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Abstract

Background: Posttraumatic stress disorder (PTSD) has been associated with increased
inflammation. C-reactive protein (CRP) is a marker of systemic inflammation, and recently,
single nucleotide polymorphisms (SNPs) in the CRP gene have been associated with
increased blood CRP protein levels and illness severity in PTSD patients. However, the
mechanism by which the CRP SNPsare involved in PTSD remains unclear. Here we
investigated the association of CRP genetic variation with blood proinflammatory protein
levels, symptomatology, and cognitive function, and further explored the moderating effect

of childhood maltreatment history, in adult patients with PTSD.

Methods: Fifty-seven Japanese civilian women with PTSD and 73 healthy control women
were enrolled. Three SNPsin the CRP gene, rs2794520, rs1130864, and rs3093059, were
genotyped, and analyses focused on rs2794520 (T/C). Serum levels of high-sensitivity CRP
(hsCRP), high-sensitivity tumor necrosis factor-o (hsTNF-a), and interleukin-6 were
measured. PTSD symptoms were evaluated by the Posttraumatic Diagnostic Scale.
Cognitive function was assessed by the Repeatable Battery for the Assessment of
Neuropsychological Status. Childhood maltreatment history was assessed by the Childhood

Trauma Questionnaire.

Results: Patients with the rs2794520 CC/CT genotype, compared to those with TT genotype,
showed significantly higher levels of hsCRP (p=0.009) and hsTNF-a (p=0.001), more severe
PTSD symptoms (p=0.036), and poorer cognitive function (p=0.018). A two-way analysis of

variance revealed a significant genotype-by-maltreatment interaction for more severe PTSD

avoidance symptom (p=0.012).

Limitations: The relatively small sample size limited our findings.



Conclusions: These findings may provide an insight into the etiology of PTSD from the

inflammatory perspective.

Keywords: Posttraumatic stress disorder (PTSD); Inflammation; CRP gene; Cognitive

function; Symptomatology; Childhood maltreatment.



1. Introduction

Posttraumatic stress disorder (PTSD) is a serious psychiatric condition that develops in a
subset of individuals following exposure to traumatic events. The lifetime prevalence of
PTSD is estimated at around 3.9% worldwide (Koenen et al., 2017). The disorder is
characterized by intrusion, avoidance, hyperarousal, and negative alterations in cognitions

and mood.

Evidence shows that PTSD is associated with alterations in the immune/inflammatory
system (Hori and Kim, 2019; Michopoulos et al., 2017). In line with this, studies have
demonstrated that patients with PTSD exhibit elevated blood levels of proinflammatory
cytokines such as interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) compared to
healthy controls (Passos et al., 2015). Recent studies have also reported increased levels of
C-reactive protein (CRP), a peripheral marker of inflammation, in PTSD patients (Lindqvist
et al., 2017; Miller etal., 2018; O'Donovan et al., 2017). However, the evidence for elevated
CRP levels in this disorder is somewhat mixed; for example, a meta-analysis did not observe
significant differences between PTSD patients and healthy controls (Passos et al., 2015). It is
postulated that such variability in findings can be partly attributable to genetic variation in

inflammation-related genes, including the CRP gene (Zass et al., 2017).

Both PTSD (Stein et al., 2002; True et al., 1993) and baseline variations in CRP (de Maat
et al., 2004; Pankow et al., 2001) are reported to be 30-50% heritable. Studies have shown
that specific single nucleotide polymorphisms (SNPs), including tag-SNPs (rs1205,
rs1130864, rs1800947, rs2794520, and rs3093059), of the CRP gene account for substantial
individual differences in circulating CRP protein levels (Crawford et al., 2006; Kathiresan et
al., 2006; Michopoulos et al., 2015; Miller et al., 2005; Miller etal., 2018). Moreover, a

longitudinal study in male veterans demonstrated that elevated CRP levels were



prospectively associated with PTSD symptom emergence (Eraly et al., 2014). These findings
together suggest that the CRP gene polymorphisms can contribute to the development of
PTSD by affecting inflammatory activity as indexed by peripheral CRP levels. Indeed, a
study conducted in predominantly African-American subjects (Michopoulos et al., 2015) and
another study conducted in mostly Caucasian subjects (Miller et al., 2018) have consistently
shown that SNPsin the CRP gene are associated with both blood CRP levels and PTSD
symptom severity. However, the mechanism by which the CRP SNPs are involved in the

development and symptoms of PTSD is not fully understood.

CRP is a sensitive inflammatory molecule synthesized primarily in liver hepatocytes.
While its role in the brain is not clear, recent evidence suggests that peripheral CRP can
affect the central nervous system through the blood-brain barrier (Elwood et al., 2017). In
agreement with this, it is shown that higher circulating CRP levels are associated with worse
cognitive function in the general population (Wersching et al., 2010; Yang et al., 2015).
Patients with PTSD may have inflammation in the brain as well as in the periphery; for
example, they show dysfunction in a wide range of cognitive domains such as memory;,
attention, working memory, and executive function (Narita-Ohtaki et al., 2018; Scott et al.,
2015). Concordantly, we observed that higher high-sensitivity CRP (hsCRP) levels, in
addition to IL-6 and high-sensitivity TNF-a (hsTNF-a) levels, were significantly negatively
correlated with attention in PTSD patients (Imai et al., 2018). To our knowledge, however,
no studies have examined the relationship between CRP polymorphisms and cognitive

function in PTSD patients.

It is well documented that a variety of environmental factors as well as the genetic
background, and the resultant complex gene-environment interactions, can increase the risk

for developing PTSD (Koenen et al., 2008). Among these environmental components,



childhood maltreatment has been reliably associated with an increased likelihood of this
disorder (Agorastos et al., 2014b; Scott et al., 2010). Moreover, polymorphisms of several
candidate genes for PTSD, including FKBP5 (Binder et al., 2008; Xie et al., 2010) and
BDNF (Jin etal., 2019), have been shown to interact with childhood maltreatment to
influence the development and severity of PTSD. Further, studies have shown that childhood
maltreatment history is associated with increased inflammation (Baumeister etal., 2016;
Slopen et al.,, 2013). It can therefore be expected that the CRP genetic variation may interact
with childhood maltreatment to affect PTSD severity; however, we are not aware of any

studies that have investigated this interaction in individuals with PTSD.

