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disorder and, as a result, are more susceptible to chronic 
stressors and interpersonal stress due to acute stressful 
life events [2]. Combined with cognitive impairments 
in attention, verbal processing, and verbal fluency, BD 
severely affects the day-to-day lives of people who have 
it. When looking at the quality of life (QOL), compared 
to control individuals, BDP score lower on health related 
QOL measures, specifically social functioning and men-
tal health [2]. BD is also associated with a high mortal-
ity risk. These factors—along with the effects of unstable 
mood states, difficulty with treatment adherence due to 

Introduction
Bipolar disorder (BD) is a psychiatric disorder that is 
associated with dramatic mood swings between depres-
sive and manic episodes, as well as changes in energy and 
connectivity levels, which affect daily life [1]. Patients 
with bipolar disorder (BDP) are severely affected by the 
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Abstract
Introduction Bipolar disorder is a psychiatric condition commonly treated with lithium. This treatment has various 
biological effects on the brain; however, variability in the areas and types of changes as a result of lithium treatment 
has resulted in discourse over lithium’s effect. As a result, a comprehensive synthesis is needed to understand lithium’s 
true neurological effect. This review aims to identify a common result of lithium use in the neurobiology of bipolar 
patients, specifically in the amygdala, to determine whether volumetric changes in the amygdala are a common 
effect.

Methods We conducted a preliminary search to identify key search terms across electronic databases, including 
Google Scholar and PubMed. After screening and application of inclusion and exclusion criteria, 9 cross-sectional 
studies were identified.

Results The evidence from these cross-sectional studies showed either an increase or no change in amygdalar 
volume. While this fails to identify a definite pattern in amygdalar volume changes, it highlights a need for further 
research to identify sources of heterogeneity and minimize them to ascertain accurate results.

Conclusions The present review may be used to influence future work concerning neurobiological changes in the 
amygdala as a result of lithium treatment for bipolar patients by summarizing patterns in the current literature.
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the need for combined treatment approaches, and BD’s 
comorbidity with other psychiatric disorders—all play a 
role in the difficulty of treating BD [3].

Lithium, a mood-stabilizing drug, is a common treat-
ment for bipolar disorder. Lithium, in tandem with 
antidepressants, is used to reduce the intensity and fre-
quency of manic episodes to regulate mood abnormali-
ties [1]. However, the mechanism of action of lithium on 
the brain of BDP remains unclear [4]. The amygdala, a 
region of the brain associated with memory of emotional 
information and mood regulation, has been identified as 
a region of interest [5]. Abnormal amygdala volumes may 
be connected to atypical emotional perception and mood 
regulation [6]. As a result, after treatment, amygdalar vol-
ume may act as a neural marker for improved emotion 
processing [7, 11].

Similar reviews have evaluated the effects of lithium 
on different regions of interest, including the hippocam-
pus [8] and the connectivity of the amygdala [9], in BDP, 
but none have focused solely on the effect on amygdalar 
volume. This scoping review aims to further clarify the 
impact of lithium treatment on the amygdalar volume 
of adult patients diagnosed with bipolar disorder. Our 
goal is to determine whether the amygdala can act as a 
consistent region of interest for determining the effect of 
lithium treatment on BDP.

Methods
This study is written in a scoping review format. This 
paper follows the Preferred Reporting Items for System-
atic Reviews and Meta-analysis Protocols (PRISMA-ScR) 
guidelines [10].

Eligibility criteria
Both empirical studies and review articles were included 
in the initial search, and each review article and its cita-
tions were assessed to locate any overlooked empirical 
studies. Ultimately, only primary empirical studies were 
included in the analysis for easy comparison of study 
methodology, findings, and conclusions. All empiri-
cal studies evaluated the amygdala in conjunction with 
lithium treatment for bipolar disorder. Empirical stud-
ies were required to include more than 10 BDP treated 
with only lithium and were excluded if participants were 
under 18 years of age or were nonhuman. Given the 
heterogeneity of treatment regimens in the articles, no 
restrictions were made if other treatments were used in 
concurrence with lithium.

Search process
The Google Scholar, PubMed, and Directory of Open-
Access Journals databases were searched with a limita-
tion for publication in the last 5 years. The following 
search terms were used: “bipolar AND amygdala AND 

‘lithium treatment’” and “(bipolar OR manic depres-
sion OR manic depressive illness) AND amygdala AND 
‘lithium treatment’”. All the researchers reviewed the 
titles and abstracts. Citations from all review articles, 
meta-analyses, and mega-analyses were also individually 
investigated and were included if the empirical study met 
the inclusion criteria. After the investigation, secondary 
research articles were removed as they contained infor-
mation from included studies, and all empirical studies 
were checked against the inclusion and exclusion criteria.

Data charting process
A data chart of relevant study characteristics, including 
study type, cohort size, and overall findings, was created. 
Both reviewers independently extracted the study data.

Synthesis
Among the final pool of sources, we summarized each 
study’s methods and evaluated their results. Each study 
was categorized based on their results: whether an 
increase, decrease, or no change in amygdalar volume 
occurred throughout lithium treatment on BDP.

