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Abstract

Schizophrenia is characterized by physical (mainly metabolic and cardiovascular) comorbidity and
shortened lifespan. High sensitivity C- reactive protein (hs-CRP), an inflammatory marker of
hepatic origin linked to metabolic and cardiovascular diseases and mortality in the general
population, has been reported to be elevated in people with schizophrenia. However, the
relationship of hs-CRP to psychiatric and medical risk factors, after controlling for potentially
confounding variables such as smoking, is not well established in schizophrenia. We assessed hs-
CRP levels along with various demographic, psychiatric, and metabolic measures in 88 clinically
stable outpatients with schizophrenia or schizoaffective disorder and 71 age epoch-matched
comparison subjects with no history of a major psychiatric illness. hs-CRP levels were
significantly higher in individuals with schizophrenia than in comparison subjects. Higher hs-CRP
levels in schizophrenia group were associated with female gender, more severe negative
symptoms, greater medical comorbidity, and worse metabolic risk factors including BMI, fasting
glucose, and hemoglobin Alc levels. hs-CRP was not related to age, race, education, smoking

Corresponding Author: Dilip V. Jeste, M.D., Senior Associate Dean for Healthy Aging and Senior Care, Estelle and Edgar Levi Chair
in Aging, Director, Sam and Rose Stein Institute for Research on Aging, Distinguished Professor of Psychiatry and Neurosciences,
University of California San Diego, 9500 Gilman Drive, #0664, La Jolla, CA 92093, Tel: +1 858 534 4020; Fax: +1 858 543 5475;
djeste@ucsd.edu.

Contributors

Jamie Joseph conducted literature reviews, data analyses, data interpretation, and manuscript preparation.

Colin A. Depp conducted data analyses, data interpretation, and manuscript preparation.

Averria Sirkin Martin was involved in data collection and manuscript preparation.

Rebecca Daly was involved in data collection, data management, and manuscript preparation.

Danielle K. Glorioso was involved in data collection and manuscript preparation.

Barton W. Palmer was involved with study design and manuscript preparation.

Dilip V. Jeste designed the study and was involved in manuscript preparation.

Conflicts of Interest
The authors declare no conflicts of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Joseph et al.

Page 2

status, antipsychotic dosage, or cognitive impairment. Longitudinal studies are needed to
investigate the relationship between hs-CRP and long-term health outcomes including metabolic
syndrome, cardiovascular disease, and mortality in schizophrenia.
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1. Introduction

Schizophrenia is characterized by an attenuated life expectancy (Dickerson et al., 2014;
Kirkpatrick et al., 2008). While cardiovascular and metabolic diseases are thought to be the
primary contributors to this early mortality (Almeida et al., 2014; Protopopova et al., 2012),
immune system dysregulation has also been proposed as a potential mechanism underlying
accelerated declines in physical health in people with schizophrenia (Jones et al., 2005). C-
Reactive Protein (CRP) is traditionally considered an acute phase response immune marker
that is activated by pro-inflammatory cytokines and secreted by hepatocytes (Pepys and
Hirschfield, 2003). CRP is also thought to be a biological marker of aging and chronic
illness, and a potential indicator of chronic low grade inflammation. CRP is linked with a
shorter lifespan in aging cohorts (Harris et al., 1999). Among older adults without
psychiatric illnesses, CRP has been also been reported to be related to sociodemographic
factors such as age, gender, education, and occupation (Demakakos et al., 2008). Elevated
CRP levels have been linked to multiple physical and lifestyle factors in non- psychiatric
populations such as those with obesity (Rogowski et al., 2005), metabolic syndrome
(Tsimikas et al., 2006), and smoking (Tracy et al., 1997; Dietrich et al., 2007). Therefore,
CRP is viewed as one of the biomarkers of aging, and is commonly assayed for aging related
health outcomes, specifically intermediate prediction of cardiovascular and metabolic
disease risk (Ridker, 2003; Ridker, 2007).

