>'? Recent studies suggested that both loneliness and social isolation are associated with increased expres-
sion of peripheral inflammatory markers.'®?°? The association between social isolation and CRP indicated that social
isolation can act as a social stressor.'®** Socially isolated individuals were 2—2.5 times more likely to show high levels of
CRP than socially integrated people.”* Psychosocial stress has been demonstrated to activate key inflammatory pathways
resulting in increased levels of peripheral pro-inflammatory cytokines such as IL-6.%

Nowadays, children and adolescents have been greatly impacted by the exposure to psychosocial stressors induced by
the COVID-19 pandemic, like social isolation. Social restrictions have been psychologically distressing for anyone who
experienced them, but particularly difficult for young people, who rely importantly on social connections for their
emotional wellbeing, with an enhanced vulnerability to the adverse effects of social distancing and loneliness.*®*’ It has
been proposed that dysregulated neuroendocrine-immune interactions may underlie the psychiatric phenomena observed
in quarantined people during the current pandemic.*®

According to the social signal transduction theory proposed by Slavich and Irwin, the same innate immune system
response, which is normally induced by tissue damage and microbial infection, can be activated in response to adverse social
conditions like rejection, conflict, or isolation.'”> These social stressors can activate the innate immune system response
through two different pathways: the sympathetic nervous system (SNS) and the hypothalamic-pituitary-adrenal (HPA) axis.'
The SNS induces the release of norepinephrine, which upregulates transcription of the proinflammatory immune response
genes IL-1, IL-6, and TNF-alfa.'””> The HPA axis activation hesitates in the secretion of cortisol, which is a potent anti-
inflammatory hormone, under normal conditions. But when a stressful stimulus persists, a glucocorticoid resistance occurs,
empowering the inflammatory response, with peripheral cytokines reaching the central nervous system. This immunological
pathway involving the brain can lead to “sickness behaviors”, very similar to depressive symptoms (anhedonia; reduced
exploration, search for novelty, and social behaviors; reduced food intake; sleep disturbances), as an adaptive response to
reduce the spread of infection and promote recovery.'®'> This mechanism may explain why inflammation was particularly
associated with fatigue, impaired sleep, and appetite, as well as depressed mood and anhedonia.*** A prolonged inflamma-
tory signal can maintain these altered behaviors by increasing the risk of depression and other psychiatric diseases.'

Despite extensive literature existing on the association between inflammation and depression, most studies concern
adult populations. Moreover, only a few studies have examined the specific associations between each depressive
symptom and inflammation. In this research, we recruited adolescent inpatients diagnosed with a Depressive Disorder
(DD) during the COVID-19 emergency and measured their inflammatory markers hs-CRP and IL-6. The aims of this
study were: (1) To disclose whether systemic inflammation predicted depressive symptoms in a stressful period like the
COVID-19 pandemic when the psychosocial stressors could have altered the neuroendocrine activity with an increased
inflammatory response; (2) To search for potentially specific correlations between inflammation and depression using
a symptom-based approach.
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Materials and Methods

Design and Participants
We consecutively recruited the adolescents from 11 to 17 years presenting with depressive symptomatology
among the inpatients admitted to the Operative Units of Child Neuropsychiatry and Psychiatry of the University
Hospital of Bari, Italy, who gave their consent to take part in the study. We began the recruitment at the end of
the first Italian acute phase of the pandemic (June 2020), when pandemic-related mental health problems were
expected to increase based on literature.’* We extended the enrolling time until October 2021 hypothesizing
a period enough to capture the longstanding consequences of the first full social restrictions, given that the
effects of stress exposure may need a certain degree of neurobiological development to occur.>! Neuropsychiatric
diagnoses were made by child neuropsychiatrists or psychiatrists in line with DSM-5 criteria, following the semi-
structured interview K-SADS-PL for DSM-5.°*2% Only patients with a diagnosis of a DD were included.
Exclusion criteria were: (1) Depressive symptoms not fulfilling DSM-5 criteria for a DD but those of other
disorders (eg, Bipolar and related disorders, Gender Dysphoria, Disorders related to trauma and stressor events);
(2) Medical disorders likely to alter the interpretation of immunological data (ie, acute or chronic inflammatory
disease, autoimmune, or endocrine disease); (3) Current use of drugs likely to compromise interpretation of
inflammatory peripheral markers (ie, systemic anti-inflammatory medications, statins, corticosteroids, antibiotics,
antihistamines). In total, 85 patients were considered for enrollment in the study and asked to participate. Among
them, 18 people refused to participate and 15 were not recruited because of the exclusion criteria (9: diagnoses
different from DD; 4: use of anti-inflammatory drugs or statins or antihistamines; 2: the presence of chronic
inflammatory or autoimmune or endocrine disease). Finally, 52 individuals took part in the study.

