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Suicide as an Inflammatory Process: A CRP-based Case-control

Study
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Abstract

Introduction: The number of suicide attempts and related deaths
among adolescents is increasing every day. Although suicide presents
a problem for the general population, it is a more serious problem
for those with psychiatric diseases. Previous studies demonstrated
the association between inflammation and psychiatric disease. Thus,
we aim to investigate the relationship between adolescent suicide
attempts and the inflammatory biomarker C-reactive protein (CRP).

Methods: This research was designed as a case-control study.
The study population consisted of patients who been admitted
to the pediatric emergency department between 01.03.2016 and
01.03.2019 following a suicide attempt. Healthy volunteers of
similar age and gender characteristics who had been admitted to
the pediatric clinic for routine examination were also recruited. The
groups were compared in terms of demographic and clinical features
and serum CRP levels.

Results: A total of 239 patients (108 patients and 131 controls)
were included in the study. No difference in terms of demographic
data was noted between the groups. The serum CRP levels of
the control and suicide groups were 1.5+1.5 and 12.7+6.4 mg/L,
respectively (p<0.01). The mean serum CRP levels of cases with and
without psychiatric disorders were 14.3+4.2 and 9.7+2.7 mg/L,
respectively (p=0.03).

Conclusion: Levels of CRR a strong inflammatory marker, were
higher in patients who had attempted suicide than in those who
had not. CRP levels were also higher in patients with a psychiatric
disease than in those without.
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Giris: Cocukluk cagi 6zkiyim girisimi sayisi ve buna bagl élimler gin
gectikce artmaktadir. Bu durum tim popllasyon icin bir sorun teskil
etse de psikiyatrik hastaliga sahip olanlar icin daha ciddi bir sorundur.
Onceki calismalar enflamasyon ile psikiyatrik hastalik birlikteligini
gOstermistir. Biz de buradan yola cikarak cocukluk cagi 6zkiyim
girisimleri ile enflamatuvar bir biyomarker olan C-reaktif protein
(CRP) iliskisini arastirmayi planladik.

Yontemler: Cocuk acil servisine 01.03.2016-01.03.2019 tarihleri
arasinda 6zkiyim girisimi nedeniyle basvuran ve calismaya katiimayi
kabul eden calisma grubu ve saglikli gonilli bireylerden olusmus
kontrol grubu ile yapilan bu arastirma ileriye yonelik karakterde
bir olgu-kontrol calismasi olarak dizayn edilmistir. Her iki grubun
demografik ve klinik verilerine ilaveten CRP dizeyleri incelenmistir.
Tdm bu parametreler agisindan gruplar karsilastiriimistir.

Bulgular: Calismaya 108 olgu, 131 kontrol olmak tzere toplam 239
olgu dahil edilmistir. Gruplar arasinda demografik veriler agisindan
fark tespit edilmemistir. Serum CRP dlzeyleri acisindan gruplar
degerlendirildiginde kontrol grubunun ortalamasi 1,5+1,5 mg/L
olarak saptanirken, olgu gurubunun ortalamasi 12,7+6,4 mg/L
olarak bulunmustur. (p<0,01) Psikiyatrik hastalik varligi agisindan
degerlendirildiginde, CRP duzeyi, psikiyatrik hastalik tanisi almis
grupta ortalama 14,3+4,2 mg/L olarak saptanirken, psikiyatrik
hastalik tanisi almamis grupta 9,7+2,7 mg/L olarak saptanmistir
(p=0,03).

Sonug: Ozkiyim girisiminde bulunan bireylerde kuvvetli bir
enflamatuvar belirteg olan CRP normal popllasyona gore ylksek
saptanmistir. Bu klinik strec ile ilgili enflamasyonun rolinin daha
ayrintili bir sekilde incelenmesi gerekmektedir.
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Introduction

The numbers of adolescent suicide attempts and deaths due
to suicide have increased over time. According to a World
Health Organization report, suicide accounted for 1.4%
of all deaths worldwide in 2004." Suicidal thoughts occur
much more frequently than suicidal attempts. Approximately
13% of the population report having had these thoughts
during their lives.? This rate is even higher among those with
psychiatric diseases, with some studies revealing 40% of
patients experiencing suicidal ideation within the first 5 years
after diagnosis.>®