A meta-analysis of eight studies found that CRP levels were higher in people with
schizophrenia than in comparison subjects (Miller, Culpepper, & Rapaport, 2014). CRP has
been associated with more severe psychopathology (Fan et al., 2007), especially negative
symptoms (Fawzi et al., 2011; Garcia-Rizo et al., 2012) and worse cognitive functioning
(Dickerson et al., 2007, 2012). However, it remains unclear to what extent the elevation in
CRP in schizophrenia is due to specific factors associated with directly with the disorder,
including psychopathology and cognitive impairment, or to age-associated factors such as
medical comorbidity, metabolic dysfunction, and physical/life style factors (such as
smoking). For example, schizophrenia is associated with increased risk of higher body mass
index (BMI) (Lopresti and Drummond, 2013) and cardiovascular disease (Miller et al.,
2015; Sicras-Mainar et al., 2013). Notably, BMI is a significant predictor of inflammatory
marker levels and psychiatric readmission (Fawzi et al., 2015; Manu et al., 2014) in
schizophrenia and is closely linked to the incidence of metabolic syndrome (Saatcioglu et
al., 2015). An assessment of CRP levels and metabolic risk factors may have utility in
improving our understanding of metabolic dysregulation in schizophrenia. However, several
of the published studies have important limitations. For example, some of these
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investigations lacked appropriate comparison groups or included those confounded by
inadequate matching on demographic factors related to mortality, especially age and gender
(Akanji et al., 2009; Dickerson et al., 2007, 2012; Fawzi et al., 2015).

The aim of the current study was to determine the relationships of high sensitivity CRP (hs-
CRP) levels to demographic characteristics, current psychopathology, cognitive function,
physical comorbidity, and metabolic markers in people with schizophrenia and age epoch
matched comparison subjects with no history of a major psychiatric illness. We
hypothesized that hs-CRP levels would be elevated in people with schizophrenia relative to
the comparison group after controlling for sociodemographic factors. We also postulated
that higher hs-CRP levels in the schizophrenia group would be positively associated with
severity of negative symptoms, cognitive impairment, physical comorbidity, and metabolic
risk factors including BMI, fasting glucose, and hemoglobin Alc (HbALc) levels.

2. Methods

2.1 Study Participants

The present report is based on analysis of baseline data from an ongoing longitudinal study
of accelerated aging in schizophrenia. Although we previously published data on predictors
of self-reported happiness in a subset of this sample (Palmer et al., 2014), the current report
represents our first examination of the association of hs-CRP with psychiatric and medical
factors. The analyses were restricted to the participants who had a blood draw for the hs-
CRP assay. Participants included 88 adult outpatients with schizophrenia (n = 65) or
schizoaffective disorder (n = 23), and 71 comparison subjects with no history of major
neuropsychiatric illness, matched by age epoch (2635, 36-45, 46-55, and 56-65 years). All
study participants were recruited from the greater San Diego community and interviewed
using the Structured Clinical Interview for the DSM-IV-TR (SCID) (First et al., 2002).
Subjects were excluded if they had 1) other current DSM-1V-TR Axis | diagnoses; 2)
alcohol or other substance (other than tobacco) abuse or dependence within 3 months prior
to enrollment; 3) diagnosis of dementia, mental retardation, or a major neurological
disorder; 4) or any medical disability that interfered with their ability to complete the study
assessments. The protocol was reviewed and approved by the UC San Diego Human
Research Protections Program. All study participants provided written informed consent to
participate.

2.2. Sociodemographic and clinical characteristics

Sociodemographic characteristics (age, education, gender, race/ethnicity, marital status),
current smoking status), and illness-related factors (age of onset and duration of
schizophrenia, daily antipsychotic medication dosages) for the study sample were
ascertained through participant interview and review of available research and medical
records (with the appropriate HIPAA authorization from the study participants).
Antipsychotic medication daily dosages were converted to mg. chlorpromazine equivalent
(CPZE), based on published standards (Andreasen, et al. 2010).
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2.3 Current Psychopathology and Cognitive Functioning

Severity of psychopathology was evaluated with the interviewer-administered Scales for
Assessment of Positive Symptoms and Negative Symptoms (SAPS and SANS, respectively)
(Andreasen, 1983, 1984). Three global factor scores were computed from the SAPS and
SANS: positive (delusions and hallucinations), negative (affective flattening or blunting,
alogia, avolition-apathy, inattention, and anhedonia-asociality), and disorganized (bizarre
behavior and formal thought disorder) symptoms (Toomey et al., 1997).