Results
Our database search yielded 1,830 results; all types of 
papers were accepted at this point. After reviewing the 
titles and abstracts, and removing duplicates from all 
searches, 98 papers–35 empirical studies and 63 review 
articles– were included in the full-text review. The 
empirical studies were individually investigated, result-
ing in 8 remaining studies, while the review articles were 
reviewed for primary empirical studies. A total of 31 rel-
evant empirical studies were added, and all review arti-
cles were removed. All 39 empirical studies were checked 
against the inclusion criteria, and duplicates were 
removed. 32 empirical studies remained. The remain-
ing empirical studies were reviewed to ensure that they 
fit the scope of our paper. After review, the 13 remaining 
empirical studies were checked against the exclusion cri-
teria and 9 remained.

Table  1 summarizes the sample size, scanning tech-
nique, and study focus, including limitations, in sepa-
rate columns and synthesizes the results and conclusions 
of each trial in an organized manner. Most of the study 
results include p-values to show the overall change in 
mass in a straightforward and uniform manner.

All the studies in this review were cross-sectional stud-
ies. Similarly, all studies primarily used magnetic reso-
nance imaging (MRI) to identify and determine changes 
in the amygdala. The sample sizes, however, varied, with 
4 studies including 10–19 BDP using lithium [11, 12, 14, 
19], 1 study including 20–29 BDP using lithium [15], 
2 studies including 30–39 BDP using lithium [13, 17], 
and 2 studies including 40 + BDP using lithium [16, 18]. 
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3 studies did not include healthy controls (HC). Instead, 
Foland et al. and C. Barth et al. only compared BDP using 
lithium and BDP not using lithium, and Germaná et al. 
compared BDP using lithium, BDP not using lithium, and 
BDP using anticonvulsants [14–16].

Several studies differentiated between the right and left 
hemispheres of the amygdala and found differences in the 
two. In 2 studies, changes were identified only in either 

the right hemisphere [11] or the left hemisphere [15]; in 
the remaining 7 studies, the same results were found for 
both hemispheres [12–14, 16–19]. All the studies either 
observed a positive increase in the volume of the amyg-
dala of BDP treated with lithium [11–15] or observed no 
significant change after correction [16–19].

Of the 9 studies included, 5 noticed an increase in 
the amygdalar volume in BDP who received lithium in 

Fig. 1 Prisma flowchart. The PRISMA flow diagram for the scoping review detailing the number of records identified, screened, assessed for eligibility, 
and included in the review
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# Study Name Authors Study 
Design

Co-
hort 
Size

Technique Study Focus/Limitations Results/
Conclusions

11 Increased 
right amyg-
dala volume 
in lithium-
treated 
patients with 
bipolar I 
disorder

Usher et al. Cross-
sectional 
Study

15 BDP 
with 
lithium
24 BDP 
with-
out 
lithium
41 HC

MRI Focus:
This study focused on determining if lithium influenced 
the volume of the amygdala.
Limitations:
(i) Small sample size
(ii) Cross-sectional study design

In comparison 
with HC, BDP on 
lithium showed 
a larger right ab-
solute (+ 17.9%, 
P = .015, 
d = 0.831) and 
relative (+ 18%, 
P = .017, d = 0.8) 
amygdala 
volume.

12 Increased 
hippocampal, 
thalamus and 
amygdala 
volume in 
long-term 
lithium-treat-
ed bipolar 
I disorder 
patients com-
pared with 
unmedicated 
patients 
and healthy 
subjects

López- Jara-
millo et al.

Cross-
sectional 
Study

16 BDP 
with 
lithium
16 BDP 
with-
out 
lithium
20 HC

MRI Focus:
This study focused on volume changes in cortico-limbic 
structures (including the amygdala) using multivariable 
analysis. All BDP had a relatively long duration of illness 
(mean = 17 yrs), and the BDP on lithium were long-term 
lithium users (mean = 0.8 yrs).
Limitations:
(i) Small sample size
(ii) Unable to determine a cause‒effect relationship 
between lithium treatment and brain volume increase
(iii) Neuroprotection and neurotropism may also have 
been the cause for changes

In compari-
son with BDP 
without lithium, 
BDP on lithium 
showed a 
larger right 
(+ 10.2332%, 
P = .04, d = 0.557) 
and left 
(+ 32.4281%, 
P = .002, 
d = 1.328) amyg-
dala volume.

13 Association 
between 
duration of 
lithium expo-
sure and hip-
pocampus/
amygdala 
volumes in 
type I bipolar 
disorder

Sani et al. Cross-
sectional 
Study

30 BDP 
with 
lithium 
(15 
long 
expo-
sure, 
15 
short 
expo-
sure)
15 BDP 
with-
out 
lithium
15 HC

MRI Focus:
This study focused on volume changes in limbic and 
subcortical GMV. BDP using lithium were included in 
the study, but this study uniquely included duration of 
treatment as an important variable regarding changes 
in volume. The BDP using lithium group was divided 
into a short exposure (SE; exposed to lithium for < 24 
months) and long exposure (LE; exposed to lithium 
for > 24 months) to assess if the length of treatment 
resulted in different changes in volume.
Limitations:
(i) Retrospective, cross-sectional design
(ii) Other medications used along with lithium (anticon-
vulsants, antipsychotics) which may have normalizing 
effects on the brain structure of BDP

In compari-
son with BDP 
without lithium, 
BDP on lithium 
with SE showed 
a larger right 
(+ 16.1386%, 
P = .002, 
d = 1.182) and 
left (+ 20.352%, 
P = .002, 
d = 1.482) amyg-
dala volume, and 
BDP on lithium 
with LE showed 
a larger right 
(+ 11.7822%, 
P = .021, 
d = 1.196) and 
left (+ 20.352%, 
P = .018, 
d = 1.186) amyg-
dala volume.