This study aimed to investigate the relationships of CRP genetic variation with circulating
CRP protein levels, PTSD symptomatology, and cognitive function in a sample of Japanese
women. We focused on three SNPswithin the CRP gene, namely rs2794520, rs1130864, and
rs3093059, based on evidence for their association with PTSD (Michopoulos et al., 2015;
Miller et al., 2018) and with CRP levels (Liu et al., 2016; Michopoulos et al., 2015; Miller et
al., 2005; Miller et al., 2018). Protein levels of IL-6 and TNF-q, in addition to the CRP
levels, were also measured, considering the close interactions between CRP and these
proinflammatory cytokines; 1L-6 and TNF-a induce the production of CRP (Calabro et al.,
2003; Zhang et al., 1996) whereas CRP induces TNF-a (Sproston and Ashworth, 2018) and
IL-6 (Hattori et al., 2003). Furthermore, we explored the interaction between CRP genetic
variation and childhood maltreatment history for present PTSD severity. We hypothesized
that patients carrying the CRP risk alleles would show higher levels of inflammatory
markers and greater PTSD symptoms and cognitive dysfunction and that childhood
maltreatment would interact with the risk allele to cause more severe PTSD symptoms. This
study was conducted as part of an ongoing larger project, and the reasons for sole inclusion

of females in this study were that the vast majority of the sample included in our entire



project were females and that sex differences have been shown in the pathology of PTSD

(Ney et al., 2019) and inflammatory responses (Lakoski et al., 2006).

2. Methods

Detailed methods are described in Supplementary Methods.

2.1. Participants

This study was approved by the ethics committees of the institutes involved, including
National Center of Neurology and Psychiatry, Tokyo Women’s Medical University, and
Nagoya City University, and was conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all participants after they had received a

detailed explanation of the study.

A total of 57 civilian patients with PTSD (age range: 23-59 years) participated in this
study. All patients had already been diagnosed as having PTSD by their attending clinicians.
The experience of traumatic events and diagnosis of PTSD were confirmed by the
Posttraumatic Diagnostic Scale (PDS) (Foa, 1995). The Mini International Neuropsychiatric
Interview (MINI) (Sheehan et al., 1998) was also administered to identify any other Axis-I

disorders as well as PTSD.

In addition, 73 non-trauma-exposed healthy control subjects (20—64 years) were recruited
through advertisements and by word of mouth. The PDS and MINI were also administered
to healthy controls in order to ascertain the absence of traumatic experiences or any Axis-I

disorders (if present, they were excluded from this study).



All participants were Japanese women who resided in metropolitan areas in Japan,
including Tokyo and Nagoya. There were no subjects, including both patients and controls,
who presented clinically apparent signs/symptoms of acute infection or had severe physical

illness or apparent intellectual disability.

2.2. Psychological assessment

Psychological and clinical characteristics of participants were assessed by using three self-
report questionnaires, including the PDS (Foa, 1995), the Childhood Trauma Questionnaire
(CTQ) (Bernstein et al., 2003), and the Athens Insomnia Scale (AIS) (Soldatos et al., 2000).
Cognitive functions were measured using the Repeatable Battery for the Assessment of

Neuropsychological Status (RBANS) (Randolph et al., 1998).

The PDS was created in accordance with the diagnostic criteria of PTSD in DSM-IV. This
scale comprises four parts that evaluate traumatic experiences (Parts 1 & 2), PTSD severity
during the past month (Part 3), and the associated functional impairments (Part 4). The
assessment of PTSD severity in Part 3 consists of 17 items, each scored on a 4-point scale of
symptom frequency, with higher scores indicating greater symptoms. In the present study;,
we used the validated Japanese version of PDS (Nagae et al., 2007), and administered Parts 1

& 2 to all participants and Parts 3 & 4 to only patients with PTSD.

The CTQ (Bernstein et al., 2003) assesses five types of childhood maltreatment, including
emotional abuse, physical abuse, sexual abuse, emotional neglect, and physical neglect. The
28-item version of CTQ, which was translated from the original English version into
Japanese by one author, was used in the present study. All items are rated on a 5-point scale

and can be summed to generate the five subscale scores as well as the total score, with higher



scores indicating more severe maltreatment. We classified those subjects with the total CTQ
score of 51 or lower into “lower CTQ” group and those with the score of 52 or higher into
“higher CTQ” group. This cut-off score of 51 was created by summing up the upper limit
scores for “slight to moderate” maltreatment for each CTQ subscale across the five
subscales, according to the cut-off scores defined in the manual of CTQ (Bernstein and Fink,

1998).

The AIS is an 8-item questionnaire for assessing insomnia symptoms (Soldatos et al.,
2000). Each item is scored on a 4-point scale, with higher scores indicating more severe
symptoms. In the present study, the validated Japanese version (Okajima et al., 2013) of the

AIS was used.

The RBANS is a neuropsychological test battery that assesses five main cognitive
domains, including immediate memory, visuospatial construction, language, attention, and
delayed memory (Randolph etal., 1998). Index scores of these five domains can be
combined to generate the total score, which provides a global measure of neuropsychological
performance. These age-corrected scaled scores are standardized such that the population
mean is 100 and the standard deviation (SD) is 15. In the present study, the validated

Japanese version (Matsui et al., 2010) of the RBANS was used.

2.3. Measurement of inflammatory markers

Blood samples were collected from each participant around noon before lunch (between
11:30 AM and 12:30 PM) for the measurement of three proinflammatory markers, including
hsCRP, hsTNF-a, and IL-6. Serum concentrations of these markers were measured at a

clinical laboratory (SRL Inc. Tokyo, Japan); hsCRP was measured by nephelometry, hsTNF-



a was measured by enzyme-linked immunosorbent assay, and IL-6 was measured by
chemiluminescent enzyme immunoassay. Intra- and inter-assay coefficients of variation for
hsCRP at 356.0 and 2071.4 ng/ml were all less than 2.1%. Intra- and inter-assay coefficients
of variation for hsTNF-a at 0.73 and 6.3 pg/ml ranged between 2.9% and 6.0%. Intra- and
inter-assay coefficients of variation for IL-6 at 59.3, 170.8, and 523.0 pg/ml were all less
than 2.6%. There were no subjects who showed hsCRP levels > 10,000 ng/ml (i.e., 10 mg/l),

an objective feature of acute infection (Chu et al., 2019).

2.4. CRP genotyping and analysis

The human CRP gene comprises two exons separated by one intron, and a long 3'
untranslated region. As mentioned earlier, the three tag-SNPs, i.e., rs2794520, rs1130864,
and rs3093059, were selected in this study; while the other two tag-SNPs of the CRP gene
that are also shown to influence CRP protein levels, i.e., rs1205 and rs1800947, were
excluded, given that rs1205 is in a perfect linkage disequilibrium with rs2794520 (both D'
and r? are 1.0) and that the minor allele frequency of rs1800947 is less than 0.05, in a

Japanese population (Machiela and Chanock, 2018; Yamaguchi-Kabata et al., 2015).