Our assessment of cognitive deficits focused on executive functioning as this domain may
be particularly relevant to functional decline in schizophrenia (Fucetola et al., 2000; Palmer
and Heaton, 2000; Wobrock et al., 2008), Participants were assessed with the following
subtests from the Delis-Kaplan Executive Function System (D-KEFS) (Delis, et al., 2001):
Trail Making (Letter-Number Sequencing task), Color Word Inhibition (Switching
condition), and the Letter Fluency task (total F, A, and S trials). Using the SPSS 21 normal
rank function, D-KEFS raw scores were converted to z-scores and coded such that higher
scores represented better performance. The mean z-score for the D-KEFS tasks was used as
an Executive Functioning Composite score.

2.4 Comorbidity and BMI

Medical Comorbidity—This was measured with the Total Score from the Cumulative
IlIness Rating Scale, which combines the presence and severity of common medical
comorbidities (CIRS; Parmelee et al., 1995).

Body Mass Index (BMI)—BMI was based on assessment of participant height and weight
(http://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmicalc.htm).

2.5 Lab Assays

Fasting Blood Glucose and Alc (Glycated or Glycosylated) Hemoglobin—
These standard lab assays were done by the UC San Diego Clinical and Translational
Research Institute (CTRI) lab. HbAlc refers to the percentage of hemoglobin coated with
sugar, and reflects average blood sugar level for the previous two to three months. Higher
HbAlLc levels suggest worse blood sugar control and higher risk of diabetes and its
complications.

high sensitivity C-reactive protein (hs-CRP)—hs-CRP was measured with an assay
that has increased sensivity to detect CRP levels at lower ranges that may be associated with
intermediate cardiovascular disease risk (Ridker, 2003; Ridker, 2007). Fasting whole blood
samples were preserved with Ethylenediaminetetraacetic acid (EDTA). Following
centrifugation, the plasma was stored at —80°C until assay. Hs-CRP levels were processed
with a commercially available (MSD, Rockville, MD) enzyme-linked immunosorbent assay
(ELISA) at the CTRI lab. Intra- and inter-assay coefficients were <5%.

2.6 Statistical Analyses

Study data were analyzed using SPSS version 24 (SPSS, Inc.; Chicago, Illinois). All study
variables were examined for violation of distribution assumptions required for parametric
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analyses. BMI (square root) and hs-CRP (log) were transformed. Independent t-tests or
Pearson chi square tests were conducted to determine significant differences in
sociodemographic, clinical, and lab measures between schizophrenia and comparison
groups. Pearson bivariate correlates of hs-CRP and sociodemographic, clinical, and lab
measures were also performed in the two groups. Within each subject group, we employed
independent t-tests to examine differences in mean levels of hs-CRP when the groups were
subdivided by gender, race, marital status, or current smoking status. To explore differences
between the two groups in associations of hs-CRP with metabolic risk factors, we conducted
two-way ANCOVAs using diagnostic group (schizophrenia vs. comparison subjects),
metabolic risk factor (BMI level), and covariates at the p < 0.1 level (gender) that were
identified in the bivariate correlation analyses. Based on prior studies (Tracy et al., 1997;
Dietrich et al., 2007), we also included current smoking status as a potential covariate of hs-
CRP levels. Significant p values for all study variables were set at 0.05.

3.1 Schizophrenia and Non-Psychiatric Comparison Sample Characteristics

People with schizophrenia and comparison subjects were similar in terms of current age
(Table 1). Relative to the comparison sample, the schizophrenia group had lower education
and higher proportions of non-Caucasians, single/never married, and current smokers. As
expected, the schizophrenia group had worse psychopathology in terms of positive,
negative, and disorganized symptoms, but their total SAPS scores ranged from 0 to 16 (M:
6.5; SD: 4.5) and the total SANS scores ranged from 0 to 19 (M: 7.1; SD: 4.7), indicating a
generally mild level of severity for current psychopathology. The schizophrenia group also
had greater executive/cognitive impairment, medical comorbidity, BMI, and blood glucose
and HbAlc levels.

