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ARTICLE INFO ABSTRACT

Keywords: Increased levels of high-sensitivity C-reactive protein (hsCRP) is associated with several psychiatric disorders.

CRP Demographic factors such as age and gender might affect this association, but the results are conflicting. The aim

f\g&ng . of this study was to explore a relationship between age, gender and hsCRP in an acute psychiatric inpatient
pr; E?t:;lon population. We included 484 patients admitted to an acute psychiatric ward. Based on age distribution percentiles
Yy

(25%, 50% and 75 %), we categorized patients into three age groups; <31 years old, 31-47 years old and 2> 48
years old. Differences in serum levels of hsCRP between the age groups were assessed in the total sample, within
males and females, and within diagnostic groups. There were significant differences in hsCRP across age groups.
The effect was stronger in males than females. The significant differences between age groups were kept among
patients with substance use disorders and bipolar disorders, but not among schizophrenia spectrum disorders,
unipolar depression, neurotic disorders and personality disorders. Our findings suggest that the previously known
association between age and hsCRP is present within an acute psychiatric population. However, this association
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was not found for all psychiatric diagnoses.

1. Introduction

C-reactive protein (CRP) is a widely used marker of inflammation of
clinical importance especially in infection, but also in autoimmunity.
Increase in low levels of CRP (measured as high-sensitivity CRP, hsCRP)
is also gaining attention as a marker of cardiovascular risk. Importantly,
hsCRP is used to reveal those under intermediate (CRP > 1 mg/L) and
high (CRP > 3 mg/L) risk for cardiovascular events (Pearson et al., 2003;
Ziv-Baran et al., 2017). The level of hsCRP also differs between genders,
which might have consequences for the risk of cardiovascular diseases
and cancer (Halcox et al., 2014; Li et al., 2017).

During the last decade, hsCRP has gained increased interest in psy-
chiatry. Severe mental disorders such as schizophrenia, bipolar disorder
and depression have been associated with higher levels of CRP (Dick-
erson et al., 2013; Fernandes et al., 2016; Haapakoski et al., 2015). The
other way around, higher levels of hsCRP might also increase the risk for
schizophrenia, bipolar disorder and depression (Wium-Andersen et al.,
2016), which are comparable to the risk for somatic diseases (Wiu-
m-Andersen et al., 2014).
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When comparing variation in hsCRP among different psychiatric
disorders, it is important to be aware of confounding factors, of which
age is one. Actually, inflammaging is a term used to describe the altered
immune activity in old people (Deleidi et al., 2015; Rea et al., 2018). In
summary, the pathological process of inflammaging is an interaction
between several pillars (e.g. stress, epigenetics, macromolecular damage,
metabolism), and inflammation is a fundamental driver of this interac-
tion (Franceschi et al., 2018). Considering the immunological mecha-
nisms, macrophages are central in creating a chronic activation of the
innate immune system (Franceschi et al., 2000). More specifically, the
process of aging also influences our macrophages with decreased ability
to phagocytize, whereas production of pro-inflammatory cytokines in-
crease (De Maeyer and Chambers, 2021). These cytokines can stimulate
the liver into CRP production (Sproston and Ashworth, 2018).

Gender is also considered an important confounding factor when
assessing changes in hsCRP (Liu et al., 2014; Woloshin and Schwartz,
2005). Several studies on psychiatric patients have found higher levels of
hsCRP in females compared to males (Joseph et al., 2015; Wysokinski
et al., 2015), but the results are conflicting (Osimo et al., 2018;
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Sanchez-Autet et al., 2018). The risk for psychiatric disorders known to
be associated with higher hsCRP, might also differ between males and
females (Liu et al., 2014; Liukkonen et al., 2006).

Findings are deviating when studying the effect of hsCRP on age in
psychiatric patients (Haapakoski et al., 2015; Joseph et al., 2015). In
addition, only one study has investigated the effect of age and gender on
hsCRP on a group of patients admitted to an acute psychiatric department
(Osimo et al., 2018). Osimo and colleagues found that hsCRP was asso-
ciated with older age, but not gender, in an acute psychiatric population.
However, more studies are needed in order to conclude on the subject.
Inflammaging is related to several somatic age related diseases (France-
schi et al., 2018), but we still need more knowledge on how this in-
terferes with psychiatric disorders. Thus, we analysed the level of hsCRP
in different age groups and over different diagnostic groups and in
different genders in a large acute psychiatric inpatient population.

