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ABSTRACT ARTICLE HISTORY
Dissociative Identity Disorder (DID), an illness characterized by Received 23 April 2020
multiple personality states, has long been a controversial diag- Accepted 13 August 2020

nosis within the psychiatric community. Demonstrating KEYWORDS

a neuroanatomical basis for the disorder may help to resolve Dissociative Identity
the controversy. Current literature on the neuroanatomy asso- Disorder; multiple
ciated with DID has focused on the hippocampus and amygdala Personality Disorder; MRI;
and are inconclusive. This meta-analysis pools the results from neuroanatomy;

n = 3 studies to compare the mean size of these two structures hippocampus; amygdala
between DID patients, non-DID patients, and healthy controls.

Patients diagnosed with both DID & PTSD were found to have

smaller hippocampi bilaterally (p< .001) compared to healthy

controls; no significant difference was seen in the amygdala.

When comparing DID to PTSD patients, the left hippocampus

was smaller (p< .001), with a trend for a smaller right hippocam-

pus (p = .06). A comparison of the amygdala was not possible

due to a lack of data. These findings suggest that a smaller

hippocampus is seen in DID patients beyond what is seen for

PTSD, provides neuroanatomical evidence for the memory

impairment often seen in DID patients (i.e., amnesia experi-

enced by the host and alters), and presents a potentially novel

means to understand this disorder.

Introduction

Dissociative Identity Disorder (DID) is a psychiatric illness in which the hallmark
is the existence of multiple personalities in one individual, as well as episodes of
dissociation characterized by the separation of normal mental processes from
other mental processes and perception of the environment (American Psychiatric
Association, 2013). Other symptoms of the disorder include memory impairment,
amnesia, and abnormal responses to and processing of fear (American Psychiatric
Association, 2013; Reinders et al., 2018; Sar et al., 2017b; Vissia et al., 2016). The
disorder affects around 1% of the general population (Sar et al., 2017b). Despite
ongoing debates regarding neuroanatomical changes seen with the disorder, a few
consistent theories have developed: (1) the hippocampus has been implicated due
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to memory impairments seen in patients (Blihar et al., 2020; Chalavi et al., 2015b;
Sar et al, 2017b; Vermetten et al., 2006); and (2) the amygdala is most likely
involved in the development and manifestation of the disorder due to a history of
childhood trauma seen in many DID patients (Blihar et al., 2020; Dalenberg et al.,
2012; Reinders et al., 2018; Vermetten et al., 2006).

Recent studies on structural abnormalities have repeatedly found decreases in
the right and left hippocampi of DID patients compared to healthy controls
(Chalavi et al., 2015a, 2015b; Reinders et al., 2019; Vermetten et al., 2006;
Weniger et al., 2008). Structural changes observed in the amygdala have been
less consistent. A number of researchers in the field have found a decrease in
amygdala size (Reinders et al., 2019; Vermetten et al., 2006) but other researchers
have failed to observe a similar finding (Chalavi et al., 2015a; Weniger et al., 2008).

Given the disagreement in the literature, a meta-analysis to determine the
pooled eftect size is appropriate. Comparing reported volumes of the hippo-
campus and amygdala in patients with DID, patients diagnosed with both
post-traumatic stress disorder (PTSD) and DID, and healthy controls would
provide more quantitative data on potential differences in brain regions while
controlling for PTSD as a potential confounding variable. We hypothesized
that patients diagnosed with DID would have smaller hippocampi and amyg-
dala, bilaterally, compared to healthy controls and patients diagnosed with
PTSD (but without comorbid DID).

Methods
Article Search and Selection

This manuscript conforms to PRISMA reporting guidelines for systematic reviews
and meta-analyses (Shamseer et al., 2015) and adopts a similar search procedure
to Pham and colleagues (Pham et al., 2014). The protocol from Blihar et al. (2020),
registered with PROSPERO (NIH, n.d.) under Registration Number:
CRD42019125573, was modified to include additional inclusion criteria: (1)
articles had to report hippocampal or amygdala volumes; and (2) articles report-
ing non-univariant voxel pattern data were excluded due to inability to pool that
data with other reported article volume data. The initial data search was con-
ducted during March 2020 across six electronic databases (PubMed, Psychiatry
Online, MedLinePlus, ScienceDirect, Cochrane Database of Systematic Reviews,
and PsycINFO) using the Boolean search (Blihar et al., 2020):