Table 1 Summary of included studies studying the effects of lithium on BDP
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# Study Name Authors Study 
Design

Co-
hort 
Size

Technique Study Focus/Limitations Results/
Conclusions

14 Increased 
volume of 
the amygdala 
and hippo-
campus in bi-
polar patients 
treated with 
lithium

Foland et al. Cross-
sectional 
Study

12 BDP 
with 
lithium
37 BDP 
with-
out 
lithium
N/A 
HC

MRI and 
TBM

Focus:
This study tested if lithium treatment led to an increase 
in amygdalar volumes in BDP using lithium in compari-
son to euthymic BDP who were lithium-free but taking 
other medications. Foland et al. employed tensor-based 
morphometry (TBM) in addition to MRI to analyze the 
effect of lithium treatment of the amygdala. As part of 
the TBM technique, the study used MRI to create a tem-
plate scan based on the average of 27 T-1 weighted MRI 
acquisitions, compared the MRI scans of each individual 
to this template scan, and noted the warping.
Limitations:
(i) Small sample size
(ii) Higher proportion of males in BD group
(iii) Younger lithium-free group compared to lithium-
treated group
(iv) Other medications used along with lithium
(v) Unknown if lithium-free group had taken lithium in 
the past
(vi) No HC group

In compari-
son with BDP 
without 
lithium, BDP on 
lithium showed 
larger right 
(+ 1.53846%, 
P = 1.63, d = 1.9), 
left (+ 3.82775%, 
P = .035, 
d = 3.138), 
and bilat-
eral (+ 2.9703%, 
P = .023, 
d = 3.795) amyg-
dala volumes.

15 The effects of 
lithium and 
anticonvul-
sants on brain 
structure 
in bipolar 
disorder

Germaná 
et al.

Cross-
sectional 
Study

28 BDP 
with 
lithium
28 BDP 
with-
out 
lithium
18 BDP 
on an-
tipsy-
chotics
N/A 
HC

MRI and 
VBM

Focus:
This study focused on the effect of not only lithium but 
also other anticonvulsants and antipsychotics on the 
brain structure of BDP. BDP using lithium were not com-
pared to a control group as there were no HC or BDP 
not using medication. Voxel-based morphometry (VBM) 
was used to analyze 74 MRI scans to identify changes in 
GMV as a result of lithium treatment.
Limitations:
(i) Unable to determine if changes in volume were from 
a neurotropic/neuroprotective effect or osmotic effect
(ii) No HC group or unmedicated BDP group
(iii) No random assignment, possibility of bias

In compari-
son with BDP 
without lithium, 
BDP on lithium 
showed a larger 
left hippocam-
pus/amyg-
dala complex 
(P < .001).

16 In Vivo Amyg-
dala Nuclei 
Volumes in 
Schizophre-
nia and Bipo-
lar Disorders 
(supplemen-
tary material)

C. Barth et al. Cross-
sectional 
Study

54 BDP 
on 
lithium
247 
BDP 
with-
out 
lithium
N/A 
HC

MRI Focus:
This study focused on amygdalar volume changes in 
people with both schizophrenia and BD. While this 
study did not focus on the effect of lithium, supplemen-
tary material was provided that covered the effect of 
lithium on the amygdalae of BDP.
Limitations:
(i) Cross-sectional design study
(ii) MRI has limited ability in imaging technology so 
volumes of smaller regions within the amygdala should 
be treated with caution

No associa-
tion was found 
between psy-
chotropic drugs 
or mood stabiliz-
ers (lithium) 
and volume in 
schizophrenia 
and bipolar 
patients.

Table 1 (continued) 
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# Study Name Authors Study 
Design

Co-
hort 
Size

Technique Study Focus/Limitations Results/
Conclusions

17 Lithium treat-
ment and 
hippocampal 
subfields and 
amygdala 
volumes in 
bipolar 
disorder

Hartberg 
et al.

Cross-
sectional 
Study

34 BDP 
with 
lithium
147 
BDP 
with-
out 
lithium
300 
HC

MRI Focus:
This study focused on comparing amygdalar, and hip-
pocampal, volumes between BDP using lithium, BDP 
not using lithium, and HC, and on the statistical effects 
of the illness’ course.
Limitations:
(i) No randomization in treatment groups, may have 
selection bias
(ii) Small BDP on lithium group compared to HC and 
nonlithium BDP
(iii) No system to check for previous compliance with 
lithium treatment
(iv) Use of neuroleptic medications other than lithium 
(however, was corrected for)
(v) Drug or alcohol use may have affected results
(vi) Results may have been a result of statistical power 
issues

In compari-
son with BDP 
without lithium, 
BDP on lithium 
showed a larger 
right (+ 3.4891%, 
d = 2.236) and 
left (+ 1.98718%, 
d = 1.2) amyg-
dala volumes. 
However, these 
values were not 
significant.

