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Abstract

Negative symptoms are common in individuals at clinical high-risk (CHR) for psychosis and are 

associated with worse functional outcomes. Inflammation may be one mechanism underlying 

negative symptoms. Inflammatory markers are altered in individuals at CHR and are associated 

with negative symptoms in patients with schizophrenia. We thus hypothesized that baseline 

inflammatory markers would predict the development of negative symptoms in individuals at CHR 

for psychosis. Thirty seven individuals from the North American Prodromal Longitudinal Study 

who met CHR criteria were included in the study. Inflammatory cytokines, including interferon 
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(IFN)-λ, Interleukin (IL)-1β, IL-1 receptor antagonist (IL-1RA), IL-4, IL-6, IL-8, IL-10, and 

tumor necrosis factor (TNF) were measured at baseline. Negative symptoms as measured by the 

Scale of Prodromal Symptoms, were measured at baseline and six and twelve months. 

Associations between inflammatory markers and the trajectory of negative symptoms (slope) over 

the first year of follow-up, were assessed using linear regression models controlling for age, sex, 

race and depressive symptom severity (as assessed by the Calgary Depression Scale for 

Schizophrenia). Baseline TNF (beta = 0.361, p = 0.007) and IL-6 (beta = −0.306, p = 0.026) 

predicted negative symptoms slopes, along with depressive symptom severity at baseline (beta = 

−0.596, p = 0.000). These findings demonstrate that inflammatory cytokines may underlie the 

development of negative symptoms in some individuals at CHR for psychosis. TNF predicted the 

development of negative symptoms independent of baseline depression. Given the heterogeneity of 

the CHR population, the comorbidity of negative symptoms and depression in this population, and 

the particular challenges in treating negative symptoms, immune markers could represent potential 

biomarkers that underlie the development of negative symptoms, representing a potential treatment 

target.
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1. Introduction

Recent attempts to understand the pathophysiologic mechanisms underlying symptoms of 

schizophrenia have focused on studying clinical high-risk (CHR) populations (Cannon et al., 

2016; Fusar-Poli et al., 2013). Criteria to identify individuals at CHR rely on the presence of 

positive symptoms, similar to diagnostic criteria for schizophrenia itself. Despite this, 

negative symptoms, including blunted affect, alogia, asociality, anhedonia, and avolition are 

common in CHR individuals and are often the presenting symptoms (i.e., social isolation 

and changes to role function) that lead to seeking help and precede the onset of psychosis 

(positive symptoms) (Kirkpatrick et al., 2006; Lencz et al., 2004; Piskulic et al., 2012). In 

one sample from the North American Prodrome Longitudinal Study (NAPLS), 82% of CHR 

individuals had at least one negative symptom in the moderately severe range and 38% had 

at least one negative symptom in the severe range at baseline. Moreover, 54% continued to 

have moderately severe negative symptoms at one year follow up (Piskulic et al., 2012). The 

most common negative symptoms at baseline and at follow up were deterioration in role 

functioning, avolition, as well as social isolation and withdrawal.

Importantly, negative symptoms have been shown to be predictive of conversion to psychosis 

(Demjaha et al., 2012; Kwapil, 1998; Mason et al., 2004; Piskulic et al., 2012; Valmaggia et 

al., 2013). These symptoms have also been shown to significantly effect quality of life and 

functional outcomes in both CHR individuals and those with schizophrenia, adding to the 

illness burden (Bechdolf et al., 2005; Dominguez-Martinez et al., 2015; Harvey, 2013; 

Nelson et al., 2013). Antipsychotic medications show limited benefit for negative symptoms 

(Davis et al., 2014), and as such, there is a significant need for treatment options to target 

negative symptoms in CHR individuals (Carpenter and Schiffman, 2015; Devoe et al., 2017; 
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Stafford et al., 2013). Moreover, understanding mechanisms that underlie these symptoms 

may provide further insight into the developmental trajectories of negative symptoms of 

schizophrenia.