Inflammation and tissue damage may cause some protein
levels in the blood to increase. These increased proteins,
including Creactive protein  (CRP), serum amyloid A,
procalcitonin, and interleukin (IL)-6, are generally called
acute-phase reactants.®” CRP is the most commonly used
molecule in emergency departments because it is the least
expensive one. CRP is mainly synthesized in hepatocytes.
Trauma, infectious diseases, autoimmune diseases, infarcts,
and neoplasms can increase the serum level of CRP Serum
levels of this molecule are known to increase because of
inflammation.  Psychological stress, behavioral changes,
nutritional imbalances, and biochemical changes may affect
the production of acute-phase reactants.®’® Prolonged
starvation, fatigue, insomnia, exercise, iron deficiency, and zinc
deficiency may also elevate levels of acute-phase reactants in
the presence of inflammatory disease.” '

When the pathophysiology that causes suicide is investigated,
inflammation is one of the mechanisms identified.™ Previous
studies found high levels of IL-2 and IL-6 in the cerebrospinal
fluid and peripheral blood samples of patients who had
attempted suicide.”'> Postmortem examination of brain
tissue samples from individuals who had died by suicide show
increased inflammation.™ The immunohistochemical staining
of CRP in the hippocampal region is noteworthy." Although
some studies noted increased cytokine levels in patients with
depression, different cytokine profiles have been observed
in persons who have attempted suicide.”™ In addition,
although several biomarkers show higher expression during
inflammation, the relationship between CRP and mental
function is especially remarkable.

Our first aim is to investigate whether serum CRP levels
differ between the healthy population and patients who had
attempted suicide. Our second aim is to compare the serum
CRP levels of patients with and without psychiatric disorders
among suicidal individuals.

Materials and Methods

This study was conducted in the pediatric emergency
department of the university hospital located in the city center

between 01.03.2016 and 01.03.2019. This research was
designed as a case-control study and given approval by the
Local Ethics Committee, izmir Katip Celebi University (date:
08.08.2019, no: 340). Consent forms were obtained from the
legal guardian of the participants because of the age of our
patients (<18 years).

Cases

The study group consisted of cases who were admitted to
the pediatric emergency department because of a suicide
attempt. We included only patients with drug intoxication as
a suicidal intervention method. We did not include cases who
attempted suicide with other methods (e.g., hanging, falling
from a certain height). The control group included volunteer
children and adolescents of similar age, gender, and ethnic
characteristics who were admitted to the pediatric clinic for
routine examination. Patients whose white blood cell counts
were high than normal values for their age were excluded
from the control group (to eliminate possible infectious
disease). The demographic and clinical data of both groups
were recorded. Serum CRP levels were also examined for both
groups. In the suicide group, the CRP value was obtained at the
first admission to the emergency room. In the control group,
serum samples were taken at the time of application to the
clinic. The groups were compared in terms these parameters.
Subjects in the suicide group were further categorized as
those who had a psychiatric diagnosis and those who did not.

The inclusion criteria for the case group were as follows: (1)
came to the pediatric emergency department because of a
suicide attempt and (2) agreed to participate in the study. The
exclusion criteria were as follows: (1) taking any medication
that changes blood biochemical values, (2) previous infectious
or inflammatory disease, (3) pregnancy confirmed by elevated
serum B-human chorionic hormone levels, (3) abnormal
values in complete blood count (to eliminate possible
infectious disease), (4) diagnosed with any chronic disease,
(5) chronic use of drugs or other substances, (6) exposure to
an antibiotic or anti-inflammatory agent during the week, (7)
body mass index higher than +2 standard deviations, and (8)
did not agree to participate in the study. Psychiatric evaluation
for cases who attempted suicide was performed by a child
and adolescent psychiatric specialist.

Laboratory Analysis

Serum CRP levels were measured via the particle-enhanced
immunoturbimetric method using the Diamention RCRP
system (Siemens Medical Solutions, USA) in the biochemistry
laboratory of the hospital. Normal CRP values vary by age and
ethnicity. According to a report published by the National
Health and Nutrition Evaluation Survey in 2005, 48% of
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21,000 healthy subjects had a CRP level of <2 mg/L, 43%
had a CRP level of 2-10 mg/L, and of 8% had a CRP level
of >10 mg/L." Because each laboratory has a unique cut-off
value, we used “5 mg/L,” which is the cut-off value of our
laboratory.

