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ABSTRACT
Objective: Many studies have investigated cerebrospinal fluid 
(CSF) monoamine metabolite levels in depressive disorders. 
However, their clinical significance is still unclear. We tried to 
determine whether CSF monoamine metabolite levels could 
be a state-dependent marker for major depressive disorder 
(MDD) based on analyses stratified by clinical variables in a 
relatively large sample.

Methods: Subjects were 75 patients with MDD according to 
DSM-IV criteria and 87 healthy controls, matched for age, sex, 
and ethnicity (Japanese). They were recruited between May 
2010 and November 2013. We measured homovanillic acid 
(HVA), 5-hydroxyindoleacetic acid (5-HIAA), and 3-methoxy-
4-hydroxyphenylethyleneglycol (MHPG) in CSF samples by 
high-performance liquid chromatography. We analyzed the 
relationships of the metabolite levels with age, sex, diagnosis, 
psychotropic medication use, and depression severity.

Results: There was a weak positive correlation between age 
and 5-HIAA levels in controls (ρ = 0.26, P < .016) and a similar 
trend in patients, while sex was unrelated to any metabolite. 
All monoamine metabolites in moderately to severely 
depressed patients (17-item Hamilton Depression Rating Scale 
score > 12) were significantly lower than those in controls 
(P < .0005 for all 3 metabolites). We found that antidepressants 
decreased the levels of 5-HIAA (ρ = −0.39, P < .001) and MHPG 
(ρ = −0.49, P < .0001) and that antipsychotics increased levels 
of HVA (ρ = 0.24, P < .05). There was a strong correlation 
between HVA and 5-HIAA levels (controls: ρ = 0.79, P = .000001; 
MDD: ρ = 0.66, P = .000001). HVA levels (ρ = −0.43, P < .001) 
and 5-HIAA levels (ρ = −0.23, P < .05), but not MHPG levels 
(ρ = −0.18, P > .1), were related to depression severity.

Conclusions: CSF 5-HIAA and HVA levels could be state-
dependent markers in MDD patients. Since 5-HIAA levels 
greatly decrease with the use of antidepressants, HVA levels 
might be more useful in the clinical setting.
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S ince the classical monoamine hypothesis was proposed 
in the 1950s,1 monoamines have been major targets of 

therapeutic interventions and drug development for depression. 
Alterations in the monoamine metabolites homovanillic acid 
(HVA, a dopamine metabolite), 5-hydroxy-3-indoleacetic 
acid (5-HIAA, a serotonin metabolite), and 3-methoxy-4-
hydroxyphenylethyleneglycol (MHPG, a norepinephrine 
metabolite) in human cerebrospinal fluid (CSF) have been 
investigated in depressive disorders. Studies comparing CSF 
HVA,2–24 5-HIAA,5–27 and MHPG4–19,27–29 between patients 
with depression and healthy controls have had inconsistent 
results. Some studies have reported significantly decreased 
CSF HVA levels in patients with depression,2–4,12,20,21,23,24 
while others have not.5–11,13–19,22 Similarly, some have reported 
decreased CSF 5-HIAA,20,23,25 while others have found no 
significant alteration.5–7,9–11,13–19,21,22,24,26,27 Two studies even 
reported increased 5-HIAA levels8,12 in patients with depression. 
Increases,4,12,14 decreases,29 and no change5–11,13,15–19,27,28 in CSF 
MHPG have been reported.

Several studies have suggested that background variables 
influence CSF monoamine metabolite levels. Some studies 
have found a relationship of sex with CSF 5-HIAA12,13,30,31 
and HVA12,31; age with CSF 5-HIAA,12,20,31,32 HVA,20 and 
MHPG12,13,32; and body height with CSF 5-HIAA20 and HVA,20 
suggesting that controlling for sex and age may be essential. The 
inconsistencies in the literature may have arisen, at least in part, 
by lack of control for such variables. Indeed, even sex and age 
were not controlled for in previous studies.4,12,14,20,21,28 Moreover, 
many studies2,12–14,18,20–23,27,28 included patients with bipolar 
disorder as well as patients with unipolar depression.