Inflammation could be one such mechanism for some individuals at CHR for psychosis. The 

immune system has been posited to underlie neurodevelopmental abnormalities in patients 

with schizophrenia (Meyer, 2013; Miller and Goldsmith, 2017), as evidenced by 

epidemiologic findings of increased risk secondary to prenatal immune-related and other 

stress-related factors (Brown and Derkits, 2010), translational models of maternal immune 

activation leading to phenotypes similar to schizophrenia (Meyer, 2014), genome wide 

association studies implicating the Major Histocompatibility Complex region on 

chromosome 6 (2014; Stefansson et al., 2009), alterations in inflammatory markers 

(Goldsmith et al., 2016; Miller et al., 2011; Potvin et al., 2008; Upthegrove et al., 2014), and 

recent data implicating the innate immune system and complement system in disordered 

synaptic pruning (Sekar et al., 2016). Indeed, concentrations of immune markers, including 

inflammatory cytokines, have also been shown to be altered in individuals at clinic high risk 

for schizophrenia (Karanikas et al., 2017; Lizano et al., 2016; Metcalf et al., 2017; Smesny 

et al., 2017; Zeni-Graiff et al., 2016). In fact, inflammatory cytokines and other immune-

relevant biomarkers make up the majority of the 15 blood analytes shown to be predictive of 

conversion to psychosis in the NAPLS CHR cohort (Perkins et al., 2015), and have been 

shown to be related to cortical grey matter volume loss as well (Cannon et al., 2015).

There is a growing literature demonstrating relationships between inflammatory cytokines 

and negative symptoms of schizophrenia, though many of these studies measure just one or a 

small panel of inflammatory cytokines (Asevedo et al., 2014; El Kissi et al., 2015; Garcia-

Rizo et al., 2012; Goldsmith et al., 2018; Goldsmith et al., 2016; Liu et al., 2012; Noto et al., 

2015; Stojanovic et al., 2014; Xiu et al., 2014). Though there have been studies that measure 

inflammatory marker concentrations in individuals at clinic high risk (Karanikas et al., 2017; 

Lizano et al., 2016; Metcalf et al., 2017; Perkins et al., 2015; Smesny et al., 2017; Zeni-

Graiff et al., 2016), only one to our knowledge has investigated associations with negative 

symptoms, finding positive associations between IL-6 and negative symptoms at baseline 

assessment (Stojanovic et al., 2014). To date, the relation of inflammatory markers with 

longitudinal changes in negative symptom severity has not been examined in CHR 

individuals.

Given that negative symptoms are common in individuals at CHR, contribute to significant 

impairments, and may be predictive of conversion to psychosis, we examined a panel of 

inflammatory markers at baseline in a cohort of individuals who met CHR criteria and 

assessed negative symptoms at baseline and subsequent follow up visits. Due to the limited 

number of studies of inflammatory markers in the CHR population, we included markers 

that have been shown to be elevated in a previous metaanalysis of individuals at first episode 

of psychosis: Interferon (IFN)-λ, IL-1β, IL-1 receptor antagonist (IL-1RA), IL-4, IL-6, IL-8, 

IL-10, and TNF (Goldsmith et al., 2016). First episode patients were also chosen as they are 

less likely to have been exposed to antipsychotics for significant lengths of time that could 

alter inflammatory processes. All inflammatory cytokines included have been previously 

assessed in studies of CHR individuals. We hypothesized that inflammatory cytokines 
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measured at baseline would predict negative symptom severity over the first 12 months of 

the study. Based on our previous work demonstrating relationships between TNF, IL-6, and 

negative symptoms in schizophrenia (Goldsmith et al., 2018) and relationships between 

inflammatory cytokines and symptoms such as anhedonia and motivational deficits (Felger 

and Treadway, 2017), the present study examined the relation of TNF and IL-6 (among other 

cytokines) with both the baseline severity and the longitudinal course of negative symptoms 

over one year in a CHR sample.

