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Concentration of Neurotransmitter Metabolite 5-hydroxyindoleacetic
Acid (5-HIAA) in Cerebrospinal Fluid of Individuals with Suicidal
Tendencies: A Meta-Analysis
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Abstract

Review of 28 research articles on the cerebrospinal fluid levels of neurotransmitter metabolites involving
1942 psychiatric patients found a strong evidence of involvement of serotonin system in suicidal behavior.
All the individuals who attempted suicide, especially those using violent methods, had lower levels of CSF
5-hydroxyindoleacetic acid (5-HIAA) as compared to those in the controls. The Meta-analysis attempts to draw
more reliable conclusion than did each individual study alone.
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Introduction

In year 2016, there were estimated 7,93,000 suicidal
deaths worldwide. This indicates an annual global
age-standardized suicide rate of 10.5 per 100000
populations.' Suicide is one of the most significant
public health issue—globally. Individuals having
clinical depression are at higher risk of completed
suicide. However, the number of completed suicide
is much smaller than that of attempted suicide in
individuals with depression. An indicator that can
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point to a high suicidal risk can be an aid for the
prevention of completed suicide. Such an indicator
would benefit the community to categorize persons
with higher risk. The more knowledge we have
about our cognitive and neurological processes
that lead to suicidal behavior, the better equipped
we would be to search for the right treatment and
proper medication that can match up to the disease.
Currently, suicidal tendency is being searched for
in sociological and psychological realm, that offers
vague prediction for clinical utility.

Recently, there has been a renewed interest in role
of neurotransmitters like serotonin, dopamine and
norepinephrine inetiology of suicidal behavior, with
special focus on neurotransmitters in cerebrospinal
fluid (CSF), serum and urine. This biochemical
realm seems to be a more promising approach to
identify high-risk group that may complete suicide.
5-HT is the main principal metabolite associated
with depression. Hypothesis for CSF studies is that
levels of the breakdown products in CSF reflect
neurotransmitter turnover in brain rather than that
in spinal cord® This hypothesis was reinforced from
association between levels of 5-HIAA in CSF and in
cerebral cortex in post-mortem studies.* Analyses of
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CSF are much simpler to conduct, than that on
brain tissue. However, various Research point out
that the CSF levels of metabolites such as 5-HIAA are
affected by gender (lower in males), age and height
(lower in taller individuals).* Other factors include
diet, medication, physical movement, position of
subject during lumbar puncture, amount of CSF
drawn and analytical method used.” Many studies
pertaining to this literature has been published in
past and one researcher attempted a comprehensive
meta-analysis of individual studies.*” Purpose of
this article is to review the studies for variations in
concentration of 5-HIAA in CSF amongst suicidal
and non-suicidal individuals and further in those
with violent and non-violent methods of suicidal
attempt.

Materials and Methods

An extensive literature search for eligible studies
published before 08" June 2018 was done in the

PubMed, EMBASE and Google Scholar databases.
Following combinations of main keywords and
MeSH term were used alone or in combinations: “5-
HIAA’, ‘suicide’, ‘suicide attempters and Suicid’. We
then reviewed reference lists of published studies for
additional reports not identified by electronic search.

Only studies that reported sample size, mean
scores and standard deviations (or standard errors
of mean) for each group were included in our
systematic review.

Results of each study thus located were then
examined for relevant data: sample size, mean
concentrations of the metabolite of interest
(5-HIAA). All the data was converted to a standard
form: mean, standard deviation instead of standard
error, and nmol/l against ng/mL. Our study also
included a control group (psychiatric patients)
that roughly matched the study sample. Studies
which compared suicidal individuals with healthy
controls were not included since these studies failed
to account for presence of psychiatric disorders.