The study protocol was approved by the Independent Ethical Committee of Azienda Ospedaliero-Universitaria
Consorziale Policlinico di Bari and conducted according to the recommendations of the Helsinki Declaration. The
parents of all participants provided their written informed consent.

Measurements
Depressive Symptoms
We used the Italian adaptation of the Children’s Depression Inventory 2 in its Self-Report assessment (CDI 2-SR, 28
items) and Parent Version (CDI 2-PV, 17 items).** The whole sample completed both the SR and the PV forms. The CDI
2 provides information about the presence and severity of depressive symptoms in the past two weeks, in pediatric
samples (7-17 years). Each item is rated on a Likert-type scale: from 0 to 2 for the CDI 2-SR and from 0 to 3 for the CDI
2-PV, with higher scores representing higher severity of symptoms. We used the total scores of both the scales and the
four partial scores provided by the SR version (“Depressed mood/somatic symptoms”; “Negative self-esteem”;
“Ineffectiveness”; “Interpersonal problems”). We used T-scores normed based on age and sex and set the clinical cut-
off for depressive symptomatology at T-scores > 65, as per the CDI 2 scoring guidelines.** High internal consistency was
demonstrated for the CDI 2-SR (alfa 0.87) and the CDI 2-PV (alfa 0.89).>* In this sample, alfa values were 0.91 for CDI
2-SR and 0.76 for CDI 2-PV. For the study of symptom specificity, we selected 13 items from the CDI 2-SR based on
their correspondence with the DSM-5 diagnostic criterion A for Major Depressive Disorder (MDD):

(A1) Depressed mood: item 1 (depressed mood), item 10 (irritability)

(A2) Anhedonia: item 4 (anhedonia)

(A3) Appetite/weight alteration: item 17 (hypophagia), item 27 (hyperphagia)

(A4) Sleep alteration: item 15 (insomnia), item 26 (hypersomnia)

(A6) Tiredness: item 16 (tiredness)

(A7) Feelings of worthlessness and guilt: item 6 (self-hatred), item 7 (guilty)

(A8) Difficulties in concentration and taking decisions: item 14 (difficulties in concentration), item 12
(indecisiveness)

(A9) Thoughts of death/suicidal ideation: item 8 (suicidal ideation)
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We excluded the symptom psychomotor alterations (AS5) because it was not assessed by the CDI 2. Then we coded the
selected items as dichotomous variables with responses scoring 1 or 2 indicating the presence of the symptom.

Inflammatory Markers

Blood samples were obtained from the patients with a venipuncture performed between 8 and 10 am, after an overnight
fast. All the patients had not consumed caffeine on the morning of the sample and had not performed strenuous physical
exercise in the previous 72 hours. Blood was collected into serum separator tubes and centrifuged within two hours from
the sample collection. All laboratory analyses were performed in the first 24 hours after the blood draw. Serum hs-CRP
and IL-6 levels were measured by nephelometric method and electrochemiluminescence immunoassay, respectively. The
lower detection limits were 0.2 mg/L for hs-CRP and 1.5 pg/mL for IL-6.

Covariates

Based on the literature, we considered as covariates for the regression analysis several variables, because linked to both
psychopathology and inflammation: age, sex, body mass index (BMI: kg/m?), markers of an unhealthy lifestyle (smoke,
alcohol consumption, cannabis use), and use of Selective Serotonin Reuptake Inhibitors (SSRI) in the month preceding
the blood sampling.*>>* All these variables were documented by clinical interviews. Smoke, cannabis, and alcohol
consumption and SSRI use referred to the month preceding the blood sample.>>*® For smoking and cannabis use, there
were three alternative answers: “often”, “occasionally”, and “never”. Alcohol consumption was defined as heavy (>7
drinks/week), moderate (1-7 drinks/week), or absent (< 1 drink/week).>> The three lifestyles were recoded into
dichotomous variables with “often”/“heavy” and “occasionally”/“moderate” considered as “Yes” and “never’/“absent”
considered as “No”. SSRI use was coded into the dichotomous variables “Yes” (if > 50% of all days in the past month) or