2.1. Methods and Materials

2.1. Subjects

Subjects were drawn from the North American Prodrome Longitudinal Study (NAPLS 2) 

cohort, whose aims and methods have been previously described. (Addington et al., 2012) 

Briefly, NAPLS 2 studies the predictors and mechanisms of conversion to psychosis in 765 

CHR individuals (meeting the Criteria of Prodromal States (COPS)) (Miller et al., 2002) and 

280 healthy controls recruited across the eight NAPLS study sites. No healthy controls were 

included in the present analysis as the range of negative symptom assessments were too 

narrow and would limit meaningful analyses (mean baseline total negative symptoms was 

1.23 and half of controls had a total score of zero). In addition to the low negative symptom 

scores in controls, the lack of an association between schizophrenia genetic risk and 

inflammatory markers might also support the exclusion of healthy controls. Associations 

were tested between family history of psychosis in controls (n = 35) and the inflammatory 

markers, and no inflammatory markers were significantly correlated with family history of 

psychosis. As such, we chose to exclude healthy controls from all analyses. Ages of subjects 

ranged between 12 and 35. The Institutional Review Board from each site approved the 

study, and each subject provided written informed consent or assent, with a parent or 

guardian also providing consent for subjects who were minors. The present sample was 37 

subjects who had complete data on negative symptoms at baseline, 6 month, and 12-month 

follow up.

2.2. Assessments

Clinical assessments were performed at baseline and at subsequent six month follow up 

visits for up to two years. Screening for prodromal symptoms was conducted using the 

Structured Interview for Prodromal Syndromes (SIPS) and ratings were made using the 

Scale of Prodromal Symptoms (SOPS). The SOPS is the diagnostic component of the SIPS 

and includes 19 items divided into positive, negative, disorganization, and general symptom 

subscales (Miller et al., 2003). The six negative symptom items from the SOPS were 

included in the analysis: social isolation or withdrawal (N1), avolition (N2), decreased 

expression of emotion (N3), decreased experience of emotions and self (N4), decreased 

ideational richness (N5), and deterioration in role functioning (N6). Each item was scored on 

a scale from 0 to 6, with 0 reflecting absent symptoms and 6 reflecting extreme symptoms. 

A total negative symptom score was also calculated by summing the individual negative 

symptoms items such that the total score range could be from 0 to 36. The following 

prodromal syndromes were considered: attenuated psychotic symptoms, brief intermittent 

psychotic symptoms, substantial functional decline combined with a first-degree relative 
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with a psychotic disorder, or schizotypal personality disorder in individuals younger than 18 

years (Miller et al., 2002). The Structured Clinical Interview for DSM IV (First MB, 2002) 

was used to determine psychiatric diagnoses. Depressive symptoms were assessed with the 

Calgary Depression Scale for Schizophrenia (CDSS)(Addington et al., 1993; Addington et 

al., 2014).

2.3. Plasma Collection and Assay

Details of sample collection and assay have been described previously (Perkins et al., 2015). 

Briefly, blood samples were collected at baseline visit in Becton Dickenson P100 blood 

collection tubes and all samples were processed within 120 minutes (mean time to freezer = 

28 minutes, SD = 2 minutes) and stored at-80°C until analysis. Samples were sent on dry ice 

to Myriad Rules Based Medicine, and samples were analyzed with a Human Discovery Map 

assay, a Luminex bead-based multiplex immunoassay. 185 analytes were assayed as part of 

the larger study. Technicians were blind to clinical status of the subjects.

2.4. Data Analyses

Statistical analyses were conducted with SPSS 24.0. Descriptive statistics including means 

and standard deviations for the independent and dependent variables were calculated and are 

provided in Table 1. Inflammatory marker concentrations were standardized (z score) to the 

average and SD values of the unaffected comparison subjects in the parent study so that 

results of multiple blood analytes could be viewed on the same scale (Perkins et al., 2015). 

The mean baseline standardized inflammatory marker concentrations are provided in Table 

2.