Genomic DNAwas extracted using the Maxwell 16 Blood DNA Purification Kit
(Promega, Madison, WI, USA) from buffy coat smears as part of centrifuged venous blood.
The three SNPs, rs2794520 (assay ID: C 177486 _10), rs1130864 (C__ 7479332_10),

and rs3093059 (custom assay ID: ANGZMNP; forward primer, 5°-

TTGGTTTTTTGCATGGACACA-3’; reverse primer, 5’-
TGTCAGGGCCGTCATTTAGTG-3’; probe 1, 5’-VIC-TCTCAGCCGATTGAGTA-MGB-
NFQ-3’; probe 2, 5’-FAM-CTCAGCCAATTGAGTACA-MGB-NFQ-3’), were genotyped

using the TagMan SNP Genotyping Assays. The polymerase chain reaction was carried out
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using GeneAce Probe qPCR Mixa (Nippon Gene, Toyama City, JPN) under following
conditions: 1 cycle at 95°C for 10 min followed by 45 cycles of 95°C for 15 sec and 60°C
for 1 min. The allele-specific fluorescence was measured with ABI PRISM 7900 Sequence
Detection Systems (Applied Biosystems, Foster City, CA). All samples had a genotyping call
rate of 97% or greater. Linkage disequilibrium was calculated using Haploview version 4.2

software (Barrett et al., 2005).

2.5. Statistical analysis

Averages are reported as “mean + SD”, or “median (25-75th percentile)” when
appropriate. To compare averages between two groups, the t-test or Mann-Whitney U test
was used; this selection was based on the nature and distribution of the data. Categorical
variables were compared using the y?test, or Fisher’s exact test when expected cell
frequencies were less than five. Correlations among serum inflammatory marker levels were

calculated by the Spearman’s rank order correlation (rho).

The main data analyses were conducted through the following steps. First, we compared
genotype/allele frequencies of the three SNPs between patients and controls. Then, PTSD
symptom severity, cognitive function, and inflammatory marker levels were compared
between the genotype groups in each diagnostic group, except that PTSD severity was
compared only in patients. Lastly, a two-way analysis of variance (ANOVA) was performed
to assess the main effect of genotype and of maltreatment (i.e., the lower CTQ group vs.

higher CTQ group), as well as their interactive effect, on PTSD severity.

All statistical analyses were performed using the Statistical Package for the Social

Sciences version 25.0 (IBM Corp., Tokyo, Japan). Statistical significance was set at two-

11



tailed p < 0.05 unless otherwise specified. For the three subscales of PDS and five domains

of RBANS, the Bonferroni-corrected p values were adopted for the significance threshold to

correct for multiple comparisons (this correction was not applied to the total score of PDS
and that of RBANS). Specifically, the significance was set at p < 0.017 (= 0.05/3) for the
three PDS subscales and at p < 0.01 (= 0.05/5) for the five RBANS domains; while the
original threshold of p < 0.05 (and greater than the Bonferroni-corrected p values) was

considered as statistical trend.

3. Results

3.1. Sample characteristics

Demographic characteristics, clinical/psychological variables, and inflammatory marker

levels in patients with PTSD and healthy controls are summarized in Table 1.

Mean age of patients and that of controls were both mid-to-late 30s, but they were
significantly different (p = 0.03). Patients and controls did not significantly differ in
education level, smoking status, or body mass index (calculated as weight in kilograms
divided by height in meters squared) (all p > 0.1). Compared to controls, patients reported
significantly more childhood experiences of maltreatment (assessed with the CTQ) and
poorer sleep quality (assessed with the AIS) (all p < 0.001). Numbers of “lower CTQ”
subjects and “higher CTQ” subjects were 21 and 35 for patients and 70 and 3 for controls,

respectively, which was significantly different (p < 0.001 by Fisher’s exact test).

Concerning clinical characteristics, most patients developed PTSD after experiencing

interpersonal violence such as physical and/or sexual violence during adulthood, and had

12



been ill for more than six months at the time of study participation. Many of the patients had
psychiatric comorbidity, and were receiving psychotropic medications. The patients were, on

average, moderately severely ill, as indexed by the mean total score of PDS.

As for comorbid physical illness and use of medications that can influence peripheral
inflammation, three subjects (patients) had diabetes mellitus, two subjects (one subject and
one control) had hypertension, two subjects (patients) had dyslipidemia, 13 subjects (11
patients and two controls) were taking non-steroidal anti-inflammatory drugs, and one

subject (patient) was taking statin.

Compared to controls, patients showed significantly higher serum IL-6 levels (p = 0.026)
while there were no significant differences in hsCRP or hsTNF-a levels between groups
(both p > 0.1). Patients demonstrated significantly poorer performance on all the RBANS
subscales, including immediate memory (p < 0.001), visuospatial construction (p = 0.006),
language (p =0.001), attention (p < 0.001), and delayed memory (p < 0.001), as well as the
total score (p < 0.001). These results on inflammatory markers and cognitive function all

confirmed those of our previous study (Imai et al., 2018).

Serum hsCRP levels were significantly, albeit not strongly, correlated with hsTNF-a (rho

=0.30, p<0.001) and IL-6 (rho = 0.37, p < 0.001) levels in the total sample (n = 129).

3.2. CRP gene polymorphisms

Genotype and allele distributions of the three CRP polymorphisms in patients and controls
are summarized in Table 2. As shown in this table, genotype frequencies did not deviate from

Hardy-Weinberg equilibrium in controls or in patients for any of the three SNPs genotyped.

13



There were no significant case-control differences in genotype or allele frequencies for any

of the three SNPs (Table 2).

Minor allele frequencies of rs2794520 (T/C), rs1130864 (G/A), and rs3093059 (A/G) in
our total sample (i.e., patients and controls combined) were 0.29, 0.06, and 0.14,
respectively; these frequencies closely matched those reported in a representative genome
variation database of Japanese individuals, ie., 0.32,0.07, and 0.14, respectively (Machiela

and Chanock, 2018; Yamaguchi-Kabata et al., 2015).

Linkage disequilibrium was calculated using the total sample, which revealed that
rs2794520 was in strong linkage disequilibrium with both rs1130864 (D' = 1.0, r?2 = 0.15)
and rs3093059 (D' = 1.0, r? = 0.40) although r? values were low. Given this result, together
with the low frequency of the minor allele for rs1130864 and rs3093059 (minor allele
frequency in the patient group was less than 0.10 for these two SNPSs), we decided to focus
only on rs2794520 in all subsequent analyses. Furthermore, given the small number of the
CC genotype of rs2794520 (three subjects in the PTSD group and seven in the control

group), we combined the CC genotype with the CT genotype into asingle CC/CT genotype

group.