“No” 36

Statistical Analysis

Firstly, we natural-log transformed levels of hs-CRP and IL-6 to normalize the data. Then, we used regression analysis
for estimating associations between inflammatory markers as independent variables and: (1) CDI 2 scores (SR and PV
total scales and SR subscales) as outcomes, with multiple linear regression; (2) Dichotomized CDI 2-SR single symptoms
as outcomes, with logistic regression. After unadjusted regression analysis, we explored the impact of covariates
adjusting for age and sex (except for CDI 2 total scale and subscales, because we considered normed-based T-scores),
Smoking status/Alcohol consumption/Cannabis use (SAC), current SSRI medication (SSRI), BMI. We considered
covariates individually and in every possible combination. In total, 608 models were analyzed. Statistical significance
was set at p < 0.05.

Results

Baseline Characteristics

The total sample included 52 individuals, 38 females (73.1%) and 14 males (26.9%), from 11 to 17 years (mean age:
14.4+1.7 years). A minority of the sample declared a current smoking status (19.2%), alcohol consumption (21.2%),
and cannabis use (15.4%). Five patients (9.6%) were being treated with SSRI in the last month before the
hospitalization. BMI mean values were 21.6+5.5. All the recruited individuals were diagnosed with a DD, according
to DSM-5 criteria: 41 (78.8%) with an MDD, 8 (15.4%) with a Persistent DD, 2 (3.8%) with an Unspecified or
Other Specified DD, and 1 (1.9%) with a Disruptive Mood Dysregulation Disorder. All the patients underwent
clinical and laboratory assessments. Hs-CRP data were not obtained on three patients due to technical problems and
the unavailability of patients to undergo another sample. All the hs-CRP values were under 10 mg/L, remaining in
the range suggestive of low-grade inflammation. The mean scores of CDI 2 total and partial scales were all above
the established cut-off. The most endorsed self-reported symptoms were irritability, anhedonia, self-hatred, difficul-
ties in concentration, indecisiveness, suicidal ideation, and depressed mood. Table 1 reports the laboratory and
clinical data of the sample.
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Table | Laboratory and Clinical Data of the Sample

Inflammatory Markers Total Sample (52)
hs-CRP (mg/L) 1.15£2.10
IL-6 (pg/mL) 6.38+6.55

CDI 2 Total scale and subscales

CDI 2-SR Total score 70.0£13.5
CDI 2-SR Depressed mood/somatic symptoms 67.7x14.1
CDI 2-SR Negative self-esteem 66.1£12.7
CDI 2-SR Ineffectiveness 67.5%£12.9
CDI 2-SR Interpersonal problems 65.7£14.9
CDI 2-PV Total score 70.3+19.4

CDI 2-SR symptom endorsement

Depressed mood (yes) 39 (75%)
Irritability (yes) 47 (90.4%)
Anhedonia (yes) 46 (88.5%)
Hypophagia (yes) 28 (53.8%)
Hyperphagia (yes) 24 (46.2%)
Insomnia (yes) 34 (65.4%)
Hypersomnia (yes) 20 (38.5%)
Tiredness (yes) 38 (73.1%)
Self-hatred (yes) 41 (78.8%)
Guilty (yes) 36 (69.2%)
Difficulties in concentration (yes) 41 (78.8%)
Indecisiveness (yes) 40 (76.9%)
Suicidal ideation (yes) 40 (76.9%)

Notes: Values are reported as number and percentage or mean * standard deviation. Hs-CRP
data = 49.

Abbreviations: hs-CRP, high sensitivity C-Reactive Protein; IL-6, Interleukin-6; CDI 2, Children’s
Depression Inventory 2; SR, Self-Report; PV, Parent Version.