2. Methods
2.1. Aims and hypotheses

The aim of this study was to explore a relationship between age and
hsCRP in a general acute psychiatric inpatient population. A secondary
aim was to explore gender differences in levels of hsCRP. Thirdly, we
wanted to examine if there were any differences in these associations
within different psychiatric disorders. We hypothesized that hsCRP
would be related to both gender and age within an acute psychiatric
population, and that this would be relevant for a variety of psychiatric
disorders.

2.2. Design and setting of the study

This study is a cross sectional study. All patients admitted to the
inpatient acute psychiatric ward, Department of Mental Health, St. Olav's
University Hospital in Trondheim, Norway, from the end of 2004-2006
except vacations were eligible for inclusion (n = 834). Patients giving
written informed consent were included.

2.3. Ethics

The study was approved by the Norwegian Regional Committee for
Ethics (Identification number 199/04) and by Middle Norway and Nor-
wegian Social Science Data Services (NSD) (No 11771). The study is
registered at ClinicalTrials.gov (NCT00184418). Data collection and
analysis were performed according to the Declaration of Helsinki.

2.4. Patients

In total 585 patients gave written informed consent to participate and
were included (response rate: 70.14 %). Patients with immunologically
related disorders were excluded from the present analyses (International
Classification of Diseases version 10 (ICD-10): B17.1/18.2/18.9/20/24,
C77.4, D50, E10/10.4/10.9/14, G35, K50/51.9, M35/79; n = 21) or
presence of anti-thyroid peroxidase antibodies (n = 2). In addition, pa-
tients with missing data of CRP or hsCRP were excluded (n = 78). In total,
we obtained data for 484 patients for further statistical analysis.

2.5. Diagnoses

Patients’ psychiatric diagnoses were set upon discharge according to
ICD-10 Criteria for Research (WHO, 1993). Diagnoses were approved in a
consensus meeting with at least two senior psychiatrists or clinical psy-
chologists, of whom at least one had examined the patient personally.
Diagnosis were categorized into 7 groups based on ICD-10 codes: sub-
stance use disorders (SUD: F10-19), schizophrenia spectrum disorder
(SCZ: F20-29), bipolar disorders (F30-F31.5), unipolar depression
(F32-F33), neurotic disorders (F40-49), personality disorders (F60-69)
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and all other diagnoses as 'others'. If multiple diagnoses were made, the
primary diagnosis were used for further analysis.

2.6. Age groups

Based on age distribution percentiles (25%, 50% and 75 %), we
categorized patients into three age groups; <31 years old, 31-47 years
old and 2 48 years old.

2.7. Blood samples and laboratory assays

Blood samples were collected between 7:00 and 10:00 a.m. the first
working day upon admission. The samples were handled according to
standard procedures and analysed by Siemens Advia Chemistry XPT at the
clinical laboratory at St Olav's University Hospital, Trondheim, Norway.

2.8. Statistics

The biological parameter hsCRP was included as a continuous vari-
able. Diagnostic group, age groups and gender were categorical variables.
Since the normality of hsCRP level assessed by the Kolmogorov—-Smirnov
test was skewed, non-parametric statistical analyses were chosen for
further analysis.

We assessed differences in levels of hsCRP across age groups with a
Kruskal-Wallis H-test, both in total and gender separated samples. We
also examined if there was a difference in hsCRP level between male and
female within each age group by a Mann-Whitney U Test. Additionally,
we investigated the difference of hsCRP levels across the three age groups
within each diagnostic category by a Kruskal-Wallis H-test.

If a statistically significance was indicated in any analysis, Dunn-
Bonferroni correction was used for post-hoc test to avoid multiple test
problems. In this statistical analysis, IBM-SPSS version 22 was used to assess
all data. Significance level were set at < .05. All analyses were two-tailed.

3. Results
3.1. Demographic and clinical characteristics of the population

Demographic characteristics of patients including number of patients
in each diagnostic group are given in Table 1.

3.2. Level of hsCRP across age groups and genders

There were significant differences in hsCRP across age groups (x? (df)
= 39.862 (2), p = .000) (Table 2). After post-hoc Dunn-Bonferroni
correction, hsCRP levels were significantly higher in the oldest age group
compared to the youngest group (p = .000) and the middle age group (p

Table 1. Characteristics of patients.

Total (N = 484) Male (N = 223) Female (N = 261)

Age 39.0 (27.0-52.0) 38.0 (27.0-53.0) 40.0 (25.0-51.0)
Clinical Diagnoses

SUD 74 45 29

SCZ 91 45 46

Bipolar Disorders 59 30 29

Unipolar Disorders 96 37 59

Neurotic Diorders 44 14 30

Personality Disorders 33 10 23

Other 87 42 45

hsCRP (mg/L) 1.71 (0,62-4.75) 1.67 (0.58-5.78) 1.74 (0.63-4-34)

Data are presented as median with interquartile range or n.
Abbreviations: hsCRP: high sensitivity C-reactive protein, SCZ: schizophrenia
spectrum disorders, SUD: substance use disorders.
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Table 2. Levels of hsCRP across different age groups (hsCRP (mg/L)).