%
Study Condition ES (95% Cl) Weight
Agrend & Niklasson. 1986 major dep. dis.>° - 0.32 (0.26,0.37) 2764
Bonki & Arato, 1983a inpatients ° 0.28(0.13,043) 423
Banki et al., 1986 depressive disarder *° , ——— 0.76(0.52,099) 174
Banki etal, 1986 schizophrenics ' | — 0.92(063,121) 1.14
Banki et al., 1986 alcoholics *° . — 0.92 (0.65,1.20) 1.28
Banki et al., 1986 adjustment dis. ' —— 0.64(0.28,099) 077
Berretini et al., 1986 bipolar aff. dis ™ s -0.20 (-0.62, 0.23) 0.52
Brown et al,, 1979 persanality dis 3 i — 1.20 (0.84,1.57) 072
Edmon et al., 1986 inpatients”® —_— -0.05 (-0.31, 0.21) 1.41
Gardner et al_, 1990 boarderline personality dis *® | —— 0.78 (0.47,1.10) 095
Jones et al.. 1990 inpatients *° e 0.96 (0.54,1.39) 0.53
Lemus etal,, 1990 schizophrenics 7 —_— -0.49 (-0.95, -0.03) 0.45
Lidberg et al., 1985 inpatients 2° l - 0.68 (0.52,0.83) 3.92
Linnoilo et al., 1983 violent offenders 2* ! —_—— 1.14 (0.88,1.39) 148
Lopez-lboret al., 1985 inpatients 2 -;—0— 0.62(0.23,1.01) 062
Mann et al.. 1992 inpatients 26 :—.— 0.73(0.29,1.16) 050
Orelond etal, 1981M  att. suicides: men 1 - 1.59 (0.64,253) 0.1
Orelond etal., 1981W  att. suicides: women | —— 0.75(0.39, 1.11) 074
Polanioppan et al., 1983 depressed outpatients > | —— 201(1.44,259) 029
Roy et al.. 1985 schizophrenics *° —— 0.27 (0.12,042) 443
Roy et al.. 1986 depressed patients ° : —— 0.71(0.34,1.08) 0.71
Roy et al.. 1990 alcoholics * — 1 -0.44 (-0.56, -0.31) 8.05
Secundo et al., 1986 major dep. dis* -0-—: 0.08 (-0.06,025) 3.97
Virkkunen et al.. 1989 offenders I —— 1.04 (0.88, 1.19) 4.02
Sher L etal, (2006)a  Bipolar disorder ° —_— . -0.52 (-0.95, -0.09) 0.52
Carlborg et al., (2009) Schizophrenia psychosis *° M= ! -0.04 (-0.13,0.04) 14.56
Placidi et al,. (2001) Depressed patients & -~ : 0.03(-0.07,0.12) 1153
Engstrom G etal., (1998) Psychiartic illness* —-01—: <0.07 (-0.36,021) 1.16
Neider D etal,. (2016)  Schizophrenia ?’ —— 0.07 (-0.11,0.26) 275
Lidberg etal,. (2000)  Psychiartic ilness™> X — 0.94 (067,1.22) 127
Overall (-squared = 95.3%, p = 0.000) , 0.26(0.23,0.29) 100.00
]
L
| I |
-2.59 0 259

Fig. 1: Forest Plot of attempted suicide v/s Psychiatric control
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Fig. 2: Forest Plot of Violent v/s Non-Violent Suicide attempters
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Fig. 3: Prisma flowchart for CSF 5-HIAA describing the process of study selection and exclusion.

Indian Journal of Forensic Medicine and Pathology / Volume 12 Number 3 / July - September 2019

175



176 Ravi Prakash M, Sharma R, Bhute AR et al.

All these studies used parametric statistical
tests to analyze data in their published reports.
Raw data was not available to us and it was also
not possible to check whether the data met the
criteria for parametric statistical tests. Since only
means and standard deviations were available
to us, we used parametric statistical tests for
analysis. Standardized mean difference (SMD) was
calculated for each study.

Effect size for psychiatric control and suicidal
patient was calculated as difference of mean level of
CSF5-HIAA divided by combined standard deviation.
Effect size for non-violent and violent patient was
calculated as difference of mean level of CSF 5-HIAA
divided by combined standard deviation.

Results

In figure-1, 32 studies were pooled together.
Thirteen studies out of 32 (41%) had a very small
confidence interval depicting larger sample size.
Small-pooled effect size of 0.26 was found and is
significant.

In figure-2, 12 studies were pooled together for
analysis. In all the studies except one, the result
was not precise with a larger confidence Interval
depicting either a smaller sample size or a bias. Final
pooled effect size is 0.07 and not significant. I square
is 95%, so the studies are highly heterogeneous in
nature and so the pooling of result may be biased.

Discussion

This review of CSF studies of 5-HIAA has clarified
the findings of various researches. First, there is
strong evidence that those who have attempted
suicide have lower levels of CSF 5-HIAA than
the psychiatric controls. Second, the serotonin
system seems to be most clearly implicated in
attempted suicides.

Analysis of violent and non-violent suicide
attempters revealed no association between levels
of CSF 5-HIAA in violent attempters compared to
that in non-violent attempters.

All two sets of analyses point towards evidence
for the involvement of serotonin system in those
making suicide attempts, especially violent
attempters, and in those engaging in subsequent
completed suicide. Although there has been some
speculation that lower levels of 5-HIAA in CSF of
individuals with suicidal tendency might be found
only insome psychiatric patients. Individual studies

observed lower levels of 5-HIAA in attempted
suicide with diagnoses of alcoholism, depressive
disorders, personality disorders and schizophrenia
and in offenders. Thus, psychiatric diagnosis does
not appear to play a major role in the association.

It should be noted that, since majority of subjects
in the studies reviewed were psychiatric patients,
some may have been on medication. Therefore, data
from these reports were not sufficiently detailed to
take this factor into account. Furthermore, different
investigators may have had differences in the
techniques utilized for estimating the concentration
of CSF neurotransmitter metabolites. In spite of
these limitations, consistency in the findings of
levels of CSF 5-HIAA are more note worthy.

Furthermore, although researches so far has been
conducted on samples of patients with a variety
of psychiatric diagnoses and the results do not at
present appear to depend upon diagnosis, future
researches should focus in a more systematic
manner for possible mediating impact of psychiatric
diagnosis on level of CSF 5-HIAA.

The studies reviewed in this paper typically
employed small sample sizes, and only by
examining the data from all of the studies, atrend
could be identified. It is suggested that future
investigators should involve large number of
samples, so that not only will their results be more
reliable, but also they can investigate the role of
factors other than suicidal status viz, gender, age,
height, diet, medication etc., that affect the CSF
levels of these metabolites.
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