(“Dissociative Identity Disorder” OR “Multiple Personality Disorder”)
AND MRIL

Search results were not restricted by any filters or timeline. Predefined key-
words, such as “Dissociative Personality Disorder,” “Multiple Personality
Disorder,” and/or “MRIL” were used to screen articles based on abstracts.
Abstracts not including those predefined words were excluded unless the
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methodology section included brain measurements of DID participants. Articles
with reported results pertaining to PTSD participants along with DID participants
were also included. The risk of bias in individual studies was controlled using the
scoring system described by the US Department of Health and Human Services
(USDHSS) (West et al., 2002). Articles with a quality rating of greater than or
equal to 4 were accepted for data extraction. Article screening, article selection,
article exclusion, and data extraction were conducted in duplicate by two inde-
pendent authors. Disagreements were settled by a decision from a third indepen-
dent author. Table 1 summarizes the studies included in this analysis; Figure 1
shows the generated PRISMA flow chart outlining the inclusion and exclusion
process.

Statistical Analysis

Using a random-effects model and the DerSimonian-Laird method
(DerSimonian & Laird, 1986), a meta-analysis was conducted on the mean
difference between the hippocampus and amygdala between two groupings
of patients (PTSD/DID vs. healthy controls [HC]; PTSD/DID v DID). The
mean difference was used because the study authors reported the mean and
standard deviation for the brain volumes (measured in cm’). Heterogeneity
of studies was estimated using the I-squared (I°) statistic; an estimate greater
than or equal to 75% was taken as evidence of high heterogeneity (Higgins
et al., 2003), where the pooled analysis was deemed inappropriate.
Publication bias was assessed using the funnel plot method (Soeken &
Sripusanapan, 2003). The analysis was conducted using STATA (version 16).

Results

Three studies (see Table 1) were selected for data extraction because all three
papers reported hippocampus and amygdala structural characteristics in units of
volume. These studies represented 165 participants (PTSD n = 32; DID n = 32,
DID/PTSD n = 17, healthy controls n = 92; see Table 1). All three studies were
included in the DID/PTSD vs. HC hippocampus analysis; two of the three
(Chalavi et al,, 2015a; Vermetten et al., 2006) were included in the amygdala
analysis. The (Vermetten et al., 2006) study was not included in the amygdala
analysis because they did not report amygdala volume findings. Analysis compar-
ing PTSD and DID for the amygdala could not be conducted as only one study
(Weniger et al., 2008) reported findings for these populations.

Hippocampal and amygdala volumes in study participants were reported as
compared against total brain volumes with “total brain” defined by each study
(see whole brain). Reinders et al. (2019,2018) were not selected for extraction
because neuroanatomical characteristics were reported in non-univariant
voxel patterns. Weniger et al. (2008) were not selected for extraction because
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all of the participants with dissociative amnesia, DID, and PTSD also had
a diagnosis of bipolar personality disorder (BPD) and the healthy controls did
not introduce a potential confounding variable (BPD) into the analysis.

Whole Brain

Chalavi et al. (2015a) defined the whole brain as all brain parenchyma and
found that DID patients had a significantly smaller cortical volume of total
gray matter (TG) (p =.003), left hemisphere gray matter (LG) (p =.001I), and
right hemisphere gray matter (RG) (p = .009) than healthy controls. Neither
Chalavi et al. (2015b) nor Vermetten et al. (2006) found significant differences
in the total brain cortical volumes between DID patients and controls. Chalavi
et al. (2015a) found that LG cortical thickness was smaller in DID patients.

Hippocampus

Vermetten et al. (2006) found that hippocampal volumes in DID participants
were smaller bilaterally compared to healthy controls (HC). They also found
that participants who recovered from DID had significantly larger hippocampi
than DID participants not having recovered from their disorder or completed
therapy (Vermetten et al., 2006). Chalavi et al. (2015b) found that DID-PTSD
patients had significantly smaller hippocampal volumes bilaterally compared
to PTSD-only patients. They also noted that PTSD-only patients had a smaller
right-sided hippocampus compared to the left, but they did not observe this
pattern in DID-PTSD patients (Chalavi et al., 2015b). The authors observed
significantly smaller cornu ammonis (CA) 1, CA2-3, and CA4-dentate gyrus in
DID-PTSD patients (Chalavi et al., 2015b). The subiculum and left presubi-
culum were also noted to be significantly smaller in DID-PTSD patients
compared to HC (Chalavi et al., 2015b). Similarly, the CA4- dentate gyrus
and subiculum of DID patients were observed to be significantly smaller than
PTSD-only patients (Chalavi et al., 2015b). Chalavi et al. (2015a) noted that the
sizes of the CAl, CA2-3, CA4-dentate gyrus, subiculum, and presubiculum
correlated significantly with the severity of trauma experienced by the study
patients.