<3lyo 32-47 yo > 48 yo p-value
Total (n) 164 161 159

1.15 (0.38-2.55) 1.64 (0.67-4.58) 2.63 (1.16-8-22) p < 0.001
Gender Separated
Male (n) 74 81 68

1.07 (0.34-2.50) 1.64 (0.61-4.95) 4.94 (1.19-14.20) p < 0.001
Female (n) 90 80 91

1.16 (0.40-2-62) 1.62 (0.71-4.33) 2.20 (1.12-4-94) p = 0.001
Clinical Diagnosis
SUD (n) 27 29 18

2.19 (0.62-4.34) 3.04 (0.79-5.92) 9.12 (2.01-12.13) p =0.047
SCZ (n) 18 38 35

2.29 (0.45-5-51) 2.30 (0.73-5.52) 3.47 (1.41-13.45) p=0.169
Bipolar Disorders (n) 14 16 29

0.64 (0.31-1.92) 1.66 (0.61-3.49) 2.23 (1.27-5.23) p=0.013
Unipolar Depression (n) 34 28 34

0.90 (0.32-2-32) 1.61 (0.71-3-52) 2.01 (0.84-3-55) p = 0.065
Neurotic Diorders (n) 20 16 8

0.48 (0.31-1.95) 0.73 (0.56-1-63) 1.61 (0.36-7.14) p=0.180
Personality Disorders (n) 19 10 4

1.18 (0.40-2.48) 1,78 (0.82-8.47) 4,11 (0.47-11.92) p=0.433
Other (n) 32 24 31

1.11 (0.42-1.82) 1.11 (0.40-4.59) 3.66 (1.34-12.65) p = 0.001

Data are presented as n and median with interquartile range. P-values obtained by a Kruskal-Wallis H-test.
Abbreviations: hsCRP: high sensitivity C-reactive protein, SUD: substance use disorders, SCZ: schizophrenia spectrum disorders, yo = years old.

=.003). Similarly, the youngest age group had significantly lower hsCRP
than both middle and oldest age group (p = .008) (Figure 1).

In the male sample, there were significant differences comparing all
age groups x2 (df) = 27.234 (2), p = .000) (Table 2). A pairwise post-hoc
Dunn test with Bonferroni adjustment was significant for the oldest group
compared to the middle age group (p = .003) and for the oldest group
compared to the youngest (p = .000) (Figure 1). However, we found no
significant differences between the middle and youngest age groups (p =
.121). A significant difference between age groups was also found in
female patients oé (df) =14.774 (2),p = .001) (Table 2). However, here,
hsCRP was significantly different only between the oldest and the
youngest age groups (p = .000) (Figure 1).

Levels of hsCRP were not significantly different between males and
females (U = 27708, p = .364) in the total sample (Table 3).
Comparing the level of hsCRP between males and females in each of
the three age groups showed a significant difference only in the oldest
age group. Male patients aged 48 years and above had significantly
higher hsCRP level than females in same age group (U = 2377, p =
.013) (Table 3).

3.3. Level of hsCRP across psychiatric diagnostic groups

Analyzing hsCRP levels across age groups within the different diag-
nostic groups, showed that the significant difference between age groups
was kept among patients with SUD (x? (df) = 6.095 (2), p = .047), bipolar
disorders (x? (df) = 8.687 (2), p = .013) and “other” (x? (df) = 13.75 (2),
p = .001) (Table 2). For patients with SCZ, unipolar depression, neurotic
disorders and personality disorders, the effect of age did not reach sig-
nificance, even though the sample size for the groups SCZ and unipolar
depression was similar to the other groups (Table 2).

4. Discussion

We found an association between age and hsCRP in an acute psy-
chiatric inpatient population. The percentile of patients aged 48 years

and above had significantly higher levels of hsCRP compared to younger
patients. In addition, there was a gradient towards lowest hsCRP in the
lower percentile of patients aged 30 and below. The effect was stronger in
males than females. When analyzing within different psychiatric diag-
nostic groups, we found the age effect in all groups apart from those with
schizophrenia spectrum disorders, unipolar depression, neurotic disorder
and personality disorder.