18 Volume and 
shape analy-
sis of sub-
cortical brain 
structures 
and ventricles 
in euthymic 
bipolar I 
disorder

Quigley et al. Cross-
sectional 
Study

46 BDP 
with 
lithium
14 BDP 
with-
out 
lithium
60 HC

MRI Focus:
This study aimed to establish trait-related subcortical 
structural and volumetric changes or abnormalities, by 
comparing euthymic BDP using lithium to HC. Such a 
large cohort size was purposefully used to attempt to 
combat the heterogeneity of previous studies.
Limitations:
(i) Varied individual clinical histories of BDP
(ii) Other medications used along with lithium
(iii) Unable to determine causation effect of lithium due 
to not being a longitudinal study
(iv) Only euthymic BDP in study; inclusion of manic or 
depressed may have an effect

In comparison 
with HC, BDP on 
lithium showed 
a larger right 
(+ 3.34262%, 
P = .397, 
d = 0.174) and 
left (+ 3.46608%, 
P = .419, 
d = 0.171) amyg-
dalar volume.

19 A 7 Tesla 
Amygdalar- 
Hippocampal 
Shape Analy-
sis of Lithium 
Response 
in Bipolar 
Disorder

Athey et al. Cross-
sectional 
Study

14 BDP 
on 
lithium
21 HC

MRI Focus:
This study aimed to investigate structural surface 
anatomy–volume and shape metrics–in the amygdala 
and hippocampus as a result of treatment for BDP. Par-
ticipants in this study went through a 16-week stabiliza-
tion phase and a 4-week observation phase. Afterwards, 
those who were considered mildly ill according to the 
Clinical Global Impression Severity Test advanced to 
a maintenance phase that lasted between 4 weeks to 
24 months. Every 2 months participants were assessed 
and those who relapsed or had failed to remit during 
the stabilization/observation phase were deemed 
nonresponders, referencing their lithium response. 
Scans using 7 Tesla structural MRI were taken of the BDP 
using lithium and compared to those of nonresponders 
and HC.
Limitations:
(i) Small sample size
(ii) No males in nonresponder group, may impact 
generalization-ability of results
(iii) Confounding variables such as duration of treat-
ment, depressive predominant polarity, or stressful life 
events may have affected results
(iv) Used a manual segmentation process
(v) Changes within structures would not have been 
detected because subregions were split on the surface

There were 
no significant 
differences in 
volumes of 
amygdalae or 
hippocampi 
between the 
lithium respond-
ers, nonre-
sponders, and 
HC groups.

Significant P values are in bold, d = Cohen’s d

Table 1 (continued) 
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comparison to the other groups. These 5 studies differed 
in focus and technique. Of the 5 studies, 3 focused on 
volume changes at a broader scope, either looking at the 
whole brain or at a larger section that encompassed the 
amygdala [12, 13, 15]. In contrast, 2 studies focused on 
changes in amygdalar volume [11, 14]. Although all the 
studies primarily utilized MRI, Foland et al. and Germaná 
et al. also used TBM and VBM, respectively.

Study results at a more detail-oriented level also greatly 
varied. In Usher et al.’s study, a significant increase in the 
size of only the right hemisphere of the amygdala was 
found. Additionally, correlations between amygdalar vol-
ume and other factors associated with BD, including age 
of onset, duration of disease, and number of manic and 
depressive episodes, were not found to be significant. 
Instead, the study assumed that there was a connection 
between lithium and an increase in gray matter volume 
(GMV), which manifests as an increase in amygdalar 
volume in BDP. Conversely, in Foland et al.’s study, BDP 
treated with lithium had significantly greater left amyg-
dalar volumes than did BDP not treated with lithium. 
However, similar to Usher et al., Foland et al. highlighted 
the connection between lithium and increases in corti-
cal GMV and suggested that this connection may be the 
cause of discrepancies in the effect of lithium on cortico-
limbic structures. Similarly, attempting to explain the 
current inconsistency in the related literature, Sani et al. 
considered the length of treatment as a possible source 
of this heterogeneity. Sani et al. concluded that the dura-
tion of treatment did have an impact on volume changes. 
In their study, the bilateral amygdalar volume was smaller 
in the no-exposure (NE) group than in the HC group, 
but the amygdalar volume was not significantly different 
between the long-exposure (LE) group and the NE group 
or HC group. However, compared with those in the NE 
group, the amygdalar volume in the short-exposure (SE) 
group was significantly greater, suggesting that there is 
a difference in amygdalar volume based on the duration 
of lithium treatment that may be responsible for the het-
erogeneous results among related studies. Similar to Sani 
et al., Germaná et al. also reported a significant correla-
tion between the duration of lithium treatment and over-
all gray matter density. Additionally, similar to Foland et 
al., Germaná et al. reported significant increases in the 
GMV of the left amygdala in BDP treated with lithium 
compared to other treatment groups. In this study, the 
amygdala was noted to be in a complex with the hippo-
campus, which may have accounted for the increase in 
volume, but this increase was still considered significant. 
On the other hand, a separate study by López-Jaramillo 
et al. revealed a significant increase in the volumes of 
both the right and left amygdalae of BDP treated with 
lithium. Interestingly, they found that serum levels of 
lithium were not directly correlated with an increase in 

the volume of the amygdala, although the strength of cor-
relation in the right hemisphere was greater than in the 
left hemisphere.

