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Altered thalamo–cortical and occipital–parietal–
temporal–frontal white matter connections in patients
with anorexia and bulimia nervosa: a systematic
review of diffusion tensor imaging studies
Santino Gaudio, MD; Filippo Carducci, PhD; Claudia Piervincenzi, PhD;
Gaia Olivo, MD; Helgi B. Schiöth, PhD

Background: Anorexia nervosa and bulimia nervosa are complex mental disorders, and their etiology is still not fully understood. This
paper reviews the literature on diffusion tensor imaging studies in patients with anorexia nervosa and bulimia nervosa to explore the usefulness of white matter microstructural analysis in understanding the pathophysiology of eating disorders. Methods: We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines to identify diffusion tensor imaging studies that compared
patients with an eating disorder to control groups. We searched relevant databases for studies published from database inception to
August 2018, using combinations of select keywords. We categorized white matter tracts according to their 3 main classes: projection (i.e.,
thalamo–cortical), association (i.e., occipital–parietal–temporal–frontal) and commissural (e.g., corpus callosum). Results: We included
19 papers that investigated a total of 427 participants with current or previous eating disorders and 444 controls. Overall, the studies used
different diffusion tensor imaging approaches and showed widespread white matter abnormalities in patients with eating disorders.
Despite differences among the studies, patients with anorexia nervosa showed mainly white matter microstructural abnormalities of
thalamo–cortical tracts (i.e., corona radiata, thalamic radiations) and occipital–parietal–temporal–frontal tracts (i.e., left superior longitud
inal and inferior fronto-occipital fasciculi). It was less clear whether white matter alterations persist after recovery from anorexia nervosa.
Available data on bulimia nervosa were partially similar to those for anorexia nervosa. Limitations: Study sample composition and diffusion tensor imaging analysis techniques were heterogeneous. The number of studies on bulimia nervosa was too limited to be conclusive.
Conclusion: White matter microstructure appears to be affected in anorexia nervosa, and these alterations may play a role in the pathophysiology of this eating disorder. Although we found white matter alterations in bulimia nervosa that were similar to those in anorexia nervosa, white matter changes in bulimia nervosa remain poorly investigated, and these findings were less conclusive. Further studies with
longitudinal designs and multi-approach analyses are needed to better understand the role of white matter changes in eating disorders.

Introduction
Anorexia nervosa and bulimia nervosa are complex and seri
ous mental disorders.1 They are characterized by altered eating
behaviours; intense preoccupations with weight, eating and
body shape; and specific physical signs.1 Although it is widely
accepted that the etiology of eating disorders can be multifac
torial and may comprise biological, psychological and social
factors (e.g., Kaye and colleagues,2 Zipfel and colleagues3), this
etiology is not fully understood and there are no widely
accepted and targeted treatment strategies for the different eat
ing disorders (e.g., Zipfel and colleagues,3 Frank and Kaye4).