Amygdala

Vermetten et al. (2006) found the DID participants had significantly smaller
amygdala volumes bilaterally compared to HC. Chalavi et al. (2015a) observed
that the amygdala was preserved in DID patients compared to HC.
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Synthesis of results

PTSD/DID versus HC: The meta-analysis demonstrated statistically signifi-
cant differences between patients diagnosed with PTSD and DID compared to
healthy controls for both the right hippocampus (mean difference: 0.29, 95%
CI: 0.19-0.39, z = —5.70, p < .001; see Figure 2) and the left hippocampus
(mean difference: 0.25, 95% CI: 0.15-0.36, z = —4.76, p < .001; see Figure 3). No
statistically significant difference was seen in either the right amygdala (mean
difference = 0.27, 95% CI: 0.84 to —0.29, z = —0.95, p = .34) or left amygdala
(mean difference: 0.37, 95 CI: 1.06 to —0.32, z = —1.04, p = .30). In both cases,
high degrees of heterogeneity limit the conclusions that can be drawn from the
small sampling of studies (see Figure 4 and Figure 5).

PTSD/DID versus DID: Comparison of patients diagnosed with both
PTSD and DID to those diagnosed with only DID showed significant differ-
ences in the left hippocampus (mean difference: 0.20, 95% CI: 0.08 to 0.33,
z=-3.18, p <.001; see Figure 6); however, no significant differences were seen
in the right hippocampus, although a trend was observed (mean difference:
0.12, 95% CI: 0 to 0.25, z = —1.92, p = .06; see Figure 7). As indicated in the
methods section, analysis of the amygdala was not possible due to only one
study reporting data on the amygdala (Chalavi et al., 2015a).

Discussion

The current meta-analysis demonstrated that patients diagnosed with PTSD &
DID had significantly smaller bilateral hippocampi compared to healthy con-
trols. Further, patients diagnosed with DID alone had a significantly smaller
left hippocampus than patients diagnosed with PTSD & DID, a difference that
also emerged at a trend level for the right hippocampus. These findings suggest
that a smaller hippocampus is not unique to PTSD, and are consistent with
studies that have reported smaller hippocampi in DID patients (Ehling et al.,
2007; Irle et al., 2007; Reinders et al., 2018, 2019; Weniger et al., 2008). The
hippocampus is critical for memory consolidation and reconstruction. These
findings provide neuroanatomical evidence for the memory impairment often
seen in DID patients (American Psychiatric Association, 2013; Reinders et al.,
2012) and extend beyond what is reported for PTSD patients (American
Psychiatric Association, 2013; Vermetten et al., 2006; Weniger et al., 2008).
Specifically, these findings may underlie the amnesia experienced by the host
and alters specifically seen in patients with DID (Brand et al., 2016; Chalavi
et al., 2015b; Reinders et al., 2012). Indeed, amnesia for events as DID patients
alternate between host and alters is the key differential between DID and
PTSD (American Psychiatric Association, 2013; Gleaves et al, 2001;
McSweeney et al., 2016; Sar et al., 2017a). Despite these theories, the implica-
tions of the smaller hippocampi observed in DID patients remain unclear,
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Science Direct PsychOnline PubMed PsycINFO MediinePlus Cochrane

(153 Citations) (29 Citations) (17 Citations) (16 Citations) (0 Citations) (0 Citations)

l

215 Articles - Search Criteria: (Dissociative Identity Disorder OR Muitiple
Personality Disorder) AND MRI

185 Articles Excluded After
Title/Abstract Screen
Blihar et al. 2020 excluded so as to
not double report
Abstract Inclusion of MRI
wauons)
13 Dupli

6 Articles Sourced via Snowball of

References
17 Articles
(Al 6 Articles Excluded as
Duplicates)
Content Includes Details/Data on: Participants, Intervention, and Results
10 Articles Included based on second inclusion T:Attcles Bucludod After, FukiTend

7 Articles Excluded After Full-Text Review:

Reinders et al. 2018 and Reinders et al.
2019 excluded due to non-univariant data
reporting instead of volumes

Content includes Data on: Volumes of hij
amygdala

Weniger et al. 2008 excluded due to the
p of the potential i
variable: BPD in experimental group and
not controls

3 Articles Included

All 3 articles passed the USDHHS Quality and Strength Scale
criterion.