Conversely, 4 of the 9 studies found no significant 
change in the amygdalar volume of BDP treated with 
lithium compared to the other groups. However, these 
conclusions were not definite. C. Barth et al. reported sig-
nificant positive associations between the bilateral acces-
sory basal nucleus volume of the amygdala and lithium 
use, but these associations did not survive correction. In 
the main study, however, C. Barth et al. acknowledged 
that their findings were in opposition to the general trend 
shown in previous studies. Hartberg et al. deduced that 
although the BDP in the lithium-use group had larger 
amygdalar volumes than did BDP not using lithium, ulti-
mately, no significant differences were found between the 
volumes of BDP treated with lithium and that of HC or 
BDP not receiving lithium. Hartberg et al. conceded that 
this may be a statistical power issue. By analyzing the 
statistical effects of the illness course, Hartberg et al. uti-
lized regression analyses of the BDP treated with lithium 
and showed positive associations between the length of 
lithium treatment and both hemispheres of the amygdala. 
After correction, however, these associations were once 
again no longer significant. The last two studies by Quig-
ley et al. and Athey et al. found no significant differences 
in amygdalar volume between their cohorts. As a result, 
no relationship was identified between lithium use or 
duration of treatment and changes in the volume of the 
amygdala of BDP in either study.

Discussion
This scoping review included 9 cross-sectional stud-
ies, all of which used MRI, and determined whether 
there was a significant change in the amygdalar volume 
of BDP treated with lithium. Of these 9 studies, 5 found 
an increase in the amygdalar volume of the BDP receiv-
ing lithium in comparison to the amygdalae of other 
treatment and control groups, whereas 4 found no sig-
nificant changes in volume [11–19]. Using these studies, 
our team aimed to identify either an increase or decrease 
in amygdalar volume in adults with BD using lithium as 
a physical substrate for the treatment of BD. We deter-
mined that there was a general increase; however, these 
findings are not explicitly corroborated by all the studies. 
Both within this review and in the current general litera-
ture that discusses volumetric changes in the amygdala in 
BDP treated with lithium, heterogeneity pervades, mak-
ing the identification of a simple conclusion is difficult.

Amygdalar hemispheres
Even within this review, studies that shared conclu-
sive results, either finding an increase or no change 
in amygdalar volume, still had discrepancies in which 
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hemispheres showed these results and the treatment and 
control groups that they compared.

Among the studies that found an increase, 1 study 
found an increase in the right amygdala only [11], 2 stud-
ies found an increase in the left amygdala only [14, 15], 
and 2 found an increase bilaterally [12, 13]. On the other 
hand, for the studies that found no change, all 4 stud-
ies found no significant changes bilaterally. Within this 
group, however, it is important to note that Athey et al. 
focused only on surface area changes in the amygdalar 
hemispheres without noting volumetric changes that may 
have occurred within these subregions. These discrepan-
cies within each group only serve to emphasize the het-
erogeneity that exists regarding the amygdala despite its 
obvious importance within BD as an area of emotional 
regulation [3].

Cohort types
Cohorts varied across all studies. Among the studies that 
have shown an increase in amygdala size, most often BDP 
receiving lithium were compared to BDP not receiving 
lithium and HC [11–13, 17, 18]; sometimes, BDP treated 
with lithium were compared to either BDP not treated 
with lithium [14–16] or solely HC [19]. Some studies 
included a comparison between BDP using lithium and 
BDP using other medications [15], and in 2 cases, BDP 
using lithium were compared to study-specific groups, 
such as grouping by exposure length [13] or responsiv-
ity to treatment [19]. However, in these last 2 studies, 
BDP treated with lithium were also compared to HC to 
provide a metric for comparison, in addition to Sani et 
al.’s comparisons between SE, NE, and LE groups to test 
the impact of the length of treatment and Athey et al.’s 
responsive and nonresponsive groups to highlight remit-
tance. Additionally, C. Barth et al. compared patients 
diagnosed with BDI and BDII in 1 additional study [16].

Techniques
While each study used MRI to take scans of the brain, 
additional techniques were used in conjunction with MRI 
[14, 15]. Foland et al. used TBM, and Germaná et al. used 
VBM. However, others have noted that VBM may not 
be a good technique for detecting changes in subcorti-
cal structure due to its difficulty in detecting more subtle 
changes in volume [18]. Changes in imaging technique 
may influence study findings, as the small volume of the 
amygdala may make it more challenging to detect subtle 
changes in volume depending on the imaging modality 
[18].