To determine which inflammatory markers predicted negative symptoms at baseline and at 

follow up visits, stepwise, backward linear regression models were used to determine the 

relationship between inflammatory markers and individual negative symptom items, 

including total negative symptoms. We chose to investigate individual negative symptoms to 

test relationships between inflammatory markers and specific negative symptom domains 

that have been shown to be associated with inflammatory cytokines (Felger and Treadway, 

2017). Relevant covariates were also included in the models, including age, sex, race 

(modeled as white, black, other), weight, and baseline negative symptoms. In addition, due 

to the potential overlap of negative symptoms with depression, baseline CDSS scores were 

also included as a covariate. Due to the possible collinearity of peripheral inflammatory 

markers, the variable inflation factor (VIF) was calculated for each variable in the regression 

models. In order to control for multiple comparisons, a Benjamini and Hochberg approach 

was employed with a false discovery rate (FDR) set at 0.01 (Hochberg and Benjamini, 

1990). This approach provides better control of type I error rates when conducting multiple 

hypothesis tests as compared to more conservative approaches (Benjamini and Hochberg, 

1995; Holm, 1979).

In order to assess the impact of inflammatory cytokines on the trajectory of negative 

symptoms over time, slopes of negative symptoms were calculated from baseline to 6 and 12 

months. The skewness and kurtosis statistics were −0.353 (standard error = 0.388) and 0.137 

(standard error = 0.0759), respectively, suggesting that the slope scores were normally 
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distributed. As such parametic tests were used. Linear regression models were performed 

with slope as the dependent variable and inflammatory cytokines, above demographic 

variables, and baseline CDSS score as the independent variables. The potential contribution 

of slope of CDSS scores was also explored as a covariate in a separate model.

3. Results

3.1. Sociodemographic, clinical, and inflammatory characteristics of the sample

Sociodemographic, clinical, and immune data for the sample are shown in Tables 1. Of note, 

many inflammatory markers were inter-correlated, however, the VIF for all the 

inflammatory predictors in the regression models were <3.0, indicating that multi-

collinearity among inflammatory predictors did not bias the results.

3.2. Relationship between Inflammatory markers and negative symptoms at 6 and 12 
months

Inflammatory markers were only associated with one negative symptom domains (N5: 

decreased ideational richness) at baseline, and these associations did not remain significant 

after correcting for multiple comparisons. Multiple baseline inflammatory markers were 

found to be significantly associated with negative symptom domains in linear regression 

models at 6 and 12 months, though only the association between N4 (decreased experience 

of emotions and self) with TNF (beta = 0.418, p = 0.006) and IL-6 (beta = −0.393, p = 0.01) 

survived correction for multiple comparisons. Results from baseline, 6 months, and 12 

months are included in Supplementary Table 1.

3.3. Inflammatory markers and negative symptom slopes

Linear regression models showed that TNF (beta = 0.361, p = 0.007), IL-6 (beta = −0.306, p 

= 0.026), and CDSS (beta = −0.596, p = 0.000) significantly predicted negative symptom 

slopes. Figure 1a shows the partial regression plots for the associations between negative 

symptom slopes and TNF and IL-6. As shown, higher baseline TNF was associated with a 

greater increase in negative symptoms between baseline and subsequent follow-ups. In 

contrast, higher baseline IL-6 predicted a greater decrease in negative symptoms over time. 

Baseline negative symptoms and baseline CDSS scores were highly correlated (r = 0.546, p 

= 0.000) as were negative symptom slopes and CDSS slopes (r = 0.562, p = 0.000). To 

further explore the effect of depression on the association between inflammatory markers 

and negative symptoms, CDSS slope was included in the model instead of baseline CDSS 

score. In this model, TNF (beta = 0.296, p = 0.034), IL-6 (beta = −0.348, p = 0.023), and 

CDSS slope (beta = 0.530, p = 0.001) significantly predicted negative symptom slopes. 