3.3. Relationships of CRP rs2794520 with circulating proinflammatory marker levels,

symptomatology, and cognitive function

Demographic/clinical/psychological variables and inflammatory marker levels in PTSD
patients and healthy controls, stratified by the rs2794520 genotype groups, are shown in

Supplementary Table S1.
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As presented in Fig. 1 and Supplementary Table S1, PTSD patients with the CC/CT
genotype of rs2794520 showed significantly higher levels of hsCRP (p = 0.009) and hsTNF-
a (p =0.001) than those with the TT genotype; for IL-6, a trend-level difference was
observed (p = 0.055). There was no significant difference in level of hsCRP between PTSD

patients with the CC/CT allele and healthy controls with the CC/CT allele.

Fig. 2 and Supplementary Table S1 present the relationships of rs2794520 genotypes with
PTSD symptom severity and cognitive function in patients. Compared to patients with the
TT genotype, those with the CC/CT genotype had significantly more symptoms as indexed
by PDS total scores (p = 0.036), with the difference in intrusion subscale scores being at a
trend level (p =0.027); in contrast, no significant differences were seen in avoidance or
hyperarousal subscale scores. Compared to patients with the TT genotype, those with the
CC/CT genotype demonstrated significantly lower RBANS total scores (p = 0.018), with the
differences in language (p = 0.035), attention (p = 0.039), and delayed memory (p = 0.033)
performance being at a trend level;, no significant differences were found in immediate

memory or visuospatial construction.

In healthy controls, no significant differences were observed between those with the
CC/CT genotype and those with the TT genotype for any proinflhmmatory markers or

cognitive functions (Supplementary Table S1).

3.4. Interaction between the CRP polymorphism and childhood maltreatment for PTSD

symptoms

The two-way ANOVA for evaluating the effects of rs2794520 genotype, childhood

maltreatment, and their interaction on PTSD symptom severity revealed that there were no
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significant main effects of genotype, maltreatment, or genotype-by-maltreatment interaction
for PDS total scores, intrusion subscale scores, or hyperarousal subscale scores (all p >
0.05). For avoidance subscale scores, however, this analysis revealed significant genotype-
by-maltreatment interaction [F(1,52) = 6.83, p = 0.012], with no significant main effect of
genotype [F(1,52) =1.02, p = 0.32] or maltreatment [F(1,52) =1.56, p = 0.22] (Fig. 3). This
result indicated that the rs2794520 C-allele interacts with childhood maltreatment to increase

PTSD avoidance symptoms.

4. Discussion

In this study we investigated effects of the CRP rs2794520 polymorphism on peripheral
proinflhmmatory markers, symptomatology, and cognition in Japanese civilian women with
PTSD. We also examined interaction between this SNP and childhood maltreatment history
for PTSD symptoms. The main findings can be summarized as follows. Compared to
patients with the TT genotype, those with the CC/CT genotype exhibited significantly higher
hsCRP and hsTNF-a levels, more severe PTSD symptoms, and greater cognitive
impairment. Furthermore, significant interaction was observed between this polymorphism

and childhood maltreatment for avoidance symptom severity.

Our finding of the association of CRP genetic variation with higher blood CRP levels and
more severe symptoms in Japanese female patients mostly triggered by interpersonal trauma
is consistent with previous studies of PTSD patients among urban African American men
and women (Michopoulos et al., 2015) and veterans with predominantly white men (Miller
et al., 2018). These results suggest that CRP genetic variation may lead to more severe

phenotype of PTSD by causing increased inflammation. We also found that the CRP
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rs2794520 polymorphism is associated with significantly higher hsTNF-a levels. This
observation may be accounted for by the bidirectional interaction between CRP and hsTNF-
a (Calabro et al., 2003; Sproston and Ashworth, 2018), and suggests that the CRP genetic
variation may result in an increase in multiple proinflammatory markers including cytokines
as well as CRP. It should be noted, however, that patients and controls did not significantly
differ in the rs2794520 genotype frequency or blood levels of CRP and hsTNF-a. Taken
together, it may be that this polymorphism defines more severe subgroup of PTSD in terms
of inflammation and symptomatology rather than confers vulnerability for this disorder in
general. Alternatively, given the results of significantly higher IL-6 levels in patients than in
controls and of the trend-level association between rs2794520 polymorphism and IL-6 levels
in patients, it is possible that this polymorphism may cause increased infllmmation in PTSD
patients as a group via the mechanism of interaction between CRP and IL-6 (Calabro et al.,
2003; Hattori et al., 2003; Zhang et al., 1996). In this regard, further studies with larger

sample sizes are needed to draw any conclusion.

As mentioned earlier, PTSD is associated with wide-ranging cognitive impairments
(Narita-Ohtaki et al., 2018; Scott et al., 2015). It is also shown that PTSD patients have
hippocampal morphologic abnormalities (Logue etal., 2018) and increased risk of
developing dementia (Yaffe etal., 2010). Neurogenesis in the hippocampus is associated
with cognitive function (Alam et al., 2018), and inflammation in the brain adversely affects
neurogenesis and cognition (Muhie et al., 2017; Ryan and Nolan, 2016). The present study is
the first, to our knowledge, to show the association between CRP genetic variation and
cognitive impairment in patients with PTSD. CRP was originally thought to be a peripheral
proinflhmmatory marker, but it has recently been suggested that CRP may influence the
central nervous system (Elwood et al.,, 2017; Strang et al., 2012). Therefore, the CRP genetic

variation can cause increased levels of proinflammatory molecules, thereby leading to
17



neuroinflammation and cognitive dysfunction. Besides cognitive impairment, the more
severe PTSD symptoms associated with the CRP polymorphism might also be caused by
inflammation in the brain, given the evidence that inflammation can be causally involved in
the emergence and maintenance of such symptoms. For instance, animal studies have shown
that elevated inflammation impairs extinction of fear memory (Young et al., 2018; Yu et al.,
2017). In line with this, human studies have demonstrated that increased inflammation is
associated with enhanced amygdala activation in response to threatening stimuli (Inagaki et

al., 2012; Swartz et al., 2017).