Figure 1 The PRISMA flowchart

requiring further investigation. The causal mechanisms, whether smaller hip-
pocampi lead to impairment in memory, whether impairment in memory
leads to smaller hippocampi, or whether some other factor mediates the
relationship between these two, remain unknown and require further study.
We found no evidence for a significant difference in amygdala volume
between PTSD & DID patients and normal controls and could not directly
compare DID patients to PTSD patients due to a lack of data. The results
of the comparison to normal controls are consistent with Weniger et al.
(2008) and Irle et al. (2009). Unlike the hippocampus, there is more
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Hippocampus (right)

Treatment Control Mean Diff. Weight
Study N  Mean SD N  Mean SD with 95% CI (%)
Chalavi et al. 2015a 17 2.074 .185 33 2.34 .205 —.— -0.27[ -0.38, -0.15] 73.98
Chalavi et al. 2015b 17 3.704 4 28 4.065 .353 —— -0.36[ -0.58, -0.14] 19.96
Vermetten etal. 2006 15 1.88495 .27473 23 2.24446 .76777 -0.36[ -0.77, 0.05] 6.06
Overall - -0.29 [ -0.39, -0.19]

Heterogeneity: 12 = 0.00, > = 0.00%, H? = 1.00
Test of ,=8;: Q(2) = 0.66, p = 0.72
Test of © =0:z=-5.70, p = 0.00

Random-effects DerSimonian-Laird model

Treatment = PTSD/DID; Control = Healthy Controls

Figure 2 Meta-analysis results for the hippocampus(Right) Treatment = PTSD/DID; Control =
Healthy Controls

Hippocampus (left)

Treatment Control Mean Diff. Weight
Study N  Mean SD N Mean SD with 95% CI (%)
Chalavi et al. 2015a 17 2,009 208 33 2237 .196 —— -023[-035 -0.11] 76.63
Chalavi et al. 2015b 17 87 428 28 3.951 .387 —&—— -0.25[ -0.49, -0.01] 17.83
Vermetten etal. 2006 15 1.85021 .34242 23 2.3803 .81138 -0.53[ -0.97, -0.09] 554

Overall - -0.25 [ -0.35, -0.15]
Heterogeneity: 12 = 0.00, > = 0.00%, H? = 1.00

Testof 8,=6; Q(2) =1.73,p=0.42

Testof 8 =0:z =-4.76, p = 0.00

Random-effects DerSimonian-Laird model

Figure 3 Meta-analysis results for the hippocampus (left) Treatment = PTSD/DID; Control = Healthy
Controls

Amygdala (right)

Treatment Control Mean Diff. Weight
Study N  Mean SD N  Mean SD with 95% CI (%)
Chalavi et al. 2015b 17 1.548 .205 28 1.565 184 —.— -0.02[ -0.13, 0.10] 55.53
Vermetten etal. 2006 15 1.49577 .34705 23 2.08994 .72319 —lF—— -0.59[ -0.99, -0.20] 44.47
Overall e —0-27 [ -0.84, 0.29)
Heterogeneity: 12 = 0.14, I? = 86.84%, H? =7.60
Test of 8, = 6;: Q(1) = 7.60, p = 0.01
Testof 6 =0:2=-0.95,p=0.34

4 -5 0

Random-effects DerSimonian-Laird model

Treatment = PTSD/DID; Control = Healthy Controls

Figure 4 Meta-analysis results for the amygdala (right) Treatment = PTSD/DID; Control = Healthy
Controls
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Amygdala (left)

Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Chalavi et al. 2015b 17 1.544 175 28 1584 .198 —l--0.04[-0.15, 0.07] 53.62
Vermetten etal. 2006 15 1.41618 .322 23 2.16674 .7266 ———— -0.75[ -1.14, -0.36] 46.38
Overall e E—F-37 | -1.06, 0.32]
Heterogeneity: 12 = 0.23, I2=91.41%, H2 = 11.64
Test of 8, = 8;: Q(1) = 11.64, p = 0.00
Testof 8 =0:z=-1.04, p=0.30

1 -5 0

Random-effects DerSimonian-Laird model

Figure 5 Meta-analysis results for the amygdala (left) Treatment = PTSD/DID; Control = Healthy
Controls

Hippocampus (right)

Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Chalavietal. 2015a 17 2.074 .185 16 2.166 .228 —l——-0.09[-0.23, 0.05] 78.52
Chalavietal. 2015b 17 3.704 .4 16 3.938 .391 L -0.23[-0.50, 0.04] 21.48
Overall —=a@»— -0.12[-0.25, 0.00]

Heterogeneity: 12 = 0.00, 12 = 0.00%, H? = 1.00
Testof 6, =6;: Q(1) =0.83, p=0.36
Testof 8 =0:z2=-1.92, p=0.06