Associations Between Inflammation and Depression

Table 2 shows significant associations (p < 0.05) resulting from the regression analyses with inflammatory markers as
independent variables and depressive symptoms as outcome measures. The complete results of the regression
analyses, including all the statistically non-significant associations, are reported in Supplementary Table 1. We

found significant positive associations between hs-CRP and CDI 2-PV Total score when adjusting for BMI and
BMI+current SSRI medication. IL-6 was significantly associated with CDI 2-PV Total score when adjusting for BMI.
The associations between inflammatory markers and the total and partial scores of CDI 2-SR were not statistically
significant (Supplementary Table 1). Among the single symptom endorsement, self-hatred was the one to be

significantly predicted by hs-CRP, in more than one regression model, with different combinations of covariates
(Table 2).
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Table 2 Associations Between Inflammatory Markers and Depressive Symptoms

Predictor Covariates Outcome
CDI 2-PV Total score CDI 2-SR self-hatred
p Model | p Predictor | Coefficient | p Model | p Predictor OR (95% CI)
hs-CRP SAC 0.0194 0.0363 5.52 (1.12-27.32)
BMI 0.0183 0.0128 3.393
Agelsex+BMI 0.0113 0.0352 5.45 (1.12-26.46)
Agel/sex+SAC 0.0067 0.0391 893 (1.12-71.47)
SSRI+SAC 0.0227 0.0221 6.70 (1.31-34.19)
SSRI+BMI 0.0233 0.0141 3.326
Age/sex+SAC 0.0124 0.0428 9.04 (1.07-76.12)
+BMI
Age/sex+SSRI 0.0093 0.0265 10.36 (1.31-81.67)
+SAC
Age/sex+SSRI 0.0225 0.0419 6.05 (1.07-34.23)
+BMI
SSRI+SAC+BMI 0.0397 0.0280 6.53 (1.22-34.8I)
Age/sex+SSRI 0.0159 0.0282 10.97 (1.29-93.08)
+SAC+ BMI
IL-6 BMI 0.0497 0.0398 3.128

Notes: hs-CRP data = 49.

Abbreviations: CDI 2, Children’s Depression Inventory 2; SR, Self-Report; PV, Parent Version; OR, odds ratio; Cl, confidence interval; hs-CRP, high
sensitivity C-Reactive Protein; SAC, smoking status/alcohol consumption/cannabis use; BMI, body mass index; SSRI, selective serotonin reuptake
inhibitors; IL-6, Interleukin-6.

Discussion
We studied associations between inflammatory markers and individual symptoms of depression in a sample of 52 Italian
adolescents recruited during the COVID-19 pandemic. Inflammation could be particularly important during stressful
periods like the current pandemic when psychosocial stressors can exert their effects by increasing inflammation with
subsequent depressive modifications. We did not get measurements of self-perceived stress in daily life related to
COVID-19, but the recent history tells us that the pandemic social distancing rules have enforced adolescents to
a strong limitation of social relations (eg, distance learning, limitation of leisure time activities). Furthermore, we
know from the literature that social isolation is considered an important psychological stressor that has been linked to
increased inflammatory levels.'>'®2*2* Therefore, although we could not draw any causal inference due to the cross-
sectional design of our study, we can consider as plausible that the social stress-induced inflammation could have played
arole in the increased depressive rates among adolescents observed in the recent period: a recent meta-analysis estimated
a global pooled prevalence of clinically elevated depression symptoms of 25.2%, during the first year of COVID-19
pandemic.*® These estimates are double the pre-pandemic ones.*’

In our study, peripheral inflammatory markers were positively associated with total depressive symptoms, as reported
by parents at the CDI 2-PV, and with the endorsement of the symptom self-hatred, as reported at the CDI 2-SR.

While the association between inflammation and depression has been widely studied in the adult population, limited
data are available for the evolutionary age.*'** A significant association between serum hs-CRP and depression score
was detected in a sample of adolescent girls.*> In a community sample of adolescents, higher depressive symptoms were
prospectively associated with elevated IL-6.** Moreover, elevated IL-6 levels were found in a group of adolescents
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diagnosed with a DD compared to controls.*> Data from a recent meta-analysis of 22 studies about depression in children
and adolescents confirmed a positive association between depression and current and future inflammation and their
bidirectional relationship.'> On the other hand, very recent findings of children and young people showed that CRP levels
were not related to depression and did not mediate the association with adverse childhood events.'® Moreover, in a recent
study, proinflammatory markers were not significantly associated with psychological distress in 15—17 years old healthy
adolescents.**