Our findings indicate that the C-allele, relative to the T-allele, of CRP rs2794520 is
associated with elevated inflammation and more severe phenotype of PTSD. In line with our
results, previous studies have identified that the C-allele of rs2794520 was associated with
higher blood CRP levels (Chu et al., 2012; Li et al., 2016). On the other hand, frequencies of
rs2794520 C-allele compared to T-allele vary substantially across different ethnic
populations. The frequency of C-allele was approximately 0.30 in our sample, being
consistent with that described in a database of Japanese individuals (Yamaguchi-Kabata et
al., 2015). In contrast, the frequency of this allele is reported to be around 0.65 among many
other populations such as Europeans, according to the Genome Aggregation Database
(gnomAD). Thus, the minor allele of rs2794520 is the C-allele in Japanese populations
whereas globally it is the T-allele. These together indicate that the C-allele of rs2794520 is
associated with increased inflammation (and related phenotypes) across ethnicities,

irrespective of its relative frequency in the population.

Effects of environmental factors can be modified by genetic factors, and it is widely
accepted that complex gene-environment interactions are involved in the pathogenesis of

PTSD (Koenen et al., 2008). Among a wide variety of environmental factors, childhood
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maltreatment can be particularly relevant here, as it has been associated with both increased
inflammation (Baumeister et al., 2016; Slopen et al., 2013) and risk for PTSD (Agorastos et
al., 2014b; Scott et al., 2010). Supporting this, we observed the significant interaction
between rs2794520 genotype and childhood maltreatment severity for PTSD avoidance
symptoms, demonstrating an example of gene-environment interaction involved in this
disorder. While we are not aware of any previous studies reporting the interaction between
CRP genetic variation and childhood maltreatment in PTSD, there are studies that show such
interactions for SNPs of other key genes, such as FKBP5 (Binder et al., 2008; Xie et al.,
2010) and BDNF (Jin et al., 2019). The reason for the specific association with avoidance
symptom observed here is not clear, but this may suggest that childhood maltreatment might

magnify the CRP genetic effect on this aspect of symptomatology.

There were several limitations to this study. First, the sample size may have been not large
enough for some statistical comparisons, in which type Il errors might have occurred.
Moreover, the limited sample size did not allow us to include the two genotyped SNPs with
relatively low minor allele frequencies, i.e., rs1130864 and rs3093059, in the analyses.
Second, this study was conducted only with Asian women, and therefore our findings cannot
be readily extrapolated to other populations such as men and other ethnicities. For example,
the risk C-allele frequencies of CRP rs2794520 are known to vary widely across ethnicities,
as mentioned earlier. In addition, prevalence of PTSD has been consistently shown to be
higher in women compared to men (Kessler et al., 1995). The heritability of PTSD can also
differ between men and women, such that this heritability is generally estimated at around
30-40% (Stein et al., 2002) whereas it can be as high as 72% when the sample was restricted
to females (Sartor et al., 2011). Still, the observed significant association of the CRP
polymorphism with symptom severity and blood CRP levels in PTSD patients was consistent

with the findings from previous studies targeting male (and both sex) African-
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Americans/Caucasians (Michopoulos et al.,, 2015; Miller et al., 2018), which suggests that
this association can be observed across different populations. Third, as the proinflammatory
marker levels were examined using peripheral blood, the inflammatory status in the brain is
not known. For instance, several studies have shown that plasma and cerebrospinal fluid IL-
6 levels in PTSD patients do not correspond to each other (Agorastos et al., 2019; Agorastos
et al., 2014a). Fourth, although there were no significant differences in any comorbid
psychiatric disorders between the CC/CT patients and TT patients (Supplementary Table S1),
potentially confounding effects of these comorbidities such as depression and
alcohol/substance abuse/dependence cannot be totally excluded. Finally, we used a
retrospective measure to assess childhood maltreatment, which may have caused certain

biases such as recall bias.

In conclusion, this study shows significant relationships of the CRP genetic variation with
circulating proinflammatory markers, symptom severity, and cognitive dysfunction in a
sample of Japanese women with PTSD. We further demonstrate the significant interaction
between the CRP polymorphism and childhood maltreatment for more severe PTSD
avoidance symptom. These findings may provide an insight into understanding the etiology
of PTSD from the inflammatory perspective. Future studies with different populations and

larger sample sizes are required to replicate our findings and verify the generalizability.
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Figure legends

Fig. 1. Comparisons of blood proinflammatory marker levels between PTSD patients

with the CRP rs2794520 CC/CT genotype (n = 28) and those with TT genotype (n = 28).

Combined dot- and box-plot shows serum concentrations of (a) hsCRP, (b) hsTNF-a, and (c)
IL-6 for PTSD patients with the CC/CT genotype and those with the TT genotype. **: p <
0.01; ***: p =0.001; 1: p < 0.1 (by Mann-Whitney U test). Abbreviations: hsCRP, high-
sensitivity C-reactive protein; hsTNF-a, high-sensitivity tumor necrosis factor-a; IL-6,

interleukin-6.

Fig. 2. Comparisons of symptom severity and cognitive function between PTSD

patients with the CRP rs2794520 CC/CT genotype (n = 28) and those with TT genotype
(n=29).

(@) PTSD severity was assessed by the PDS. (b) Cognitive function was assessed by the
RBANS. Error bars indicate SEM. *: p <0.05 for total scores; f: p <0.05 for subscale scores

(by t-test). Abbreviations: PDS, Posttraumatic Diagnostic Scale; RBANS, Repeatable

Battery for the Assessment of Neuropsychological Status.

Fig. 3. Interaction between CRP rs2794520 genotype and childhood maltreatment

severity for PTSD avoidance symptom severity in patients.

Patients were classified into “lower CTQ” (n=21) and “higher CTQ” (n = 35) groups using
the cut-off of total CTQ score (i.e., 51/52). Avoidance symptom severity was assessed by the
PDS. Error bars indicate SEM. *: interaction p < 0.017 (by two-way analysis of variance).
Abbreviations: PDS, Posttraumatic Diagnostic Scale; CTQ, Childhood Trauma

Questionnaire.
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Table 1. Demographic/clinical/psychological variables and inflammatory markers in PTSD patients and healthy controls

PTSD patients Healthy controls Analysis
(n=57) (n=73) Statistic df. p

Age, year: mean + SD 39.7+9.3 35.1+13.8 t=2.3¢ 125.4  0.03

Education level?: median (25-75th percentile) 3 (3-4) 3(3-4) Mann-Whitney U = 1885.0  0.32