Medication use and depression severity are thought to affect 
CSF monoamine metabolite levels. According to Little et al,17 
11 of 12 previous studies using selective serotonin reuptake 
inhibitors (SSRIs) or serotonin-norepinephrine reuptake 
inhibitors have shown significant decreases in CSF 5-HIAA 
and MHPG, while only 2 showed a significant decrease in 
HVA. Bäckman et al33 reported that antidepressants, such as 
SSRIs, tricyclics, or monoamine oxidase inhibitors (MAOIs), 
lower CSF 5-HIAA and MHPG levels. However, CSF 5-HIAA, 
but not MHPG, levels returned to baseline with long-term 
(> 30 weeks) administration. Depression severity and CSF 
5-HIAA,34,35 MHPG,36 and HVA35,36 levels are reported to be 
negatively correlated. One study,37 however, reported a positive 
correlation between depression severity and HVA and 5-HIAA 
levels. Other studies5,21,25,26,38–48 have reported no correlation 
between depression severity and CSF monoamine metabolite 
levels.
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To our knowledge, no study has simultaneously examined 
the effects of age, sex, medication use, and depression 
severity on CSF monoamine metabolites. We examined 
CSF monoamine levels in a relatively large sample of patients 
with major depressive disorder (MDD) and sex- and age-
matched healthy controls. Patients with bipolar disorder 
were not enrolled in the study. We analyzed CSF monoamine 
levels stratified by medication and depression severity. Our 
goal was to determine which CSF monoamine metabolite 
is useful as a state-dependent marker reflecting depression 
severity in patients with MDD.

METHODS

Subjects
Subjects were 75 patients with MDD and 87 age- and sex-

matched healthy volunteers. They were recruited between 
May 2010 and November 2013. They were biologically 
unrelated Japanese individuals undergoing treatment at 
the outpatient clinic of the National Center of Neurology 
and Psychiatry (NCNP) Hospital (Tokyo, Japan) or 
recruited through advertisements in a free local magazine 
and announcement via the homepage of the NCNP 
website. Subjects received a structured Mini-International 
Neuropsychiatric Interview (MINI), Japanese version.49,50 
At least 2 psychiatrists diagnosed each patient according to 
the Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV) criteria51 on the basis of the MINI, 
additional unstructured interviews, and information from 
medical records. Patients with any comorbid Axis I disorders 
and those individuals with a medical history of central 
nervous system disease, severe head injury, or substance 
abuse/dependence were excluded. An experienced research 
psychiatrist assessed depressive symptoms using the Japanese 
version of the GRID Hamilton Depression Rating Scale, 
17-item version (HDRS17).52 Daily doses of antipsychotics 
and antidepressants were converted to chlorpromazine- and 
imipramine-equivalent doses, respectively, using published 
guidelines.53 Our study was conducted in accordance with 
the Declaration of Helsinki and approved by the ethics 
committee at NCNP. After describing the study to every 
subject, we obtained written informed consent.

CSF Sampling and Measurement  
of Monoamine Metabolites

CSF was collected and extracted as described 
previously.54,55 Briefly, CSF was drawn between 10:00 and 
16:00 h from the L4–L5 or L3–L4 interspace with the subject 
in the left decubitus position, immediately transferred on ice 
and centrifuged (4,000 × g for 10 minutes, 4°C), aliquoted 
in low-protein adsorption tubes (Sumitomo Bakelite Co, 
Japan), and stored in a deep freezer (−80°C) until use. CSF 
monoamine metabolite levels were determined using high-
performance liquid chromatography at SRL Inc (Tokyo, 
Japan).

Statistics
Clinical characteristics were analyzed by analysis of 

covariance controlling for sex and age. Relationships 
between monoamine metabolite levels and clinical measures 
were assessed using Spearman rank correlation coefficients. 
A P value of .05 (2-tailed) was considered statistically 
significant. Bonferroni correction was applied for multiple 
comparisons. Statistical analysis was performed using the 
Statistical Package for the Social Sciences (SPSS) version 11.0 
(SPSS Japan, Japan).