Our study shows that higher levels of peripheral hs-CRP were significantly associated with higher total depressive
symptoms reported by parents in the CDI 2-PV when the analysis was adjusted for BMI and BMI+SSRI. We also found
a significant association between IL-6 and CDI 2-PV total scores when adjusting for BMI. BMI is a known major
mediator of the association between depression and inflammation. Obese people have been demonstrated to show higher
levels of inflammatory markers than normal-weight people, given that the adipocytes release pro-inflammatory cytokines
and promote chronic low-grade inflammation.*” Thus, it was recommended to statistically control differences in BMI
when measuring the effects of inflammation in biobehavioral research, being the BMI a biological factor that can affect
the circulating levels of pro-inflammatory cytokines.*® Notably, in our study, the association between inflammation and
depressive symptoms was statistically significant when accounting for BMI as a confounding factor. These findings
support the hypothesis that depressive symptoms are significantly predicted by peripheral inflammation. It should be
taken into account the fact that the association between inflammation and depression was fully attenuated after
controlling for SAC, maybe due to their potential role in explaining the association. Furthermore, maybe due to the
small sample, we did not find significant correlations of inflammatory markers with total self-reported depressive levels,
but only with those parent-reported, although the theoretical concurrent validity between CDI 2-SR and CDI 2-PV is
good, for which high correlations between SR and PV were expectable as well as similar associations with
inflammation.**

Recent studies have focused on which subgroups of depressed patients or which affective symptoms are most
associated with inflammation. It has been hypothesized that IL-6 may be a “state indicator for acute exacerbation” in
melancholic patients.*® Moreover, higher levels of IL-6 can predict over time the depression chronicity and higher
severity.*” Other findings detected higher inflammation in association with suicidal MDD.>® Increased inflammatory
markers may also characterize treatment-resistant populations of depressed patients.”!!!

Concerning the symptom-specific link between depression and inflammation, a recent review collecting data from 21
studies reported an association between inflammation and somatic depressive symptoms but not with cognitive ones.’’
Recent data from two large-scale cohorts of adults showed an association between peripheral inflammatory markers and
depressed mood, anhedonia, and somatic symptoms.® A very recent review reported a specific pattern of depressive
symptoms in patients with higher blood CRP levels: fatigue, restless sleep, low energy, concentration difficulties, poor
psychomotor speed, and poor executive functioning.’ ! Notably, most of these findings concern the adult population,
while little is known about the symptom-specificity of depression-inflammation link in youngers.

We used a symptom-based approach to evaluate whether inflammation was specifically associated with certain
depressive symptoms in our sample of adolescents. We selected item 6 of CDI 2-SR (self-hatred) to express the
DSM-5 criteria (A7) “feelings of worthlessness”. In our study, increasing levels of hs-CRP significantly predicted the
endorsement of this symptom and not others. We should consider this finding with caution, given the large width of the
OR confidence intervals. This low precision of the risk estimate could be explained by the small size of the current
sample, which warrants further studies. Nevertheless, the statistical significance of this association lets us consider this
depressive symptom as potentially linked with inflammation.

To our knowledge, symptoms referable to worthlessness, self-deprecation, or negative self-esteem, have not yet been
associated with systemic inflammation so far. On the other hand, existing data highlight the association between
inflammation and somatic symptoms of depression, especially the atypical ones such as altered appetite and
tiredness.’>>* However, self-hatred is one of the most important symptoms emerging from very recent studies about
adolescent depression. Interestingly, in recent years, some researchers have been focusing on the network approach to
psychopathology, supposing that psychiatric disorders are constituted of co-occurring symptoms and their tendency to
cause each other.>* Self-hatred was the most central symptom in the adolescent depression network found by Mullarkey
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et al, close to sadness, loneliness, and pessimism, suggesting the high importance of these symptoms to the experience of
depression in adolescence.”> Among all depressive symptoms, self-hatred had the highest strength centrality also in other
two very recent studies, in clinical samples of adolescents, suggesting the idea that this symptom represents the core
psychological construct in juvenile depression.’®>’ Self-hatred means negatively thinking about the self. Preferential
processing of negative self-referent information is a specific information processing bias that predicts an increase in
depressive symptoms.”® Depression was correlated with increased negative recall bias and decreased positive recall
bias.>® It is expected that more efficient processing and recall of negative descriptors about the self will lead to negative
self-vision, non-acceptance, and, finally, self-hatred. Thus, self-hatred could be an extreme phenotypic expression of
a “self-centered” exaggerated reactivity to negative information, which is one of the known endophenotypes of
depression previously associated with inflammation.'® Inflammation was demonstrated to amplify affective and physio-
logical responses to stressful information, contributing to reactivity to negative stimuli.'® In this way, the symptom of
self-hatred could be reasonably predicted by peripheral inflammation, as resulting from the association that emerged in
our study. This finding lets us consider that inflammation may activate one of the very central symptoms of the
depression network, with potentially secondary activation of causally connected nodes, according to the network
theory.>