Smoking: yes, n (%) 8 (14.0) 5 (6.8) ?=18 1 0.18

Body mass index: mean + SD 215+3.3 20.7+2.6 t=1.64 103.7 0.12

Outpatients/inpatients: n/n 56/1 N.A

DuraFion of illness, less than 6 months/6 months or 3/54 NA

more: n/n

Type of index trauma
Interpersonal violence: yes, n (%) 47 (82.5) 0(0.0)

Accident: yes, n (%) 3(5.3) 0(0.0)
Disaster: yes, n (%) 1(1.8) 0(0.0)
Other: yes, n (%) 6 (10.5) 0 (0.0

Comorbid psychiatric disorder, any: yes, n (%) 54 (94.7) 0 (0.0
Major depressive disorder: yes, n (%) 33 (57.9) 0 (0.0
Bipolar disorder: yes, n (%) 4 (7.0) 0 (0.0
Anxiety disorder: yes, n (%) 30 (52.6) 0(0.0)

Alcohol/substance abuse or dependence: yes, n (%) 9 (15.8) 0(0.0)
Medication, any: yes, n (%) 46 (80.7) 0(0.0)
Antidepressant: yes, n (%) 30 (52.6) 0 (0.0
Anxiolytic: yes, n (%) 30 (52.6) 0 (0.0
Hypnotic: yes, n (%) 21 (36.8) 0 (0.0
Antipsychotic: yes, n (%) 14 (24.6) 0 (0.0
Mood stabilizer: yes, n (%) 7(12.3) 0(0.0)

CTQP, total score: mean + SD 60.1 +20.8 36.0+84 t=8.24 68.9 <0.001
Emotional abuse®: mean + SD 149+6.8 72+32 t=7.9¢ 73.2  <0.001
Physical abuse® mean + SD 8.8+4.6 5.1+0.38 t=6.0¢ 55.7  <0.001
Sexual abuse®: mean + SD 8.1+54 53+1.0 t=3.9¢4 58.0 <0.001
Emotional neglect®: mean + SD 18.1+£55 119+50 t=6.7 127  <0.001
Physical neglect®: mean + SD 10.1+4.2 6.5+1.8 t=6.14 706  <0.001

PDS, total score: mean + SD 31.2+99 N.A
Intrusion: mean + SD 82+34 N.A
Avoidance: mean + SD 13.6+4.7 N.A
Hyperarousal: mean + SD 9.4+35 N.A

AISP: mean + SD 10.7+4.9 3.8+3.0 t=9.3¢ 85.7  <0.001

RBANS, total score: mean = SD 87.5+£219 1055 = 13.3 t=5.54 87.6 <0.001
Immediate memory®: mean + SD 84.4+£20.0 98.3+13.8 t=45¢ 95.3  <0.001
Visuospatial construction: mean £ SD 94.9+13.9 101.0 £10.3 t=28¢ 99.6  0.006
Language: mean + SD 98.7+19.3 108.9 £14.0 t=35 128  0.001
Attention: mean + SD 94.0+17.2 107.1+£14.4 t=47 128 <0.001
Delayed memory®: mean + SD 90.9+17.6 101.8 +13.2 t=3.9¢ 101.3 <0.001

hsCRP (ng/ml)°: median (25-75th percentile) 167.0 (92.0-443.0)  200.0 (128.0-377.0) Mann-Whitney U = 1880.5  0.44

hsTNF-a. (pg/ml)°: median (25-75th percentile) 0.78 (0.59-0.95) 0.70 (0.60-0.88) Mann-Whitney U = 1852.0  0.36

IL-6 (pg/ml)°: median (25-75th percentile) 0.90 (0.70-1.25) 0.80 (0.60-1.10) Mann-Whitney U =1579.0  0.026

Abbreviations: PTSD, posttraumatic stress disorder; SD, standard deviation; d.f., degree of freedom; CTQ, Childhood Trauma Questionnaire;
PDS, Posttraumatic Diagnostic Scale; AlS, Athens Insomnia Scale; RBANS, Repeatable Battery for the Assessment of Neuropsychological
Status; hsCRP, high-sensitivity C-reactive protein; hsTNF-a, high-sensitivity tumor necrosis factor-a; IL-6, interleukin-6; N.A., not applicable.

Notes: Bold p values represent significant results.

aCoded as follows: 1, junior high school graduate; 2, high school graduate; 3, some college graduate / partial university; 4, university graduate;
5, graduate school graduate.

bn = 56 for PTSD patients
°n = 72 for healthy controls
dAssumption of homogeneity of variance was not satisfied.



Table 2. Genotype and allele distributions of the CRP gene polymorphisms in PTSD patients and healthy controls

HWE p-value
Genotype counts (frequency) Minor allele frequency
df=1)
Allele . . 2 test/
SNP Chr Location PTSD patients (n = 57) Control subjects (n = 73) X o2 test
(M/m) Fisher's OR
Patients Controls  p-value .
0 Patients  Controls
MM Mm mm MM Mm mm exact test =1 (95%Cl)
p-value
rs2794520 1 3' flanking TIC 29 25 3 35 31 7 0.712 0.272 0.308 0.52 0.84 0.42 0.97
region (0.509) (0.439) (0.053) (0.479) (0.425) (0.096) (0.49-1.44)
rs1130864 1  3'untranslated G/A 51 6 0 64 9 0 0.75 0.053 0.062 0.76 0.85 0.67 0.57
region (0.895) (0.105) (0.000) (0.877) (0.123) (0.000) (0.29-2.45)
rs3093059 1 5' flanking AIG 47 9 1 50 20 3 0.20? 0.096 0.178 0.06 0.49 0.48 0.58
region (0.825) (0.158) (0.018) (0.685) (0.274) (0.041) (0.23-1.05)

Abbreviations: PTSD, posttraumatic stress disorder; Chr, chromosome; SNP, single nucleotide polymorphism; M, major allele (in Japanese); m, minor allele (in Japanese); Cl, confidence interval; HWE, Hardy-
Weinberg equilibrium; OR, odds ratio; df, degree of freedom.