Aging is associated with increased baseline inflammation measured
as hsCRP and pro-inflammatory cytokines (Daynes et al., 1993; Soysal
etal., 2016). However, most previous studies have focused on the old age
population (e.g. above 65 years old). For younger people reports are
sparse. Thus, our data showing significant effects of age also among
younger persons, though stronger in the older age groups, is interesting.
The age effect is important to bear in mind analysing CRP in relation to
diagnoses and symptom level.

Male gender was associated with increased hsCRP, especially in the
oldest age group. The higher hsCRP in males compared to females is in
line with a few other reports (Tayefi et al., 2017; Vetter et al., 2013). CRP
is a risk factor for several disease, including cardiovascular disorders.
Interestingly, psychiatric patients have a significantly increased risk of
cardiovascular disorders and morbidity (Hayes et al., 2017; Ringen et al.,
2014). It might be that inflammation and hsCRP is a common risk factor
for cardiovascular and psychiatric diseases (Sforzini et al., 2019).
Therefore, our finding of significantly increased hsCRP in older men is
important to explore further.

Previous studies on certain psychiatric diagnostic groups have shown
increased CRP compared to controls (Dickerson et al., 2013; Fernandes
et al., 2016). However, few have studied the level of inflammation
compared between different diagnostic groups. Comparing different
diagnostic groups could aid in exploring which psychiatric disorders
have increased inflammation as part of a general psychiatric stress, and
which disorders involve more inflammation as part of its etiology or
comorbidity. We now have been able to show that the age effect is seen in
many patient groups — though there seems to be less effect of age among
patients in the groups schizophrenia spectrum disorder, unipolar
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Figure 1. Differences in hsCRP levels among age groups. Part A shows results for the total sample, part B for gender separated sample. All p-values are obtained from
Kruskal-Wallis H-test after post-hoc Dunn-Bonferroni correction. Abbreviations: hsCRP: high sensitivity C-reactive protein yo; years old.

Table 3. Gender differences in hsCRP (mg/L).

Male (N = 223) Female (N = 261) p-value
Total sample 1.67 (0.58-5.78) 1.74 (0.63-4-34) p = 0.364
Age groups:
<3lyo 1.07 (0.34-2.50) 1.16 (0.40-2-62) p=0.851
32-47 yo 1.64 (0.61-4.95) 1.62 (0.71-4.33) p=0.976
2 48 yo 4.94 (1.19-14.20) 2.20 (1.12-4-94) p =0.013

Data are presented as median with interquartile range. P-values obtained by
Mann-Whitney U Test.
Abbreviations: hsCRP: high sensitivity C-reactive protein, yo = years old.

depression, neurotic disorders and personality disorders — a finding that
need to be further explored.

In the groups' neurotic disorders and personality disorders this may
have been due to loss of power with fewer participants. However, for the
groups’ schizophrenia and unipolar depression, the number of

participants was similar to or higher than the other groups. Inflammation
is a rather consistent finding in unipolar depression (Tayefi et al., 2017)
and in schizophrenia (Dickerson et al., 2013). Thus, it is possible that in
these diagnostic groups, the inflammation related to the diagnoses (e.g.
schizophrenia and depression) is masking the effect of age. It is inter-
esting that inflammation related to diagnoses in these groups is so pro-
nounced that it outlines the effect of age. Still, age should be taken into
account in future studies in depression and schizophrenia.

There are several weaknesses to the current study. We did not correct
for body mass index (BMI). As BMI is related to hsCRP (Groven et al.,
2019; Santos et al., 2005), this must be considered a weakness.
Furthermore, BMI alone may not be the main driver of increased CRP as it
may be a marker for other factors driving the metabolic syndrome. Also,
no data on medication was available. We did not have a healthy control
group that could extend the interpretation of the study. However,
considering that the primary aim of this study was to investigate the
effect of age on hsCRP within a population of psychiatric patients; a
healthy control group is not strictly necessary. Another limitation is that
the study was not powered for testing the relation between hsCRP and
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age. Finally, the cross sectional design is a weakness and we can therefore
not draw any causal conclusions between hsCRP and age.

It is a strength to the study that the sample size is rather high. In
addition, it represents a broad specter of psychiatric patients included
when they were severely and acutely ill. The population is heterogeneous
and were included from a health system free of charge, excluding many
socioeconomic confounders. All patients in the area needing acute psy-
chiatric services were admitted to this ward.

5. Conclusions

The present study indicates an association between hsCRP and higher
age in an acute psychiatric population. However, the association was
only found within some diagnostic categories, indicating that there are
other factors driving the inflammation where the association was lacking.
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