Duration of treatment
The length of lithium treatment may influence amygda-
lar volume changes. In Sani et al.’s cross-sectional study, 
lithium treatment duration was an important factor: 

exposure groups were created to test the short-term 
duration of treatment in comparison to the long-term 
duration. From this study, it was concluded that length 
of treatment did have an impact on amygdalar volume, 
as the difference in amygdalar volume was not significant 
in the LE group, but the SE group had greater amygda-
lar volume than the NE group. Sani et al. suggested that 
the difference in the duration of lithium treatment, which 
is often not uniform across cohorts or studies, leads to 
heterogeneity among the literature because of the lesser-
known effect of the duration of treatment on amygdalar 
volume changes in BDP treated with lithium. Addition-
ally, a second cross-sectional study by López Amarillo et 
al. suggested a relationship between the length of treat-
ment and greater volumetric increases in the amygdala of 
BDP. While both studies suggest different relationships, 
they both identify the duration of lithium treatment as a 
cause of heterogeneity. However, Quigley et al. found no 
significant associations between length of treatment and 
changes in amygdalar volume, directly contradicting the 
findings of Sani et al. and López Amarillo et al. and once 
again exemplifying the continued discourse.

Cohort sizes and mood states
The heterogeneity of volumetric changes may also be 
explained by varying cohort sizes and mood states. Most 
of the studies included in this review had relatively small 
BDP using lithium cohort sizes. The smaller cohort sizes 
decreased the generalizability of each study and make it 
difficult to apply to a larger population because there is 
not an even distribution of different biological categories, 
such as sex or BD-specific categories, including mood 
state or BD type [18].

Regarding biological discrepancies, Hartberg et al. 
reported a greater proportion of men in their HC group 
than in their medicated and unmedicated BDP groups. 
Quigley et al. had no males in their nonresponsive group. 
These discrepancies make it difficult to apply these stud-
ies to larger populations because they are not representa-
tive of certain groups.

Additionally, in the studies by Usher et al. and Quig-
ley et al., only euthymic BDP were included. Conversely, 
some of the studies that included manic and depressed 
patients had discrepancies in the number of manic and 
depressive episodes between the medicated and unmedi-
cated groups [12]. Hartberg et al. established a relation-
ship between mood states and cortico-limbic structure 
volumes, stating that mood states can affect the latter, 
which emphasizes how the exclusion of or discrepan-
cies regarding certain mood states can possibly have an 
unknown effect on changes in amygdalar volume. Ref-
erencing BD type, C. Barth et al. was the only study to 
differentiate between the two and highlight their relation-
ship with respect to volumetric changes in the amygdala 
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in BDP treated with lithium; however, they found no sig-
nificant relationship between BDI and BDII.

Despite this heterogeneity, even within this review, our 
findings overall suggest an increase in the amygdalar vol-
ume of BDP receiving lithium as a physical indicator of 
the effect of lithium on BDP. Of the 4 studies that found 
no significant change in amygdalar volume, C. Barth et 
al. and Hartberg et al. both acknowledged that there were 
respective increases in amygdalae volumes before correc-
tions deemed them mathematically insignificant (P > .05). 
C. Barth et al. reported significant positive associations 
between lithium usage and the bilateral accessory basal 
nucleus of the amygdala, and a majority of Hartberg et 
al.’s BDP using lithium group showed larger amygdalar 
volumes than did BDP not using lithium. Hartberg et 
al. conceded the possibility of a statistical power issue 
that may have impacted the significance of the differ-
ence in volume. Quigley et al. also reported that amyg-
dalar volume increases, although the difference was not 
significant. Athey et al. examined surface-level changes 
in volume rather than volumetric changes inside both 
hemispheres, which may have impacted the results. 
Additionally, despite the discourse over the changes in 
the amygdalae of BDP after lithium treatment, it is gener-
ally agreed that the amygdalae of unmedicated BDP are 
smaller than those of HC [13]. Therefore, an increase in 
amygdalar volume would normalize or return BDP amyg-
dalar volumes to a relatively normal volume in compari-
son to HC, as observed in Sani et al.’s LE group.

Limitations
The findings of this review are limited as the majority 
of the studies have small, less generalizable cohort sizes 
which may cause heterogeneity between studies. Addi-
tionally, 2 studies used techniques other than MRI, which 
may have skewed the results of the comparisons [14, 15]. 
Most of the studies included did not focus solely on vol-
umetric changes in the amygdala; instead, they focused 
on corticolimbic volume changes or hippocampal and 
amygdalar volume changes [12–19]. Likewise, other stud-
ies not only focused on BD but also evaluated volume 
changes in patients with other disorders, such as schizo-
phrenia [16].

This review is limited by the use of only three key 
databases and the omission of gray literature. While no 
language barriers were placed during the initial search 
process, papers not written or translated into English 
were removed. Studies were required to have at least 10 
BDP using lithium to ensure that the study results were 
relevant and could be applied to larger populations; how-
ever, this did lead to the removal of multiple studies that 
may have resulted in different conclusions.