& Fisher's exact test.
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Fig. 2
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Fig. 3
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Supplementary Table S1. Demographic/clinical/psychological variables and inflammatory markers in PTSD patients and healthy controls stratified by the CRP rs2794520 genotype

PTSD patients Healthy controls

(n=57) Analysis (n=13) Analysis
(CnC:/ 2CE;; ( n1T29) statistics d.f. p (C;::/ 3C§;; ( n1T35) statistics d.f. p

Age, year: mean + SD 38.8+96 406+9.0 t=0.72 55 0.48 33.4+136 37.0£14.0 t=11 71 0.27

Education level*: median (25-75th percentile) 3(3-4) 4(3-4) Mann-Whitney U = 334.0 0.22 3(34) 3(3-4) Mann-Whitney U = 638.0  0.74

Smoking: yes, n(%) 7 (25.0) 1(3.4) Fisher's exact test 0.025 2(5.3) 3(8.6) Fisher's exact test 0.67

Body mass index: mean + SD 21.8+3.7 213+29 t=0.48 55 0.63 205425 21.0+2.7 t=0.83 71 0.41

Outpatients/inpatients: n/n 28/0 28/1 Fisher's exact test 1.0 N.A N.A

Duration of illness, less than 6 months/6 months or more: n/n 2/26 1/28 Fisher's exact test 0.61 N.A N.A

Type of index trauma Fisher's exact test 0.17

Interpersonal violence: yes, n (%) 22 (78.6) 26 (89.7) 0(0.0) 0(0.0)
Accident: yes, n (%) 1(3.6) 1(3.4) 0(0.0) 0(0.0)
Disaster: yes, n (%) 0(0.0) 1(3.4) 0(0.0) 0(0.0)
Other: yes, n (%) 5(17.9) 1(3.4) 0(0.0) 0(0.0)

Comorbid psychiatric disorder, any: yes, n (%) 26 (92.9) 28 (96.6) 0(0.0) 0(0.0)
Major depressive disorder: yes, n (%) 17 (60.7) 16 (55.2) ¥=0.18 1 0.67 0(0.0) 0(0.0)
Bipolar disorder: yes, n (%) 2(7.1) 2(6.9) Fisher's exact test 1.0 0(0.0) 0(0.0)
Anxiety disorder: yes, n (%) 14 (50.0) 16 (55.2) ¥=0.15 1 0.70 0(0.0) 0(0.0)
Alcohol/substance abuse or dependence: yes, n (%) 7 (25.0) 2(6.9) Fisher's exact test 0.079 0(0.0) 0(0.0)

Medication, any: yes, n (%) 23 (82.1) 23(79.3) 0(0.0) 0(0.0)
Antidepressant: yes, n (%) 18 (64.3) 17 (58.6) ¥¥=0.19 1 0.66 0(0.0) 0(0.0)
Anxiolytic: yes, n (%) 16 (57.1) 15 (51.7) ¥=017 1 0.68 0(0.0) 0(0.0)
Hypnotic: yes, n (%) 15 (53.6) 8(27.6) =40 1 0.046 0(0.0) 0(0.0)
Antipsychotic: yes, n (%) 9(32.1) 7(24.2) ¥*=0.45 1 0.50 0(0.0) 0(0.0)
Mood stabilizer: yes, n (%) 4(14.3) 3(10.3) Fisher's exact test 0.71 0(0.0) 0(0.0)

CTQb, total score: mean + SD 61.8+24.7 58.4 + 16.6 t=059° 45.1 0.56 36.6+8.3 353+87 t=0.67 71 0.51
Emotional abuse®: mean + SD 152+73 147+6.4 t=0.29 54 0.77 7.4+£30 7+33 t=0.54 71 0.59
Physical abuse® mean + SD 92+47 84+46 t=0.68 54 0.50 51+04 51+04 t=0.22 71 0.83
Sexual abuse”: mean + SD 9.1+6.4 7341 t=1.2° 432 0.22 54+10 52+10 t=0.84 71 0.41
Emotional neglectb: mean + SD 176+6.6 18.6 £4.2 t=0.67° 43.9 0.51 12.2+5.0 11.7+£5.0 t=0.43 71 0.67
Physical neglect”: mean + SD 10.7+5.2 9.6+29 t=1.0° 40.3 0.32 66+19 6.4+17 t=0.49 71 0.62

AIS®: mean + SD 115+54 99+43 t=13 54 0.21 40£34 3625 t=0.53 71 0.60

PDS, total score: mean + SD 34.0+105 285+8.6 t=22 55 0.036 N.A N.A
Intrusion: mean + SD 9.2+34 72+31 t=23 55 0.027 N.A N.A
Avoidance: mean + SD 14747 125+45 t=18 55 0.083 N.A N.A
Hyperarousal: mean + SD 10.1+4.0 87+29 t=1.4° 49.0 0.16 N.A N.A

RBANS®, total score: mean + SD 80.6 +24.4 94.1+17.0 t=24 55 0.018 106.1 +£13.7 104.8 £13.0 t=0.42 70 0.67
Immediate memory®: mean + SD 81.2+215 87.4+183 t=12 55 0.24 98.2+123 98.4+155 t=0.70 70 0.94
Visuospatial construction: mean + SD 92.6 £16.9 97.1+10.1 t=1.2° 43.8 0.23 100.3+10.4 101.8 £10.1 t=0.59 71 0.56
Language: mean = SD 93.3+223 1039+14.4 t=22 55 0.035 110.7 £15.1 107.0 £12.7 t=1.12 71 0.27
Attention: mean + SD 89.3+16.8 98.6 +16.5 t=21 55 0.039 106.9 +14.8 107.4+14.1 t=0.14 71 0.89
Delayed memory®: mean + SD 85.8+20.2 95.8+13.3 t=2.20° 46.4 0.033 103.2+13.0 100.3+£135 t=0.94 70 0.35

hsCRP (ng/ml)’: median (25-75th percentile) 212.5(138.0-703.5) 143.5 (79.3-204.3) Mann-Whitney U = 233.0 0.009 230.0 (141.5-476.0) 192.0 (108.0-325.0) Mann-Whitney U = 570.5 0.30

hsTNF-a (pg/ml)®: median (25-75th percentile) 0.90 (0.70-1.175) 0.675 (0.418-0.80)  Mann-Whitney U = 183.5 0.001 0.775 (0.60-0.90) 0.70 (0.470-0.880) Mann-Whitney U =544.0 0.18

IL-6 (pg/ml)*: median (25-75th percentile) 1.1(0.80-1.48) 0.80 (0.70-1.10) Mann-Whitney U = 275.5 0.055 0.80 (0.60-1.0) 0.80 (0.50-1.10) Mann-Whitney U = 637.5 0.76

Abbreviations: PTSD, posttraumatic stress disorder; SD, standard deviation: d.f., degree of freedom; CTQ, Childhood Trauma Questionnaire; PDS, Posttraumatic Diagnostic Scale; AIS, Athens Insomnia Scale; RBANS, Repeatable Battery for the Assessment
of Neuropsychological Status; hsCRP, high-sensitivity C-reactive protein; hsTNF-o, high-sensitivity tumor necrosis factor-o; IL-6, interleukin-6; N.A., not applicable.

Notes : Bold p values represent significant results.