Previous analyses using data from the NAPLS cohort have created summed standardized 

scores for pro- and anti-inflammatory cytokines (Cannon et al., 2015), which represents one 

approach to reduce the data given the number of inflammatory markers assessed. Though 

there was some overlap in the inflammatory cytokines included in the current analysis, there 

were some differences. We created similar summed standardized scores and found no 

relationship with the negative symptom slopes.

Goldsmith et al. Page 6

Brain Behav Immun. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Discussion

In this study, we found that baseline TNF and IL-6 predicted negative symptoms trajectories 

in linear regression models. The association between inflammatory cytokines and negative 

symptoms were found to be independent of baseline depression or depression trajectory. 

TNF and IL-6 also predicted the specific negative symptom subscale, decreased experience 

of emotions and self, which includes descriptions of anhedonia, apathy, and loss of interest. 

Of note, inflammatory markers have been demonstrated to be associated with anhedonia and 

decreased connectivity in reward circuitry in individuals with depression (Felger et al., 2016; 

Felger and Treadway, 2017).

The association between TNF and negative symptoms in this CHR cohort is consistent with 

previous work demonstrating TNF to be one of the most consistently altered inflammatory 

cytokines in psychiatric illness (Goldsmith et al., 2016), including schizophrenia. A recent 

study showed that patients with deficit schizophrenia, who have primary and enduring 

negative symptoms, had increased TNF concentrations compared to non-deficit patients and 

healthy controls, and TNF concentrations predicted negative symptom severity in linear 

regression models, controlling for antipsychotic dose among other clinical and demographic 

variables (43). This is also consistent with a growing literature of studies demonstrating 

relationships between inflammatory cytokines and negative symptom severity in 

schizophrenia (Asevedo et al., 2014; El Kissi et al., 2015; Garcia-Rizo et al., 2012; Liu et al., 

2012; Noto et al., 2015; Stojanovic et al., 2014; Xiu et al., 2014).

In our analyses, TNF predicted negative symptoms trajectories independent of baseline 

depression. Interestingly, baseline negative symptom and baseline CDSS scores were highly 

correlated as were their respective slope trajectories. As such, we also controlled for CDSS 

trajectory slope, and found that TNF and IL-6 continued to predict negative symptoms. 

Depression is common in individuals at CFIR, with recent data from a large meta-analysis 

(Fusar-Poli et al., 2014) demonstrating that 41% of CHR individuals met DSM-IV criteria 

for a depressive disorder. In the NAPLS-2 cohort, 60% of individuals were found to have a 

current or lifetime diagnosis of a depressive disorder. Moreover, those individuals with either 

current or historic symptoms of depression were found to have more severe negative 

symptoms (Kline et al., 2018). Patients with schizophrenia who have comorbid depression 

have been shown to have worse outcomes (Buckley et al., 2009). Thus, given the high 

prevalence of both negative symptoms and depression in CFIR populations, finding 

biomarkers that are related to and potentially differentiate these symptoms could be of 

utility. Our findings suggest that TNF may differentiate these symptoms as they predict 

worsening negative symptoms independent of depression.

The finding of IL-6 negatively predicting negative symptom slopes is intriguing, given that 

patients with schizophrenia typically have increased concentrations of IL-6 relative to 

healthy controls (Goldsmith et al., 2016). IL-6 is thought to be a pleiotropic cytokine with 

various roles in the immune response (Del Giudice and Gangestad, 2018; Rose-John et al., 

2017). In fact, a recent study of inflammatory markers in individuals with PTSD found 

negative relationships between IL-6 and symptom severity, but positive relationships 

between IL-6 and markers of resilience (Bruenig et al., 2017). Moreover, IL-6 is also 
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thought to have anti-inflammatory properties through its classical signaling pathway via 

membrane-bound IL-6 receptors and the signal transducing β-subunit glycoprotein 130 

(gpl30). This is in contrast to the pro-inflammatory properties of IL-6 that involve trans-

signaling through the soluble IL-6 receptor (Scheller et al., 2011; Wolf et al., 2014). The 

direction of relationship between IL-6 and negative symptoms in this analysis may reflect an 

anti-inflammatory effect that could possibly work to counter the pro-inflammatory effects of 

TNF and other cytokines.