In recent decades, the development of several neuroimag
ing tools has helped us to better understand the neurobio
logical substrates of eating disorders. Structural neuroimaging
studies on anorexia nervosa using voxel-based morphometry
have revealed that patients with acute anorexia nervosa have
global and regional grey matter decreases, global white mat
ter decreases and cerebrospinal fluid increases (for meta-
analyses, see Seitz and colleagues5 and Titova and col
leagues6). These structural alterations seem to be largely (e.g.,
Castro-Fornieles and colleagues7 and Mainz and colleagues8)
or completely (e.g., Lazaro and colleagues,9 Nickel and col
leagues10 and Bang and colleagues11) restored after recovery
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from anorexia nervosa. Furthermore, some structural studies
have investigated cortical thickness changes in patients with
anorexia nervosa, showing that cortical thinning occurred in
patients with acute anorexia nervosa and that such alterations
were fully reversible after recovery (e.g., Nickel and col
leagues,10 King and colleagues12 and Bernardoni and col
leagues13). Only a few studies have investigated structural
brain abnormalities in eating disorders other than anorexia
nervosa (for a review, see van den Eynde and colleagues14). In
particular, voxel-based morphometry studies in patients with
bulimia nervosa have indicated grey matter increases in fron
tal and ventral striatal areas.14 Increases in grey matter volume
have also been found bilaterally in the somatosensory regions,
the precuneus and the paracentral lobule in patients with
bulimia nervosa with a long duration of disease.15
On the other hand, functional neuroimaging studies have
shown alterations in response to specific tasks4,16 and at
rest.17,18 Task-related functional MRI (fMRI) studies have
mainly shown functional abnormalities in neural circuits
relating to reward, taste and executive control (for reviews,
see Kaye and colleagues2 and Frank and Kaye4) and also in
those related to body image perception and processing (for a
review, see Gaudio and Quattrocchi16). In resting-state fMRI
studies, patients with anorexia nervosa have shown func
tional abnormalities in areas and/or networks mostly impli
cated in cognitive control and visual and homeostatic inte
gration (for a review, see Gaudio and colleagues17). Few
resting-state fMRI studies have investigated patients with
bulimia nervosa, but altered functional connectivity in soma
tosensory, visual and limbic systems has been shown.18,19
In recent years, microstructural white matter changes in
eating disorders have been investigated using diffusion ten
sor imaging (DTI).20 This technique is sensitive to the random
movement of water in the cells of a target tissue, yielding
measures of the magnitude and orientation of movement.21,22
Diffusion tensor imaging allows for the investigation of sev
eral white matter parameters, including fractional anisotropy
(FA), mean diffusivity (MD), axial diffusivity (AD) and radial
diffusivity (RD). Fractional anisotropy is usually considered
to reflect better white matter integrity because of greater
intravoxel coherence of fibre orientation, axon density and
diameter and/or myelination.23,24 Mean diffusivity is con
sidered to be particularly sensitive to extracellular volume25
and inflammation.26 Axial diffusivity is usually related to
axon morphological changes27 and RD to the myelination
process.28,29 In particular, AD and RD parameters seem to
provide complementary information that can help in under
standing FA or MD changes, reflecting the diffusion parallel
with and perpendicular to the axon, respectively.30 Overall,
DTI parameter alterations can have several causes, and the
biological mechanisms underpinning white matter diffusiv
ity measures have not been entirely explained.31
Different approaches can be used to analyze DTI data, such
as region-of-interest and whole-brain analyses. Whole-brain
analyses seem to provide better comparability across studies
than region-of-interest analyses, because they appear to over
come the bias of region-placement preference and the
absence of meaningful voxels outside the selected regions.32

The most used whole-brain approaches are voxel-based
analysis (VBA; which evaluates local voxel-wise differences
across the whole brain33) and tract-based spatial statistics (TBSS;
which evaluates changes in a skeleton, comprising the centre of
the white matter tracts).34 Another approach is fibre tractog
raphy analysis, which is based on directional data from the
tensor and can provide information about the 3-dimensional
white matter connectivity of the human brain.35,36
To date, different methodological approaches have been
used in studies of eating disorders (e.g., Kaufmann and
colleagues,37 Kazlouski and colleagues38 and Pfuhl and col
leagues39), and the literature is growing rapidly.
The aim of this paper, in addition to expanding a previous
review of 6 DTI studies in anorexia nervosa,40 is to systemat
ically review DTI studies in patients with eating disorders
(i.e., anorexia nervosa and bulimia nervosa) and explore
whether this technique provides useful insights into the
pathophysiology of eating disorders and contributes to the
development of more targeted therapeutic strategies. To this
aim, we will consider the results and interpretations of differ
ent DTI studies and approaches to evaluate whether there is
consistency in the white matter tracts/brain regions affected.
Finally, we will discuss methodological implications, rele
vant themes and future considerations for the ultimate use
fulness of DTI in eating disorder research.

Methods
We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines. 41 The
guidelines consist of a checklist of recommended items to be
reported and a 4-step flow diagram (Appendix 1, available
at jpn.ca).