Conclusion
The lack of evidence to sufficiently support the claim that 
lithium increases the volume of the amygdala in adult 
bipolar patients indicates a significant gap in the current 
literature and research on this topic. Most of the studies 
included in this review stated that longitudinal research 
studies need to be performed [11–13, 16–19], and addi-
tional replication of this evidence needs to occur [14, 
17] to confirm this claim. Longitudinal studies should 
be conducted to expand the current evidence within the 
related literature and establish clear relationships before 
conducting further reviews.

Abbreviations
BD  Bipolar disorder
BDP  Bipolar disorder patients
QOL  Quality of life
MRI  Magnetic resonance imaging
HC  Healthy controls
NE  No exposure
SE  Short exposure
LE  Long exposure
TBM  Tensor-based morphometry
VBM  Voxel-based morphometry

Acknowledgements
Not applicable.

Author contributions
Both authors conducted literature search, scanned abstracts, drafted 
manuscripts and tables, and reviewed the manuscript. A.S. prepared Fig. 1. 
A.N. submitted the manuscript.

Funding
Not applicable.

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 24 January 2024 / Accepted: 13 October 2024

References
1. Bipolar Disorder. (2023). National Institute of Mental Health (NIMH). https://

www.nimh.nih.gov/health/topics/bipolar-disorder Accessed 18 August 2023.
2. Gitlin MJ, Miklowitz DJ. The difficult lives of individuals with bipolar disorder: 

a review of functional outcomes and their implications for treatment. J Affect 
Disord. 2017;209:147–54. https://doi.org/10.1016/j.jad.2016.11.021. Accessed 
23 September 2023.

3. Hilty DM, Leamon MH, Lim RF, Kelly RH, Hales RE. (2006). A review of bipolar 
disorder in adults. Psychiatry (Edgmont (Pa.: Township)), 3(9), 43–55. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC2963467/ Accessed 18 August 
2023.

https://www.nimh.nih.gov/health/topics/bipolar-disorder
https://www.nimh.nih.gov/health/topics/bipolar-disorder
https://doi.org/10.1016/j.jad.2016.11.021
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2963467
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2963467


Page 10 of 10Solleti and Naeem Annals of General Psychiatry           (2024) 23:38 

4. Giakoumatos CI, Nanda P, Mathew IT, Tandon N, Shah J, Bishop JR, Clementz 
BA, Pearlson GD, Sweeney JA, Tamminga CA, Keshavan MS. Effects of lithium 
on cortical thickness and hippocampal subfield volumes in psychotic 
bipolar disorder. J Psychiatr Res. 2015;61:180–7. https://doi.org/10.1016/j.
jpsychires.2014.12.008. Accessed 28 September 2023.

5. Phillips ML et al. A neural model of voluntary and automatic emotion regula-
tion: Implications for understanding the pathophysiology and neurode-
velopment of bipolar disorder. Molecular Psychiatry, vol. 13, no. 9, 2008, pp. 
833–857, https://doi.org/10.1038/mp.2008.65. Accessed 04 October 2023.

6. Garrett A, Chang KD. The role of the amygdala in bipolar disorder develop-
ment. Dev Psychopathol. 2008;20(4):1285–96. https://doi.org/10.1017/
s0954579408000618. Accessed 18 July 2023.

7. Hortelano P, Artiach et al. Effect of lithium administration on brain activity 
under an emotion regulation paradigm in healthy participants: A functional 
magnetic resonance imaging study. PubMed Central, 2022, https://doi.
org/10.21203/rs.3.rs-2246522/v1. Accessed 04 October 2023.

8. Ott CV, Bergstrom Johnson C, Macoveanu J, Kamilla Miskowiak. &. (2019). 
Structural changes in the hippocampus as a biomarker for cognitive 
improvements in neuropsychiatric disorders: A systematic review. European 
Neuropsychopharmacology, 29(3), 319–329. https://doi.org/10.1016/j.euro-
neuro.2019.01.105 Accessed 28 September 2023.

9. Murat Altinay H Karne, Anand A. (2018). Lithium monotherapy associated 
clinical improvement effects on amygdala-ventromedial prefrontal cortex 
resting state connectivity in bipolar disorder. Journal of Affective Disorders, 
225, 4–12. https://doi.org/10.1016/j.jad.2017.06.047 Accessed 28 September 
2023.

10. PRISMA. (2018). Prisma-Statement.org. http://www.prisma-statement.org/
Extensions/ScopingReviews Accessed 02 July 2023.

11. Usher J, Menzel P, Schneider-Axmann T, Kemmer C, Reith W, Falkai P, Gruber 
O, Scherk H. (2010). Increased right amygdala volume in lithium-treated 
patients with bipolar I disorder. Acta Psychiatrica Scandinavica, 121(2), 
119–124. https://doi.org/10.1111/j.1600-0447.2009.01428.x Accessed 23 July 
2023.

12. López-Jaramillo C, Vargas C, Díaz-Zuluaga AM, Palacio JD, Castrillón G, 
Bearden CE, Vieta E. (2017). Increased hippocampal, thalamus and amygdala 
volume in long‐term lithium‐treated bipolar I disorder patients compared 
with unmedicated patients and healthy subjects. Bipolar Disorders, 19(1), 
41–49. https://doi.org/10.1111/bdi.12467 Accessed 22 July 2023.