A particular challenge in studying individuals at CHR is that the population is heterogenous 

in respect to both multiple putative CHR subgroups as well as later psychiatric diagnoses 

(Fusar-Poli, 2017). Despite this heterogeneity, previous studies have shown differences in 

inflammatory cytokines between individuals at CHR relative to controls, as well as between 

converters and non-converters to psychosis (Focking et al., 2016; Khoury and Nasrallah, 

2018). Previous studies have found higher concentrations of IL-6 to be associated with 

negative symptoms in CHR individuals compared to controls (but not between CHR and 

individuals diagnosed with a psychotic disorder) (Stojanovic et al., 2014) whereas others 

have found no difference in IL-6 concentration between CHR converters and nonconverters 

(Smesny et al., 2017). Similarly, a number of inflammatory markers predicted conversion to 

psychosis in the NAPLS dataset, (Perkins et al., 2015) though not TNF or IL-6. None of the 

subjects included in our analyses converted to psychosis during the study period, though it is 

possible that some individuals who were considered non-converters may have gone on to 

convert to a psychotic disorder after the two-year follow up. It is possible that inflammatory 

markers may be less relevant for conversion risk but may instead be associated with specific 

symptoms domains, such as negative symptoms.

It is also interesting that there were few associations between baseline inflammatory 

cytokines and baseline negative symptoms. The association between negative symptom 

slopes and inflammatory markers suggests that these markers may predict negative symptom 

trajectory overtime. Most individuals who meet CHR criteria show improvements in their 

symptoms over time (Addington et al., 2015), though here we describe a subgroup of 

patients whose negative symptoms worsen from baseline, which appears to be associated 

with inflammatory markers. This is consistent with other findings in the CHR population 

such as recent data from the NAPLS group (Cannon et al., 2015) that showed no difference 

in baseline cortical gray matter thickness in converters compared to non-converters, but 

significantly greater cortical gray matter volume loss at follow-up in the subgroup of 

subjects who did go on to convert to psychosis. Furthermore, while inflammatory markers 

did not differ between converters, non-converters, and control subjects at baseline, they were 

associated with gray matter volume loss. The observation of putative neuropathological 

processes that distinguish between CHR and control subjects over time, but not at baseline, 

raises questions about factors that might act in concert to trigger this process and contribute 

to symptom exacerbation. Inflammation has been posited as one mechanism in which 

synergistic genetic and environmental influences may lead to neurodevelopmental changes, 

such as microglial activation and cortical gray matter loss, that may eventually lead to the 

development and exacerbation of symptoms (Howes and McCutcheon, 2017). As such, 

inflammation at baseline may be relevant for negative symptoms later in the course of illness 

progression, especially in a CHR cohort.
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Not having longitudinal inflammatory markers is a primary weakness of previous studies as 

well as the current study. Longitudinal assessments of inflammatory markers could allow for 

more accurate determinations of the nature of relationships between inflammatory markers 

and negative symptoms. Given that the balance of pro- and anti-inflammatory effects of 

some cytokines, such as IL-6, can change over time, longitudinal measurement of cytokines 

may reveal changing relationships with symptom severity. The study is also limited by a 

small sample size, which in addition to the number of inflammatory markers studied likely 

accounts for the fact that none of the inflammatory markers survived correction for multiple 

comparisons in the individual models at each time point.

The lack of body mass index (BMI) was an additional limitation. Despite not having BMI, 

we included weight as a covariate and the results were largely unchanged. Though 

socioeconomic status (SES) is often an important covariate in analyses of inflammatory 

markers, SES is difficult to measure in a largely adolescent CHR population, who are not 

likely to be employed or financially independent of their family of origin. As a proxy, we 

conducted an exploratory analysis using maternal and paternal education level as covariates 

in the model. When added to the model, we found significant associations between negative 

symptom slope and IL-6 (beta = −0.293, p = 0.043), TNF (beta = 0.299, p = 0.032), and 

baseline CDSS (beta = −0.614, p = 0.000). The primary findings of associations between 

negative symptom slopes and baseline TNF and IL-6 were upheld.