RESULTS

Comparisons of Monoamine Metabolite  
Levels in All Subjects

Demographic and clinical characteristics of the 
participants are shown in Table 1. There were no differences 
in mean age (t153.47 = −1.22, P = .22), sex distribution 
(χ2

1 = 0.55, P = .53), or education years (t126 = 1.80, P = .074) 
between the patients and controls. HVA levels were not 
significantly different between the 2 groups, while 5-HIAA 
and MHPG levels were significantly reduced in the patients 
compared to those in the controls (HVA: F1,157 = 1.2, P = .28; 
5-HIAA: F1,157 = 12.9, P = .00043; MHPG: F1,157 = 17.4, 
P = .000050) (Figure 1A–1C). HVA/5-HIAA (F1,157 = 14.1, 
P = .00024) and MHPG/5-HIAA (F1,157 = 6.2, P = .014) 
ratios were significantly increased in the patients compared 
to those in the controls, while HVA/MHPG was not 
significantly different (F1,157 = 0.31, P = .58) (Figure 1D–1F). 
There was a strong positive correlation between HVA and 
5-HIAA levels in both groups (controls: ρ = 0.79, P = .000001; 
MDD: ρ = 0.66, P = .000001) (Figure 1G and 1H). MHPG and 
5-HIAA levels were modestly but significantly correlated 
in both groups (controls: ρ = 0.24, P = .027; MDD: ρ = 0.39, 
P = .00058) (data not shown).

Clinical Variables and  
CSF Monoamine Metabolite Levels

There was no significant difference for any metabolite 
between men and women in either the patient or the 
control group (Supplementary eTable 1). Table 2 shows 
correlations between monoamine metabolite levels and 
age and medication doses. We observed a significant, albeit 
weak, positive correlation between age and 5-HIAA levels 
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 ■ The data obtained in this study confirm effects of 
antidepressants on the momoamine metabolites 
5-hydroxyindoleacetic acid (5-HIAA) and 3-methoxy-
4-hydroxyphenylethyleneglycol (MHPG), but not on 
homovanillic acid (HVA), and the effect of antipsychotics 
on HVA.

 ■ HVA and 5-HIAA, but not MHPG, levels are related to 
depression severity.

 ■ Since the majority of patients with depression receive 
antidepressants rather than antipsychotics, cerebrospinal 
fluid HVA might be the best state-dependent marker 
for major depressive disorder among the 3 monoamine 
metabolites.
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Table 1. Demographic and Clinical Characteristics of Patients With MDD and 
Controlsa

Healthy 
Controls

Patients With MDD
HDRS17 Score

Clinical Factor Total Low (≤ 12) High (> 12)
Total patients (male/female), n 87 (48/39) 75 (37/38) 41 (22/19) 34 (15/19)
Age, y 42.0 (15.6) 44.6 (10.8) 43.6 (9.8) 45.8 (12.1)
Education, y 15.6 (2.6) 14.7 (2.7) 15.0 (2.2) 14.4 (3.2)
Age at onset, y … 36.2 (12.8) 33.8 (9.6) 39.2 (15.6)
Single episode/recurrent, n … 35/38b 18/22 17/16
History of suicide attempts, yes/no, n … 18/55b 9/32 9/23
History of ECT, yes/no, n … 15/56b 8/33 7/23
Drug-naive subjects, n … 9 5 4
Chlorpromazine-equivalent dose, mg/d … 87.3 (175.1) 83.2 (184.8) 81.2 (156.5)
Imipramine-equivalent dose, mg/d … 136.4 (138.7) 103.7 (127.2) 160.5 (141.9)
HDRS17 score … 12.8 (9.4) 5.9 (4.3) 21.3 (6.5)
Time of day of sampling, hours 13:21 (1:54) 13:27 (1:32) 13:34 (1:29) 13:17 (1:21)
aValues are shown as mean (SD) unless otherwise noted.
bAmbiguous data were excluded.
Abbreviations: ECT = electroconvulsive therapy, HDRS17 = 17-item Hamilton Depression Rating Scale, 

MDD = major depressive disorder.
Symbol: … = not applicable.

in the controls (ρ = 0.26, P = .016; Table 2) and a similar 
trend in the patients (ρ = 0.18, P = .065), but no association 
of age with HVA or MHPG levels for in either group (Table 
2). Antipsychotic use and HVA levels were positively 
correlated (ρ = 0.238, P = .047). Antidepressant use and 
5-HIAA (ρ = −0.388, P = .00090) and MHPG (ρ = −0.489, 
P = .000017) levels were negatively correlated. Depression 
severity (HDRS17 scores) was negatively correlated with HVA 
(ρ = −0.43, P = .00013) and 5-HIAA (ρ = −0.23, P = .044), but 
not with MHPG, levels.

Stratified Analyses by Medication  
and Depression Severity

Homovanillic acid. Figure 2A is a scatter plot of the 
significant negative correlation between CSF HVA levels 
and HDRS17 scores (ρ = −0.43, P = .00013). When the patient 
group was divided into 2 groups based on depression severity 
using median HDRS17 scores (Low ≤ 12 < High), HVA levels 
in the High group were significantly reduced compared 
to those of the controls (F2,155 = 13.1, P = .00025) and the 
Low group (F2,155 = 13.1, P = .0000048; Figure 2B). HVA 
levels stratified by depression severity and drug treatment 
(antidepressant-free vs antidepressant-treated groups) are 
shown in Figure 3A. Five patients were excluded due to 
ambiguous information on medication use. Reduced HVA 
levels were observed in the High group versus the Low 
group irrespective of antidepressant use (Figure 3A, center). 
Antipsychotics increased HVA levels (F1,64 = 4.8, P = .032, 
drug-free vs antipsychotics-only), which were attenuated 
with AD cotreatment (antidepressant + antipsychotic; 
F1,64 = 4.5, P = .039; Figure 3A, right).

5-hydroxy-3-indoleacetic acid. When the patients were 
stratified using the same criteria used in the HVA analysis, 
5-HIAA levels were significantly reduced in the High 
group versus the Low group (F2,155 = 11.4, P = .0095) and 
the controls (P = .000013, Figure 2C). 5-HIAA levels were 
stratified by depression severity and drug treatment (Figure 
3B). The antidepressant-treated group had significantly 

lower 5-HIAA levels versus the antidepressant-free group 
(F2,150 = 12.5, P = .0022) and the controls (P = .0000094; 
Figure 3B, left). Mean 5-HIAA level was lower in the High 
group versus the Low group within the antidepressant-free 
group (F1,64 = 4.6, P = .037; Figure 3B, center). The mean 
5-HIAA level in the antidepressant-treated Low group was 
significantly lower versus the antidepressant-free Low group 
(F1,64 = 8.0, P = .0063; Figure 3B, center). The antidepressant-
treated High group had the lowest mean 5-HIAA level 
(mean = 5.65 ng/mL; Figure 3B, center). Unlike HVA 
levels, 5-HIAA levels did not increase with antipsychotic-
only treatment (F1,64 = 2.6, P = .11), but patients receiving 
both antidepressants and antipsychotics had significantly 
lower mean 5-HIAA levels than those who received only 
antipsychotics (F1,64 = 7.7, P = .0073; Figure 3B, right).

3-methoxy-4-hydroxyphenylethyleneglycol. MHPG 
levels were negatively correlated only with imipramine-
equivalent dose (ρ = −0.489, P = .000017; Table 2) in the MDD 
group. MHPG levels were significantly decreased in the Low 
group (F2,155 = 9.7, P = .039) and the High group (F2,155 = 9.7, 
P = .00013; Figure 2D) versus the controls. MHPG levels were 
significantly lower in antidepressant-treated patients but not 
in those receiving antipsychotic medication (Table 2, Figure 
3C). When antidepressant-treated and antidepressant-free 
patients were examined separately, there was no difference 
in MHPG levels between the High and Low groups in 
antidepressant-treated or antidepressant-free cases (Figure 
3C, center).

DISCUSSION

The findings of this study are as follows. (1) Overall, 
patients with MDD had significantly lower 5-HIAA and 
MHPG levels than controls, while there was no difference 
in HVA levels between patients and controls. (2) Although 
substantial inter-individual differences were noted in 
CSF HVA and 5-HIAA levels, the correlation between the 
two was strong and the HVA/5-HIAA ratio was relatively 
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Figure 1. Total Monoamine Metabolite Levels in CSF of Patients With MDD and Healthy Controlsa

aAs shown in parts A through C, absolute concentrations of HVA, 5-HIAA, and MHPG were compared by analysis of covariance controlling for sex and age. 
Ratios of respective monoamine metabolites are shown in parts D through F. The correlation between HVA and 5-HIAA is shown in parts G and H.

*P < .05.  ***P < .001.
Abbreviations: CON = healthy controls, CSF = cerebrospinal fluid, 5-HIAA = 5-hydroxy-3-indoleacetic acid, HVA = homovanillic acid, MDD = major depressive 

disorder, MHPG = 3-methoxy-4-hydroxyphenylethyleneglycol.
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Figure 2. Alteration Pattern of CSF Monoamine Metabolite Levels in Patients With MDD When Stratified by Severity of MDD 
Symptomsa

aCorrelation between HVA level and HDRS17 score is shown in part A. Parts B through D depict levels of monoamine metabolites when the patient group was 
divided into 2 groups according to HDRS17 score (1-way analysis of covariance controlling for sex and age).

*P < .05. **P < .01. ***P < .001.
Abbreviations: CON = healthy controls, CSF = cerebrospinal fluid, HDRS17 = 17-item Hamilton Depression Rating Scale (score: Low ≤ 12 < High), 

5-HIAA = 5-hydroxy-3-indoleacetic acid, HVA = homovanillic acid, MDD = major depressive disorder, MHPG =3-methoxy-4-hydroxyphenylethyleneglycol.
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Table 2. Correlations Between Respective Monoamine Metabolites and Clinical Factorsa

Healthy Controls Patients With MDD
HVA 5-HIAA MHPG HVA 5-HIAA MHPG

Clinical Factor ρ P Value ρ P Value ρ P Value ρ P Value ρ P Value ρ P Value
Age (y) 0.11 .291 0.259 .016 0.1 .23 0.028 .406 0.177 .065 0.087 .228
CP (mg/d) … … … … … … 0.238 .047 0.099 .415 −0.126 .299
IMI (mg/d) … … … … … … −0.1 .412 –0.388 < .001 –0.489 < .0001
HDRS17 score … … … … … … –0.429 < .001 –0.233 .044 −0.184 .115
aSignificant results are in bold type.
Abbreviations: CP = chlorpromazine-equivalent dose of antipsychotics, HDRS17 = 17-item Hamilton Depression 

Rating Scale, 5-HIAA = 5-hydroxy-3-indoleacetic acid, HVA = homovanillic acid, IMI = imipramine-equivalent dose of 
antidepressants, MDD = major depressive disorder, ρ = Spearman rank correlation coefficient, MHPG = 3-methoxy-4-
hydroxyphenylethyleneglycol.

Symbol: … = not applicable.
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Figure 3. Monoamine Metabolite Levels Stratified by Medication and Depression Severitya

aOne-way analysis of covariance controlling for sex and age. 
*P < .05. **P < .01. ***P < .001.
Abbreviations: AD = antidepressant, AP = antipsychotic, CON = healthy controls, CSF = cerebrospinal fluid, HDRS17 = 17-item Hamilton Depression Rating 

Scale (score: Low ≤ 12 < High), 5-HIAA = 5-hydroxy-3-indoleacetic acid, HVA = homovanillic acid, MDD = major depressive disorder, MHPG = 3-methoxy-4-
hydroxyphenylethyleneglycol.
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constant. Significant, albeit weak, correlations were also 
observed between 5-HIAA and MHPG and between MHPG 
and HVA levels. (3) We found no significant sex differences 
for any metabolite. (4) Age was modestly correlated with 
5-HIAA, but not HVA or MHPG, levels. (5) Patients taking 
antidepressants had significantly lower 5-HIAA and MHPG, 
but not HVA, levels than antidepressant-free patients. (6) 
Although the number of patients using antipsychotic 
medication was small, these patients had higher HVA 
levels than those not using antipsychotic medication. (7) In 
antidepressant-free patients, the High group (HDRS17 score 
> 12) had significantly lower HVA and 5-HIAA, but not 
MHPG, levels than the Low group. Furthermore, HDRS17 
scores and HVA levels were negatively correlated in the total 
patients.

Effects of Sex and Age
Some previous studies reported that sex is related to 

CSF levels of 5-HIAA12,13,30,31 and HVA,12,31 but our data, 
obtained using a large sample size, do not support sexual 
dimorphism in CSF monoamine metabolite levels. Some 
studies have reported that female patients have significantly 
higher CSF 5-HIAA12,13,30,31 and HVA12,31 levels than male 
patients, while other studies11–13,22,29,40 have not found such 
a sex difference. Thus, there is very likely no major sex 
difference for any monoamine metabolite.

Relationships between CSF 5-HIAA,12,13,20,32 HVA,20 and 
MHPG12,13,32 levels and age have been studied in the past. 
Age and CSF 5-HIAA and MHPG,12,32 or only MHPG,13 
levels in patients have been shown to be correlated. CSF 
5-HIAA and HVA also have significantly positive regression 
coefficients in multiple regression analysis.20 Exceptionally, 
one38 study reported a significantly negative correlation 
between age and CSF 5-HIAA. Other studies7,8,16,17,24,39,41,45 
have reported no relationship between age and monoamine 
metabolites. We detected a weak positive correlation between 
age and 5-HIAA levels in the controls and a similar trend 
in the patients. Age may thus have a positive, albeit weak, 
correlation with CSF 5-HIAA levels.

Correlations Between  
CSF Monoamine Metabolite Levels

We found that CSF HVA levels correlated strongly with 
5-HIAA levels and that 5-HIAA levels correlated modestly 
with MHPG levels, which is consistent with previous repo
rts.22,36–38,42,44,47,48,56–61 The 3 monoamine metabolites are 
thus in balance with each other, which may be important 
for maintaining normal monoaminergic functions.62 In an 
animal study,63 dopamine input was shown to exert tonic 
excitatory effects on serotonin neurons in the intact brain, 
and lesions of dopaminergic neurons decreased serotonergic 
neuronal firing in the dorsal raphe. This may partially 
explain the balance between CSF HVA and 5-HIAA levels.

Effects of Medication
We found that patients taking antidepressant medication 

had significantly lower 5-HIAA and MHPG, but not HVA, 

levels, which is consistent with the majority of the previous 
studies17 we described. A limitation to this point is that 
MAOI antidepressants, which may reduce CSF HVA,17 were 
not commercially available in Japan. Although the number 
of patients using antipsychotic medication was small, we 
found a significant increase in HVA levels in patients using 
antipsychotic medications compared to those not using 
antipsychotics, indicating that antipsychotic medication 
increases CSF HVA levels. This is in line with previous 
findings.64–66

Depression Severity and CSF Monoamine Metabolites
We found a highly significantly negative correlation 

between CSF HVA levels and HDRS17 scores. We found that 
CSF HVA levels in the High MDD group were significantly 
lower than those of the Low group and the controls, which 
is in line with previous reports.2–4,12,20,21,23,24 That the Low 
group (ie, patients with less severe or remitted depression) 
did not have lower CSF HVA levels compared to the controls 
may explain, at least in part, the inconsistencies in previous 
studies. We also found the lowest 5-HIAA levels among the 
antidepressant recipients in the High MDD group (Figure 
3B). This finding is most likely due to the decreasing 
effect of antidepressants on 5-HIAA levels, while it is also 
possible that nonresponders to antidepressants had a more 
profound disruption in serotonin neurotransmission than 
responders. Decreased CSF 5-HIAA in MDD is partially in 
line with previous studies.20,23,25 The observed influences 
of antidepressant treatment or depression severity on CSF 
5-HIAA levels may also have led to the inconsistent results 
of previous studies. CSF MHPG levels were decreased by 
antidepressants, consistent with a previous report,33 but were 
not associated with severity (Figure 3C).

CSF HVA as a State-Dependent Marker for MDD
As we described earlier in this report, CSF HVA levels 

reflect depression severity and were not influenced by 
antidepressants, indicating that among the 3 CSF monoamine 
metabolites, HVA might be the best state-dependent marker 
for MDD in the clinical setting. A drawback is the effect of 
antipsychotics on HVA and the possible effect of MAOIs. 
Therefore, the use of CSF HVA as a state-dependent marker 
should be restricted to individuals who are not using 
antipsychotics or MAOIs. Although CSF 5-HIAA levels seem 
to correlate negatively with depression severity, they were 
subject to the strong effects of antidepressants. Given that the 
majority of MDD patients receive antidepressant treatment, 
the use of CSF 5-HIAA would be limited. CSF MHPG levels 
were not state-dependent and were strongly influenced by 
antidepressants, indicating that CSF MHPG levels cannot 
be a useful state-dependent marker for MDD.

Possible Mechanisms
Clinically, dopaminergic dysfunction, which 

includes decreased HVA levels, has been implicated in 
the pathophysiology of depression.67,68 For example, 
pramipexole, a selective dopamine D2/D3 agonist, has 
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been suggested to be effective for treatment-resistant 
depression.67, 69 Electroconvulsive therapy for treatment-
resistant depression enhances the mesolimbic dopaminergic 
system and HVA levels in rats and humans, respectively, and 
has rapid and consistent effects on dopamine70,71 (reviewed 
in 2 articles72,73).

One possible mechanism underlying the pathogenesis 
of MDD is stress-induced dopaminergic alteration. In an 
animal study, acute stress potently attenuated dopaminergic 
activity and reduced dopamine response to stimuli such as 
psychostimulants.74 In an animal model using chronic mild 
stress, dopaminergic activity in the ventral tegmental area 
was significantly decreased,75 which may lead to decreased 
dopamine response to external stimuli.76 Similarly, in patients 
with posttraumatic stress disorder, a significant decrease in 
HVA levels and a tendency for decreased 5-HIAA levels in 
the CSF were observed after exposure to anxiety-inducing 
cues,77 indicating that decreased monoamine levels may be 
induced by stress and result in anxiety.

Limitations
Although our sample size was relatively large, the number 

of drug-free subjects was limited and the numbers of subjects 
in the subgroups were not very large after stratification. 
This may have resulted in our overlooking subtle effects 
of clinical variables on CSF monoamine levels. When 
we examined the effect of medication use, all classes of 
antidepressants or antipsychotics were combined together. 
Thus, we could not see the effects of each drug on CSF 
monoamine metabolites. Moreover, MAOIs and dopamine 
and norepinephrine reuptake inhibitors such as bupropion 
were not commercially available in Japan. Therefore, our data 
do not reflect potential effects of such antidepressant classes. 
Previous studies suggested that MAOIs have a decreasing 
effect on CSF HVA, while bupropion does not (reviewed in 
Little et al17). Finally, our study was cross-sectional and did 
not confirm the state-dependency of monoamine levels and 
effects of medication use in a longitudinal manner.

Clinical Significance and Future Directions
We demonstrated that HVA and 5-HIAA levels are both 

state-dependent, although the latter are greatly influenced 
by the effect of antidepressants. The CSF HVA level can 
be used as an effective state-dependent marker (ie, an 
objective marker reflecting depression severity) even 
when the subjects take antidepressants, while CSF 5-HIAA 
level may be a useful state-dependent marker for drug-
naive subjects or those who receive non-pharmacologic 
treatment such as cognitive-behavioral therapy without 
medication. According to our data, CSF MHPG level is 
not useful as a marker for depression severity.

As shown in our data, there are huge interindividual 
differences in CSF monoamine metabolite levels, 
while their levels highly correlate within an individual, 
particularly the correlation between 5-HIAA and HVA 
levels (Figure 1G and 1H). However, mechanisms 
underlying these phenomena are largely unknown. 
Future basic and clinical research exploring the causes 
of and mechanisms for the interindividual differences 
and correlation between the metabolites is definitely 
required and will provide important insights into the 
pathophysiology of MDD and lead to the development 
of novel treatment for the illness. “Omics” approaches, 
such as proteomics and metabolomics, to CSF samples 
will be particularly useful to reveal the molecular basis 
of monoamine metabolite dynamics, which is currently 
underway in our laboratory.

CONCLUSIONS

We examined CSF monoamine levels stratified by 
medication and depression severity in a relatively large 
sample of patients with MDD and healthy controls. We 
clearly showed that CSF 5-HIAA and HVA levels could be 
a state-dependent marker in MDD patients. Since 5-HIAA 
levels greatly decrease by antidepressants, HVA levels 
might be more useful in the clinical setting.
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HVA 5-HIAA MHPG n HVA 5-HIAA MHPG n

Male 27.2 (12.0) 10.1 (4.5) 9.0 (1.6) 48 25.6 (14.8) 7.9 (4.5) 7.7 (1.7) 37

Female 30.0 (13.0) 11.5 (5.5) 8.9 (1.8) 39 27.1 (17.4) 8.6 (4.9) 7.9 (1.8) 38

p -value 0.29 0.17 0.8 0.67 0.57 0.58

Supplementary eTable 1. There were no significant differences in any monoamine metabolite

levels between males and females in either the patient or control group

Values are shown as mean (standard deviation).

MDD: major depressive disorder; HVA: homovanillic acid; 5-HIAA: 5-hydroxy-3-indoleacetic acid; MHPG: 4-hydroxy-3-methoxyphenylethyleneglycol

Healthy controls Patients with MDD
Sex
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