Statistical Analysis

The data were analyzed using SPSS 20.0 (SPSS Inc., IL, US),
and the results were presented as mean (standard deviation)
or number (%) where applicable. An independent t-test was
used when only two groups were compared. Chi-squared
analysis was performed to compare categorical data; when
the chi-squared assumption did not meet the criteria, Fisher’s
Exact test was performed. The alpha-level of significance was
set at p<0.05.

Results

A total of 239 patients (108 cases and 131 controls) were
included in the study. The control group consisted of 121
(92.4%) females and 10 (7.9%) males, while the case group
consisted of 102 (94.4%) females and 6 (5.6%) males (p=0.5).
The mean ages of the patient and control groups were
15.1£2 and 15.7+1.3 years, respectively (p=0.1). In the case
group, 103 cases (95.4%) were found to be residents and
5 (4.6%) were immigrants. In the control group, 126 cases
(96.1%) were residents and 5 (3.9%) were immigrants. The
case and control groups were similar in terms of demographic
data (Table 1).

In the case group, 74 children (68.5%) were diagnosed with
psychiatric disorders by a child and adolescent psychiatric
specialist. Of these, 35 (32.5%) were diagnosed with major
depressive disorder, 30 (27.7%) were diagnosed with impulse
control disorder, 6 (5.5%) were diagnosed with generalized
anxiety disorder, and 3 cases (2.8%) were diagnosed with
other disorders (Table 2).

Table 1. Gender, ethnicity, and age characteristics of the study groups

When the groups were evaluated in terms of serum CRP level,
which constitutes the main construct of the study, the mean
serum CRP levels of the control and case groups were 1.5+1.5
and 12.7+6.4 mg/L, respectively [t=3.7, p<0.01 (t-test); Table
3].

According to the reference values reported by the National
Health and Nutrition Evaluation Survey in 2005, serum CRP
levels were found to be normal in 119 (90.8%) cases in the
control group and high in 12 (9.2%) patients in the control
group. In the suicide group, 28 (25.9%) cases showed normal
whereas 80 (74.1%) cases showed high serum CRP levels.
Thus, the level of CRP in the suicide group was significantly
higher than that in the control group (p<0.01, Table 4).

When the groups were evaluated in terms of the presence of
psychiatric disorders, the mean serum CRP level was 14.3+4.2
mg/L in cases with a psychiatric disorder and 9.7+2.7 mg/L
in cases without a psychiatric disorder [t=1.4, p=0.03 (t-test);
Table 5].

Discussion

The primary aim of this study is to investigate whether serum
CRP levels differ between the healthy population and those
who had attempted suicide. We found that serum CRP levels
are significantly higher in cases who had attempted suicide
than in those who had not. The secondary aim of this study is
to investigate whether serum CRP levels differ between cases
who have psychiatric disorders and those who do not in the
suicide group. We found that serum CRP levels are significantly
higher in the former than in the latter.

When studying the association between serum CRP level and
suicide attempt, two important questions arise. First, could
a suicide event be triggered by a pre-existing inflammation?
Second, is inflammation triggered after a suicide attempt?

All cases Control group Suicide group p
n=239, % n=131, % n=108, %
Gender
Female 223 93.3 121 92.4 102 94.4 0.5
Male 16 6.7 10 7.9 6 5.6
Total 239 100 131 100 108 100
Ethnicity
Inhabitant 229 95.8 126 96.1 103 95.4 0.2
Immigrant 10 4.2 5 3.9 5 4.6
Total 239 100 131 100 108 100
Age (years)
Mean + SD (min/max) 15.5+1.7 (7/18) 15.7+1.3 (12/17) 15.1+2 (7/18) 0.1
SD: Standard deviation
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The available studies support both opinions. For example,
some studies have found that previous inflammation triggers
suicidal ideation. Patients taking interferon-a2b, which has
anti-inflammatory effects on chronic hepatitis C, were found
to have a lower rate of suicidal ideation compared with the
group who had not taken the drug. In other words, reducing
inflammation could reduce suicidal ideation.?