Random-effects DerSimonian-Laird model

Treatment = PTSD/DID; Control = DID

Figure 6 Comparison of the right hippocampus (PTSD/DID v DID) Treatment = PTSD/DID; Control =
DID

Hippocampus (left)

Treatment Control Mean Diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Chalavietal. 2015a 17 2.009 .208 16 2.22 .202 —i— -0.21[ -0.35, -0.07] 78.71
Chalavi etal. 2015b 17 3.7 428 16 3.866 .355 = -0.17[ -0.44, 0.10] 21.29
Overall —~agi— -0.20 [ -0.33, -0.08]

Heterogeneity: 2 = 0.00, I> = 0.00%, H?> = 1.00
Testof 6,=6:Q(1) =0.08, p=0.77
Testof 8 =0:z=-3.18, p=0.00

Random-effects DerSimonian-Laird model
Figure 7 - Comparison of the left hippocampus (PTSD/DID v DID) Treatment = PTSD/DID; Control =
DID

disagreement regarding the relationship between DID and the amygdala.
Multiple studies have reported a smaller amygdala in patients with DID
compared to healthy controls (Ehling et al., 2007; Reinders et al., 2018,
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2019; Vermetten et al., 2006). Chalavi et al. (2015b), Chalavi et al. (2015a),
and Weniger et al. (2008) reported no difference in the size of the
amygdala between DID patients and healthy controls. Inconsistent report-
ing and small sample sizes potentially explain these divergent findings,
and more research is needed to determine the relationship between DID
and the amygdala.

This is the first meta-analysis of the neuroanatomy of DID. While the field
of inquiry is still in its infancy and controversy regarding the neuroanatomical
basis of DID continues, the current findings add to the evidence base for
a neuroanatomical basis of the disorder. Blihar et al. (2020) reviewed the
literature and reported a number of brain regions associated with DID.
These included an increase in white matter tracts in the motor regions in the
brainstem and right hemisphere, larger precuneus, smaller occipital cortex,
smaller insula, smaller orbitofrontal cortex, smaller cingulate cortex, smaller
inferior parietal cortex, smaller angular gyrus and supramarginal gyrus, smal-
ler hippocampus/parahippocampal/fusiform gyrus, and smaller amygdala.
The current meta-analysis has added to this review by incorporating quanti-
tative comparisons of brain regions between DID and PTSD patients and
healthy controls. While the data remain sparse, the findings point to the
hippocampus and amygdala as potentially key brain regions underlying
DID. Blihar et al. (2020) referenced the existing literature in pointing out the
loss of amygdala volume and changes in the left amygdala-hippocampal
junction and its association with depersonalization as an important finding
for the neuroanatomical basis of DID. Lack of data precluded a direct com-
parison of amygdala size between DID and PTSD patients in the current meta-
analysis, but given the existing evidence in the literature, we believe this is
a critical comparison that could provide a significant understanding of the
neuroanatomical basis of DID. Future imaging studies should be certain to
examine this brain region while carefully dividing PTSD and DID patients.

Limitations

While this meta-analysis used a rigorous search methodology, there are
limitations to the conclusions that can be drawn. The small sample of studies
for many of the outcomes of interest and the high number of papers from
a single author limit conclusive understanding of how the brain differs in
people diagnosed with DID. Several other papers have examined this question
and would have ideally been included in the analysis, but variation in meth-
odologies precluded this. While several authors reported neuroanatomic dif-
ferences based on total brain volume, differences in methods of measurement
necessitated the exclusion of those articles from this meta-analysis. Finally,
several authors reported differences; however, those studies were excluded due
to inadequate transparency in reporting to fully extrapolate data for this meta-
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analysis. It would be helpful if researchers in the field could coordinate to set
a standardized methodology for any future studies, that would enable the
inclusion of all findings in future meta-analyses. Specifically, future attempts
at meta-analysis would be improved by consistent volume reporting across
research, including units of volume or a conversion from voxels to a standard
volume measurement, and homogenous definitions of total brain.

Conclusions

The results of this meta-analysis partially support our hypothesis: patients
diagnosed with DID demonstrated smaller hippocampi, bilaterally, compared
to healthy controls and patients diagnosed with PTSD (but without comorbid
DID). This study continues to add to the literature base regarding the neuroa-
natomical basis of DID and provides further quantitative evidence that the
brains of DID patients differ from at least one other group of individuals
diagnosed with a mental illness (PTSD) as well as healthy controls. This meta-
analysis supports the potential for imaging biomarkers in DID patients. Further
research is needed to examine causal mechanisms, that is, whether DID leads to
smaller hippocampi, whether smaller hippocampi results in DID symptoms, or
some other mediating factor drives the relationship between the two.
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