3.2 Comparison and Correlates of hs-CRP in schizophrenia and comparison subjects

hs-CRP levels were significantly higher in people with schizophrenia than in comparison
subjects. There was a significant gender difference such that women with schizophrenia had
higher hs-CRP than women from the comparison group as well as men with schizophrenia
(Figure 1). Gender by diagnosis group interaction was significant, F (2,155) = 3.8, p=0.047).
hs-CRP levels in either group of subjects were not related to race, marital status, or current
smoking status (data not shown).

The bivariate correlations of hs-CRP level and study variables in schizophrenia and
comparison groups are shown in Table 2. In the schizophrenia sample, elevated hs-CRP
levels correlated with greater medical comorbidity, BMI, fasting blood glucose, and HbAlc
levels. The only significant correlation of hs-CRP with a psychopathology variable was with
severity of negative symptoms. In the comparison subjects, hs-CRP levels were positively
correlated with BMI and fasting blood glucose, and inversely associated with executive
function.

To further explore the differences in associations between hs-CRP and study variables
across schizophrenia and comparison groups, we conducted a two-way ANCOVA with
gender [F (1,126) = 12.7, p = .001, partial eta squared = .091] and current smoking status
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[F(1,126) = .007, p = .932, partial eta squared <.001] as covariates. This analysis resulted in
a main effect for BMI level [F (2,126) = 17.8, p <.001, partial eta squared = .218], but hs-
CRP levels remained significantly higher in people with schizophrenia than in comparison
subjects [F (2,126) = 7.6, p = .007, partial eta squared = .057].

4. Discussion

Our hypotheses that hs-CRP levels would be significantly higher in individuals with
schizophrenia than in comparison subjects, and that the hs-CRP levels would be associated
with severity of negative symptoms, greater medical comorbidity, and worse metabolic risk
factors, were supported. These associations were not related to age, race, education, smoking
status, or antipsychotic dosage. However, we did not find a significant association of hs-
CRP with other psychopathology or with executive/cognitive impairment. Notably, there
was a significant gender effect, with higher hs-CRP levels in women with schizophrenia.

It is interesting that hs-CRP was not associated with schizophrenia-related psychopathology
(age of onset or duration of illness, severity of positive symptoms or disorganized
symptoms, cognitive function) as much as it was to physical (CIRS) and metabolic (BMI,
glucose, HbAlc) factors. The correlation with negative symptom severity, although
significant, was small. Also, the hs-CRP levels did not correlate with smoking or
antipsychotic dose or sociodemographic variables other than age. This might indicate that
hs-CRP could be one of the (possibly direct) biomarkers of schizophrenia-related metabolic
pathology.

There are several limitations of this study to consider. It was cross-sectional in nature, and
therefore, restricted our ability to determine cause-and-effect relationship, if any, between
hs-CRP and comorbidity or metabolic risk factors. Also, larger studies are needed to
demonstrate generalizability of our current findings. We did not observe significant
correlations between daily antipsychotic dosage and hs-CRP levels, although we could not
measure total lifetime antipsychotic exposure. The schizophrenia and comparison groups
differed on race, education, and smoking status, but these differences did not seem to affect
statistical significance of hs-CRP comparisons between the two groups.

Despite the limitations, the differential gender and BMI associations with hs-CRP in
schizophrenia are noteworthy. It is unclear why hs-CRP values were elevated to greater
extent among women with schizophrenia. Some prior studies have reported elevated levels
of CRP in women compared to men in non-psychiatric study samples (Rossi et al., 2012;
Onat et al., 2012; Konishi et al., 2014). Rossi et al. (2012) suggest that leptin levels may be a
moderator of gender-based differences in hs-CRP levels and adiposity in healthy comparison
subjects. Anthropometric assessments and measurement of leptin levels in future gender and
ethnicity-matched studies of hs-CRP would be helpful. Nonetheless, our findings suggest
that gender should be considered in studies examining CRP and potentially other
inflammatory markers in schizophrenia across the life course.

Longitudinal investigations are necessary for future development of new metabolic/
cardiovascular disease treatment targets in schizophrenia. Research on the covariation
among hs-CRP, gender, and metabolic risk factors including BMI, fasting blood glucose,
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and HbAlc in adults with schizophrenia may shed light on the direct and indirect influences
of illness and metabolic factors on hs-CRP and other inflammatory biomarkers. This is
especially pertinent to studies that may employ hs-CRP as a metabolic and cardiovascular
endophenotype for interventions that include behavioral and pharmacological weight loss
strategies for people with schizophrenia.
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Figure 1.