“Coded as follows: 1, junior high school graduate; 2, high school graduate; 3, some college graduate / partial university; 4, university graduate; 5, graduate school graduate.

°n = 56 for PTSD patients, n = 73 for controls, n = 27 for patients with CC/CT, n = 29 for patients with TT

“n = 57 for PTSD patients, n = 72 for healthy controls, n = 38 for controls with CC/CT, n = 34 for controls with TT

“n = 56 for PTSD patients, n = 73 for controls, n = 28 for patients with CC/CT, n = 28 for patients with TT

Assumption of homogeneity of variance was not satisfied.



Supplementary Methods

Participants

The present study was conducted at three institutes: National Center of Neurology and

Psychiatry (NCNP), Tokyo Women’s Medical University, and Nagoya City University.

Patients with posttraumatic stress disorder (PTSD) were consecutively recruited at the
three institutes and their affiliated hospitals/clinics in Tokyo and Nagoya (two metropolitan
areas in Japan). Most patients were outpatients at these hospitals and clinics, and their
attending doctors were asked to inform the researcher of all potentially eligible patients. The
remaining few patients were outpatients at the nearby clinics and were recruited through
advertisements on our website. All patients had already been diagnosed as having PTSD by
their attending clinicians. The experience of traumatic events and diagnosis of PTSD were
confirmed by the validated Japanese version (Nagae et al., 2007) of the Posttraumatic
Diagnostic Scale (PDS) (Foa, 1995). In addition, the validated Japanese version (Otsubo et
al., 2005) of the Mini International Neuropsychiatric Interview (M.1.N.I) (Sheehan et al.,
1998) was administered by an expert clinician or clinical psychologist to identify any other
Axis-1 disorders as well as PTSD. Patients with comorbid schizophrenia and those with
marked manic episodes of bipolar disorder were excluded from the study.

Healthy volunteers were recruited at NCNP through advertisements in free local
magazines and on our website and by word of mouth. The PDS was administered to healthy
controls in order to examine the presence/absence of traumatic experiences and, if present,
they were excluded from this study. All healthy subjects were interviewed by a

board-certified psychiatrist which included M.I.N.I and non-structured interview, and those



who demonstrated current Axis-1 disorders or apparent signs of past psychiatric disorders

were excluded.

A significant subset of the present participants (86 of the total 130 participants: 66.2%)
had been included in our previous study on inflammatory markers in PTSD patients (Imai et

al., 2018).

Psychological assessment

Psychological/clinical characteristics and cognitive functions of participants were assessed
by using the following self-report questionnaires and neuropsychological test battery:

Posttraumatic Diagnostic Scale (PDS) (Foa, 1995)

The PDS comprises four parts that evaluate traumatic experiences reflecting Criteria A of
the DSM-1V (Parts 1 & 2), PTSD severity during the past month reflecting Criteria B-D
(Part 3), and functional impairments associated with PTSD symptoms (Part 4). In the present
study, we administered Parts 1 & 2 to all participants in order to determine the
presence/absence of traumatic experiences, and if present, Parts 3 & 4 were administered for
the assessment of diagnosis and severity of PTSD. We used the Japanese version of PDS that

has demonstrated good reliability and validity (Itoh et al., 2017; Nagae et al., 2007).

Childhood Trauma Questionnaire (CTQ: Bernstein et al., 2003)

The commonly-used 28-item version of CTQ includes five subscales that assess different
types of childhood maltreatment: emotional abuse, physical abuse, sexual abuse, emotional
neglect, and physical neglect, each comprising five items, along with three items to assess

response validity. In the present study, we used the CTQ after translating it from the original



English version into Japanese by one of the authors (HH), which was then back-translated
into English by another Japanese researcher, and the back-translated English version was
sent to and approved by the original author (Professor David Bernstein). Cronbach o
coefficients of the 5 CTQ subscales, i.e., emotional abuse, physical abuse, sexual abuse,
emotional neglect, and physical neglect, in the present sample (n = 129) were 0.92, 0.84,
0.94, 0.91, and 0.71, respectively. It was administered to both patients and control subjects;

there was one subject (patient) who did not complete this questionnaire.

Athens Insomnia Scale (AlS; Soldatos et al., 2000)

The AIS is an 8-item self-report questionnaire used to assess insomnia symptoms,
including both nocturnal sleep problems and daytime dysfunction (Soldatos et al., 2000). In
the present study the validated Japanese version (Okajima et al., 2013) of the AIS was
administered to both patients and controls. There was one subject (patient) who did not

complete this questionnaire.

Repeatable Battery for the Assessment of Neuropsychological Status (RBANS; Randolph et

al., 1998

The RBANS is a neuropsychological test battery that assesses five main cognitive
domains derived from 12 subtests including immediate memory (consisting of list learning
and story memory), visuospatial construction (figure copy and line orientation), language
(picture naming and semantic fluency), attention (digit span and coding), and delayed
memory (list recall, list recognition, story recall, and figure recall). Index scores of the 5
domains can be combined to generate a total RBANS score, which provides a global
measure of neuropsychological performance. The RBANS has demonstrated good

psychometric properties in both clinical and nonclinical populations (Duff et al., 2005;



Matsui et al., 2010; McKay et al., 2007; Weber, 2003). We used the Japanese version of PDS
that has demonstrated good reliability and validity (Itoh et al., 2017; Nagae et al., 2007). It
was administered in a quiet room on a one-on-one basis, with an average completion time of
approximately 30 min. Scoring was performed in accordance with the manual guidelines
(Matsui et al., 2010; Randolph et al., 1998). There was one subject (healthy control) who did
not complete the memory assessment of RBANS; for this subject, only the valid part of data

was included in the analysis.

Measurement of inflammatory markers

We measured serum levels of three proinflammatory markers, including high-sensitivity
C-reactive protein (hsCRP), high-sensitivity tumor necrosis factor-o (hsTNF-a), and
interleukin-6 (IL-6). The detection limit for hsCRP was 51 ng/ml; hsCRP levels of nine
subjects (7.0 % of the total 129 subjects) were below this limit. For hsTNF-a, the detection
limit was 0.6 pg/ml (except that this limit was 0.15 pg/ml for 42 subjects who were enrolled
in this study after more sensitive reagent for hsTNF-a became available); hsTNF-a levels of
13 subjects (10.1%) were below this limit. For IL-6, the detection limit was 0.3 pg/ml; none
of the subjects showed IL-6 levels below this limit. Values under these detection limits were
treated as 0 (ng/ml or pg/ml). There was one subject (patient) who did not provide a blood

sample for the measurement of these inflammatory markers.
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