13. Sani G, Simonetti A, Janiri D, Banaj N, Ambrosi E, De Rossi P, Ciullo V, 
Arciniegas DB, Piras F, Gianfranco Spalletta. &. (2018). Association between 

duration of lithium exposure and hippocampus/amygdala volumes in type 
I bipolar disorder. Journal of Affective Disorders, 232, 341–348. https://doi.
org/10.1016/j.jad.2018.02.042 Accessed 22 July 2023.

14. Foland LC, Altshuler LL, Sugar CA, Lee AD, Leow AD, Townsend J, Narr KL, 
Asuncion DM, Toga AW, Thompson PM. Increased volume of the amygdala 
and hippocampus in bipolar patients treated with lithium. NeuroReport. 
2008;19(2):221–4. https://doi.org/10.1097/wnr.0b013e3282f48108. Accessed 
02 Sept 2023.

15. Germanà C, Kempton MJ, Sarnicola A, Christodoulou T, Haldane M, Hadjulis 
M, Girardi P, Tatarelli R, Frangou S. The effects of lithium and anticonvul-
sants on brain structure in bipolar disorder. Acta Psychiatrica Scandinavica. 
2010;122(6):481–7. https://doi.org/10.1111/j.1600-0447.2010.01582.x. 
Accessed 28 July 2023.

16. Barth C, Nerland S, de G, Wortinger LA, Hilland E, Andreassen OA, Kjetil Nor-
dbø Jørgensen, Agartz I. (2021). In Vivo Amygdala Nuclei Volumes in Schizo-
phrenia and Bipolar Disorders. Schizophrenia Bulletin, 47(5), 1431–1441. 
https://doi.org/10.1093/schbul/sbaa192 Accessed 15 July 2023.

17. Hartberg CB, Kjetil Nordbø Jørgensen, Haukvik UK, Westlye LT, Melle I, Andre-
assen OA, Agartz I. (2015). Lithium treatment and hippocampal subfields 
and amygdala volumes in bipolar disorder. Bipolar Disorders, 17(5), 496–506. 
https://doi.org/10.1111/bdi.12295 Accessed 22 July 2023.

18. Quigley SJ, Scanlon C, Kilmartin L, Emsell L, Langan C, Hallahan B, Murray 
M, Waters C, Waldron M, Hehir S, Casey H, McDermott E, Ridge J, Kenney 
J, O’Donoghue S, Nannery R, Ambati S, McCarthy P, Barker GJ, Cannon 
DM. (2015). Volume and shape analysis of subcortical brain structures and 
ventricles in euthymic bipolar I disorder. Psychiatry Research: Neuroimaging, 
233(3), 324–330. https://doi.org/10.1016/j.pscychresns.2015.05.012 Accessed 
22 July 2023.

19. Athey TL, Ceritoglu C, Tward DJ, Kutten KS, Raymond J, DePaulo, Glazer K, 
Goes FS, Kelsoe JR, Mondimore FM, Nievergelt CM, Rootes-Murdy K, Zandi 
PP, Tilak Ratnanather J, Mahon PB. (2021). A 7 Tesla Amygdalar-Hippocampal 
Shape Analysis of Lithium Response in Bipolar Disorder. Frontiers in Psychia-
try, 12. https://doi.org/10.3389/fpsyt.2021.614010 Accessed 18 July 2023. 
Figu.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1016/j.jpsychires.2014.12.008
https://doi.org/10.1016/j.jpsychires.2014.12.008
https://doi.org/10.1038/mp.2008.65
https://doi.org/10.1017/s0954579408000618
https://doi.org/10.1017/s0954579408000618
https://doi.org/10.21203/rs.3.rs-2246522/v1
https://doi.org/10.21203/rs.3.rs-2246522/v1
https://doi.org/10.1016/j.euroneuro.2019.01.105
https://doi.org/10.1016/j.euroneuro.2019.01.105
https://doi.org/10.1016/j.jad.2017.06.047
http://www.prisma-statement.org/Extensions/ScopingReviews
http://www.prisma-statement.org/Extensions/ScopingReviews
https://doi.org/10.1111/j.1600-0447.2009.01428.x
https://doi.org/10.1111/bdi.12467
https://doi.org/10.1016/j.jad.2018.02.042
https://doi.org/10.1016/j.jad.2018.02.042
https://doi.org/10.1097/wnr.0b013e3282f48108
https://doi.org/10.1111/j.1600-0447.2010.01582.x
https://doi.org/10.1093/schbul/sbaa192
https://doi.org/10.1111/bdi.12295
https://doi.org/10.1016/j.pscychresns.2015.05.012
https://doi.org/10.3389/fpsyt.2021.614010

	What is the effect of lithium use on the amygdalar volume of adult patients diagnosed with bipolar disorder: a scoping review
	Abstract
	Introduction
	Methods
	Eligibility criteria
	Search process
	Data charting process
	Synthesis

	Results
	Discussion
	Amygdalar hemispheres
	Cohort types
	Techniques
	Duration of treatment
	Cohort sizes and mood states
	Limitations

	Conclusion
	References