A future direction of the research could be focusing on the relationship between inflammation and depression
symptoms as conceptualized by the network theory. If a causal relationship between inflammation and self-hatred and
other central nodes would be ascertained, it could represent a key opportunity for targeting interventions on crucial
symptoms, connections between symptoms, and triggering causes of symptoms in the network.>*

Another important consideration for the future direction of studies is that our findings cross data from the network
theory of adolescent depression, where the symptom self-hatred is a very central node, with previous knowledge about
the depression endophenotypes. Since the traits falling within the definition of an endophenotype seem to closely reflect
the biological root of a specific disorder, the endophenotype approach could have a positive impact on the treatment,
identifying the key biological elements underlying it. In this way, the definition of endophenotypes causally correlated
with inflammation, as the ‘“exaggerated reactivity to negative information”, could allow identifying those patient
populations that could benefit from an anti-inflammatory treatment, which would instead be ineffective in unselected
samples of depressed subjects.®”

Strengths and limitations. This study focused on depression in adolescents, exploring the role of inflammation and its
relationship with specific depressive features. This is the main strength because, to date, research examining associations
between depression and inflammation has been primarily focused on the adult population. The study had important
limitations needing to be highlighted. The first one was the limited size of the sample, which restricts the generalizability
and reliability of findings: the large width of the OR confidence intervals is a measure of the low precision of the
estimate, which is although statistically significant. Furthermore, maybe due to the small sample, we did not find
significant correlations of inflammatory markers with total self-reported depressive levels, but only with those parent-
reported, although the theoretical concurrent validity between CDI 2-SR and CDI 2-PV is good.*® Thus, future studies
with larger samples are needed to confirm our findings; they could also assess potential sex-based differences in the
depression-inflammation link which were difficult to evaluate in a sample of limited size. Second, we adopted a cross-
sectional study design, which prevents causal inferences. Third, although the diagnostic assessment was carried out with
a semi-structured diagnostic interview considering past and current history of depression (K-SADS PL DSM-5), we
based the symptom-specific analysis on the binarization of selected items of a single psychometric instrument relative to
the last two weeks (CDI 2 SR), without taking into account the previous lifetime history of depression. Fourth, the
symptom “psychomotor alteration” was not included in the symptom-based analysis because it was not assessed by the
CDI 2. Fifth, we used the CDI 2, a very recent psychometric instrument, but built on the DSM-IV and not DSM-5
symptomatology; this could limit the accuracy of the correspondence between the assessed symptomatology and the
current diagnostic criteria of DD. Sixth, concerning the regression analysis, we did not consider other potential
confounding factors of the association inflammation-depression, such as the socioeconomic level, physical inactivity,
and psychiatric comorbidities, and we did not compensate for multiple comparisons. Last, we got no information about
possible exposure to early negative life events, possibly linked with an enhanced inflammatory response.
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Conclusion

In conclusion, in a sample of Italian adolescents affected by a DD, total depressive symptoms were positively associated
with peripheral inflammatory markers, although the associations were no anymore significant in the fully-adjusted model.
Furthermore, a novel symptom-specificity emerged, with hs-CRP significantly predicting the endorsement of the
symptom self-hatred, recently recognized as a core feature of adolescent depression according to the network theory.
From our point of view, we can consider self-hatred also as a phenotypic expression of the endophenotype “exaggerated
reactivity to negative information”, previously causally linked to inflammation. Future research could focus on the
relationship between inflammation and self-hatred and other central nodes of the adolescent depression network,
representing a key opportunity for targeting interventions on crucial symptoms, connections between symptoms, and
triggering causes of symptoms in the network.
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