In conclusion, individuals at CHR for psychosis showed relationships between baseline TNF 

and IL-6 and the course of negative symptoms over time, independent of depression. These 

relationships need to be further clarified and future work would measure markers in larger 

samples at various time points to consider relationships between markers and symptoms 

across time to establish the role of inflammation in the development of negative symptoms 

in individuals at CHR for psychosis. It will also be important to disentangle the association 

between inflammatory cytokines, negative symptoms, and depression. Furthermore, future 

work may investigate the role of anti-inflammatory treatments to target negative symptoms 

in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Negative symptoms are common in individuals at clinical high risk for 

psychosis.

• Inflammatory markers have been shown to be altered in CHR individuals.

• Baseline TNF predicted 12-month negative symptoms that included 

anhedonia.

• Baseline TNF and IL-6 predicted negative symptom trajectories in CHR 

individuals.

• TNF predicted negative symptom development independent of baseline 

depression.
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Figure 1. 
Partial regression plots of the relationship between negative symptom slopes and tumor 

necrosis factor and interleukin 6 in linear regression models that included baseline Calgary 

Depression Scale for Schizophrenia Score.
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Table 1:

Sociodemographic, inflammatory marker, and clinical characteristics of the study sample reported as mean 

(standard deviation) unless where reported as a percentage (n=37).

Baseline 6-month follow up 12-month follow up

Sex (% male) 62.2%

Age (years) 19.76 (4.69)

Race (% white) 56.8%

SOPS Negative Symptom Total Score 10.70 (6.11) 8.49 (5.40) 7.86 (5.28)

N1: Social Isolation or Withdrawal 1.95 (1.62) 1.73 (1.54) 1.73 (1.22)

N2: Avolition 2.03 (1.59) 1.57 (1.24) 1.68 (1.53)

N3: Decreased Expression of Emotion 1.30 (1.37) 1.24 (1.50) 0.95 (1.15)

N4: Decreased Experience of Emotions and Self 1.81 (1.70) 1.14 (1.42) 0.97 (1.36)

N5: Decreased Ideational Richness 1.11 (1.33) 1.03 (1.32) 0.73 (0.99)

N6: Deterioration in Role Functioning 2.51 (1.94) 1.78 (1.81) 1.81 (2.12)

CDSS 5.14 (4.50)
3.67 (3.42)

* 3.27 (3.24)

IL-1beta 0.0363 (1.05)

IL-6 0.6062 (1.26)

TNF −0.1653 (0.35)

IFN-gamma
** 0.1248 (0.95)

IL-10
* 0.0714 (0.86)

IL-1RA 0.5665 (0.95)

IL-8
* 0.1626 (0.99)

IL-4 0.9865 (1.81)

CDSS: Calgary Depression Scale for Schizophrenia; IL-1beta: interleukin 1 beta; IL-6: interleukin 6; TNF: tumor necrosis factor; IFN-gamma: 
interferon gamma; IL-10: interleukin 10; IL-1RA: interleukin 1 receptor antagonist; IL-8: interleukin 8; IL-4: interleukin 4.

*
n=36

**
n=35

Brain Behav Immun. Author manuscript; available in PMC 2020 February 01.


	Abstract
	Introduction
	Methods and Materials
	Subjects
	Assessments
	Plasma Collection and Assay
	Data Analyses

	Results
	Sociodemographic, clinical, and inflammatory characteristics of the sample
	Relationship between Inflammatory markers and negative symptoms at 6 and 12 months
	Inflammatory markers and negative symptom slopes

	Discussion
	References
	Figure 1.
	Table 1:

