
The lateral habenula in depression: a mini-review 1 

 2 

Sterling Street
1 

3 

1
Department of Biology, University of Georgia, Athens, Georgia, United States  4 

 5 

Corresponding Author: 6 

Sterling Street 7 

sterling.street@uga.edu 8 

 9 

Abstract 10 

Although much remains unknown about this once-obscure structure, the lateral habenula is 11 

receiving increasing attention as a component of the circuitry of many conditions including 12 

mood disorders, anxiety disorders, pain disorders, substance use disorders, psychosis spectrum 13 

disorders, and neurodegenerative diseases. In depression research, there is growing interest in 14 

this structure as a component of the brain’s “anti-reward system”, since it can inhibit the release 15 

of monoamines into regions involved in the expectation, pursuit, and receival of rewards. This 16 

mini-review covers the basics of lateral habenula structure and function, and discusses recent 17 

advances made in understanding habenular dysfunction in depression. 18 

 19 

Method 20 

The current literature was searched using PubMed and Google Scholar for articles containing the 21 

terms depression and habenula. In selecting articles to cite, priority was given to papers that were 22 

published recently (within the past three years).   23 

 24 

Habenula structure and function  25 

In humans, the habenulae are two roughly symmetrical collections of neurons located on either 26 

side of the stalk of the pineal gland, near the posterior wall of the third ventricle.
1
 As an 27 

equivalent and less technical way to describe the same location, the habenulae are found just 28 

behind the thalamus (as part of the epithalamus), near the midline. Including both the lateral and 29 

medial division, each habenula is about the size of a pea in humans.
2 

 30 

 Neurons in the lateral habenula receive projections from a wide range of cortical and 31 

subcortical regions. These include certain regions of the prefrontal cortex, regions of the 32 

hypothalamus (such as the paraventricular nucleus, the lateral preoptic area, the lateral 33 

hypothalamic area, and the suprachiasmatic nucleus), and various other regions such as the the 34 

ventral pallidum, the internal segment of the globus pallidus, and the bed nucleus of the stria 35 

terminalis.
3 

 36 

 After receiving this input, neurons in the lateral habenula project glutamate-releasing 37 

axons onto GABA-releasing interneurons in the ventral tegmental area (VTA), the substantia 38 

nigra pars compacta (SNpc), the locus coeruleus (LC), the raphe nuclei, and the rostromedial 39 
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tegmental nucleus.
3,4

 Clearly, this circuitry reveals that the lateral habenula allows a wide range 40 

of systems to influence the release of serotonin, dopamine, norepinephrine, and other signaling 41 

molecules from structures in the brain stem.   42 

 43 

Habenular structure and function in depression  44 

Considering the observations above, it comes as no surprise that many lines of evidence indicate 45 

that Major Depressive Disorder (hereafter depression) is associated with changes in lateral 46 

habenula structure and function. This section reviews four major lines of evidence associating 47 

depression with differences in habenular structure and function.  48 

 First, functional imaging studies have generally found increased habenular activation in 49 

depressed subjects (relative to controls) in response to aversive events such as punishment
5
 and 50 

reward prediction errors.
6,7

 For example, as measured by BOLD signal strength in fMRI, an early 51 

study found that painful shocks and monetary loss elicit a stronger habenular response in people 52 

with depression than in controls.
8
 Based on animal studies showing increased spiking rates in 53 

lateral habenular neurons in response to similar events, this increase in BOLD signal during such 54 

paradigms is generally interpreted as increased neuronal activity in excitatory neurons of the 55 

lateral habenula.
8  

 56 

 Second, structural imaging studies have generally found changes in the size of the 57 

habenula between controls and people with a history of depression. However, at present there is 58 

no clear pattern regarding whether volume is generally increased or decreased; studies in 59 

different groups of patients with depression have shown both increased and decreased habenular 60 

volume relative to controls.
9 

For example, some MRI studies have found increased habenular 61 

volume in patients with acute, first-episode depression,
10 

while some postmortem studies have 62 

found decreased habenular volume.
11

 Further studies are needed to elucidate the precise nature of 63 

habenular volume changes in depression.     64 

 Third, a number of case reports have found that direct electrical stimulation of the lateral 65 

habenula using deep brain stimulation (DBS) is associated with a significant reduction in 66 

depression scores in some patients.
12

 Since it is challenging to establish causality and quantify 67 

effect size with a high degree of confidence from such reports, double-blind, sham-controlled 68 

surgical studies of lateral habenula stimulation are currently in progress.
13

 Further, although the 69 

mechanisms of DBS in general are not fully understood, there is evidence from animal models 70 

that stimulation by DBS can inhibit the lateral habenula by hyperpolarizing neurons in this 71 

region.
14, 15

   72 

 Finally, the rapidly-acting antidepressant ketamine has been shown to decrease activity in 73 

the lateral habenula within timescales that seem to align with clinical response times.
16, 17

 74 

Although the pharmacology of ketamine is complex,
18 

and the mechanisms by which ketamine 75 

treats depression are not understood, it seems that blocking glutamate signaling to and from 76 

neurons in the lateral habenula may contribute to the antidepressant effects of ketamine.
14-17

  In 77 

other words, ketamine may treat depression partly by disinhibiting neurons in the VTA, SNpc, 78 
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raphe nuclei, and other regions that are generally under negative modulation by habenular 79 

projections.  80 

 81 

Conclusion  82 

This paper has described experimental and theoretical connections between the lateral habenula 83 

and Major Depressive Disorder. Lines of evidence indicating relationships between habenular 84 

activity and depressive symptoms in humans include structural and functional imaging studies, 85 

postmortem studies, pharmacological studies, and stimulation studies. A deeper understanding of 86 

this fascinating structure will greatly advance our understanding of the neurobiology of 87 

depression.  88 
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