Other studies supporting the belief that suicide triggers
inflammation hold that negative thoughts and a lack of plans
for the future are related to depression, which itself is a cause
of inflammation. These thoughts are stressors for patients.?'2?
Depression increases the level of cytokines, such as IL-2 and
IL-6, and these cytokines stimulate the production of CRP in
hepotocytes. 6

Some researchers, however, emphasize that the issue
of which triggers the other is not important but the close
relationship between these factors is undeniable as the
results of many studies could be interpreted as “the serum

Table 2. Psychiatric diseases in the suicide group

n=108 %

Psychiatric disorders 74 68.5
Major depressive disorder 35* 32.5%
Impulse control disorder 30* 27.7*
Generalized anxiety disorder 6* 5.5%
Other diseases 3* 2.8*

No psychiatric disorder 34 31.5
Total 108 100
*Data show the distribution of the total number of psychiatric disorders diagnosed

CRP: C-reactive protein, SD: Standard deviation

All cases Control group Suicide group p
n=239 n=131 n=108
(Mean £ SD) (Mean £ SD) (Mean £ SD)

CRP (mg/L) 6.6+3.8 1.5+1.5 12.7+6.4 <0.01

inflammatory cytokine levels of patients with depression and
attempted suicide are higher than those with depression but
did not attempt suicide”.?*?> One of these studies is a cohort
study that included 517 cases. Suchankova et al.?® studied
the +1444 T allele of the gene responsible for the production
of CRP in patients who had and had not attempted suicide.
The researchers concluded that the allele of the gene is more
highly expressed in patients who had attempted suicide than
in those who had not.?® In another study, Tonelli et al.?” found
that the mRNA levels of IL-4 and IL-13, which are inflammatory
mediators found in the orbitofrontal cortex of patients who
had died due to suicide, were expressed at very high levels
compared with those found in patients who had died of
other causes. Lindqvist et al.’ found that IL-6 levels were very
high in individuals who had attempted suicide. O'Donavan
et al.?® also demonstrated that IL-6, IL-10, and CRP levels are
significantly higher in cases with a high degree of suicidal
ideation than in those individuals without suicidal ideation.

However, some reports in the literature indicate that the
etiology of depression is not associated with inflammation. 2%’
For example, Whooley et al.*> and Glassman and Miller®?
found no association between these factors. These studies
indicated the presence of inflammation in patients with
suicide ideation, but some other underlying mechanisms may
have been present as confounding factors. Therefore, we
excluded individuals with acute/chronic diseases or drug use
from our study.

CRP was used as an inflammatory biomarker in our study
because of its easy accessibility. However, CRP is also non-

Table 3. Serum CRP levels among the case and control groups (Student’s t-test)

CRP: C-reactive protein

All cases
n=239, %
CRP situation
Normal 147, 61.5%
High 92, 38.5%
Total 239, 100%

Table 4. Normal serum CRP levels among the case and control groups (chi-squared test)

Control group Suicide group p
n=131, % n=108, %

119, 90.8% 28, 25.9% <0.01
12,9.2% 80, 74.1% -
131, 100% 108, 100% -

Suicide group

CRP (mg/L)

CRP: C-reactive protein, SD: Standard deviation

Table 5. Mean CRP levels in the suicide group (Student’s t-test)

Cases with psychiatric diseases
n=71 (Mean % SD)

14.3+4.2

Cases without psychiatric diseases p
n=37 (Mean % SD)
9.7£2.7 0.03
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specific molecule that is affected by many conditions. Although
we had attempted to rule out confounding factors that may
affect the outcome of this work, we recommend further
study using a molecule more specific to neuroinflammation to
obtain more accurate results. Our findings lay the foundation
for future research on suicide in the adolescent population.

Conclusion

A positive relationship appears to exist between adolescent
suicide attempts, adolescent psychiatric disorders, and
serum CRP levels as an inflammatory mediator. Considering
these relationships, we believe that repressing CRP-induced
inflammation may be beneficial in terms of minimizing
psychiatric diseases or suicidal thoughts in adolescents
exposed to chronic inflammation. Studies with larger series
and using molecules more specific to neuroinflammation are
necessary to confirm the relationships discovered in this work.
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