Gender by Diagnosis Associations of hs-CRP Levels (Means and Standard Bars)
Note: * Men versus women in the group with schizophrenia (t(87)=2.56, p=0.010); Men
versus women in the comparison group (t(70)=0.6, p=0.500.

Schizophr Res. Author manuscript; available in PMC 2016 October 01.



Page 12

jusjeAinb3 auizewoudiolyd = 374D
aJeas Buney ssauj|| aAleINWND = SYID

Xapu| sselN Apog = NG

Schizophr Res. Author manuscript; available in PMC 2016 October 01.

Joseph et al.

30N
100° 6€- =1 8 €c v's [0 (1/Bw) dyo-sy
7000 ve=l €0 9'G 1 9 (%) 9TV uigojBowsH
€100 Gz=l 9€T 6.8 928 8'€0T (Ip/Bw) asoan|9 poojg Bunseq
sanfeA ge
100 r'e-=1 T Lz €8 01 (zw/Bx) INg
100 89=} €e TE 0'G TL 81003 [€101 SHIO
1IN pue AJipigiowo)
100 7'6-=1 65 S 69 67 81005 aysodwo BuluonouNy 8ANNYEXT
T00 €0T-=1 9Ly 12T 6T €C 91095 103064 woydwAs paziuebiosiq
T0O° ¢TT-=1 8T 1 %7 fAA 81095 101084 WordwAS annebaN
100° 9CT-=1 00’ 660° 1€ €V 81095 10}0e4 WOldWAS aARISOd
uoniuboD pue Abojoyredoyossd
N - - - 80 2595 | (Aep/azdD Bw) asoq anoyoAsdiuy usiind
- - - - el 9'€e (srea A) ssaui] Jo uoneinQ
- - - - LTt 8'e (s1ea A) 185U e1uaIydozIydS Jo 8y
700> 6'GE =7 - 9'G - v'6y (s1xows uaLND %) sniels Bunjows
700> TiT= - 9'6C - G729 (paLLIBIN 133N ‘31BUIS %) SNeIS [edeIN
800° 0L=¢ - 9.9 - 99y (uerseane) o) d0ey
6.0 TE= - €S - '6€ (areIN %) J3pusD
100> TL=1 0 Lyt 0C 7Tl (sseaA) uolyeanp3
99’ gev' =1 GTT 205 80T 7’6 [GESIVEATE e}
as % 10 N as 9 10 N 21yde JHowspo100S

d | asenbs-1yo 401
(12 = N) s108[gns uosiaedwo) alareIydAsd-uoN | (88 = N) eluaaydoziyos

sdnolo uosiLredwo) auRIYIASH-UON pue eluaiydoziyds Jo sansualdeieyd

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 13

Joseph et al.

ute101d 8ANOBaY-O ANAIISUES YBIY = dHO-sY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Schizophr Res. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Joseph et al.

Table 2

Page 14

Pearson Correlates of Demographic, Clinical, and Metabolic Risk Factors and hs-CRP in Schizophrenia and

Non-Psychiatric Comparison Groups

hs-CRP (mg/L) in Schizophrenia (N = 88)

hs-CRP (mg/L) in Non-Psychiatric
Comparison Subjects (N = 71)

Variables r p r p
Current Age (Years) -.087 420 .090 455
Education (Years) -.016 .881 -171 154
Age of Schizophrenia Onset .106 .333 - -
Duration of Illness -.168 122 - -
Current Antipsychotic Dose (mg CPZE/day) | .063 .560 - -
Positive Symptom Factor Score .046 .669 - -
Negative Symptom Factor Score 215 .044 - -
Disorganized Symptom Factor Score .093 .389 - -
Executive Functioning Composite Score -.030 778 -.246 .039
CIRS Total Score .264 .013 117 .332
BMI (kg/m2) 317 .006 661 <.001
Fasting Blood Glucose (mg/dL) .300 .005 .257 .034
Hemoglobin Alc (%) 406 .001 -.008 .950

Note:

BMI = Body Mass Index

CIRS = Cumulative Iliness Rating Scale
CPZE = Chlorpromazine Equivalent

hs-CRP = high sensitivity C-Reactive Protein
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