Search strategy and inclusion criteria
We used the following databases for the search: PubMed
(from database inception to August 2018) and Scopus (from
database inception to August 2018). We searched using the
following terms: “anorexia nervosa,” “bulimia nervosa” OR
“eating disorders” AND “diffusion tensor imaging,” “diffu
sion tensor,” “DTI” or “white matter.” We scrutinized the
reference lists of examined full-text papers for additional rel
evant publications. We also contacted expert colleagues in
the field for suggestions of further studies that were not con
sidered in our search. To be included in the review, studies
had to: (1) be written in English; (2) investigate a sample of
participants who currently had or were recovered from
anorexia nervosa or bulimia nervosa; (3) be of cross-sectional,
case–control or longitudinal design; (4) adopt measures of
diffusion imaging of brain white matter and use a wholebrain approach or investigate the major white matter tracts
(i.e., projection, association and commissural fibres). Because
of the limited number of peer-reviewed studies on eating dis
orders, we did not consider confounding factors such as sam
ple inhomogeneity (e.g., anorexia nervosa subtypes) or the
presence of psychiatric comorbidity or pharmacological his
tory, which may have limited some of the studies included.
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Because of the lack of sufficient papers using similar acquisi
tion sequences and/or methodological approaches, we were
unable to perform a meta-analysis.

Quality assessment and data abstraction
To reduce the risk of bias, we followed PRISMA recommen
dations for systematic literature analysis. Two authors (S.G.
and C.P.) independently selected paper abstracts and titles,
analyzed the full papers that met the inclusion criteria, and
resolved disagreements through consensus.
The data extracted from each study were as follows: sample
type, study design, sample size, scanning methods and selected
findings. In particular, considering that hydration state affects
brain structure (e.g., see Streitburger and colleagues42), we
extracted evaluation procedures for hydration state from DTI
studies on patients with current anorexia nervosa.43

Results
Nineteen DTI studies on participants with eating disorders
were included in the review (PRISMA flow diagram, Appen
dix 1). Overall, the studies included a total of 427 participants
with a current or past eating disorder and 444 control partici
pants. Table 1 reports the sample characteristics of each eat
ing disorder study and the evaluation procedures for hydra
tion state in studies of participants with current anorexia
nervosa. Of the 19 included studies, 16 were cross-sectional
studies (1 also included a longitudinal study) in participants
with current or past anorexia nervosa, for a total of
367 patients and 371 controls; 2 were cross-sectional studies
in participants with current bulimia nervosa, for a total of
48 patients and 49 controls; and 1 longitudinal study
included participants with a restrictive eating disorder (i.e.,
anorexia nervosa restrictive type and other specified feeding
or eating disorder [OSFED] restrictive type). Considering the
symptomatological similarities between anorexia nervosa
and OSFED restrictive type,1 we have summarized the longi
tudinal study on participants with restrictive eating disorder
in the anorexia nervosa section.
Table 2 reports scanning methods, main results and main
clinical interpretations from the 19 included studies. Investi
gated tracts were typically selected from a white matter ana
tomic atlas and mapped on either individual or group-average
FA maps. Figure 1 reports the main white matter tracts
affected in eating disorders. In the following sections, DTI
studies will be summarized based on eating disorder diagno
sis, considering white matter tracts as projection, association
and commissural fibres (e.g., see Catani and colleagues,62
Mori and colleagues63 and Wakana and colleagues64).

DTI studies in patients with anorexia nervosa
A total of 14 studies investigated patients with current
anorexia nervosa (Table 1 and Table 2). Among these, 1 study
included a longitudinal design,52 2 studies also included a sam
ple of participants who were recovered from anorexia ner
vosa,39,53 and 1 study recruited both restrictive OSFED and an
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orexia nervosa restrictive type and adopted a longitudinal
design.57 Of the 14 studies, 10 evaluated the hydration state of
participants. Seven studies adopted a TBSS analysis, 4 adopted
a voxel-based analysis and 3 adopted a tractographic ap
proach. Only 4 studies compiled samples of more than 20 pa
tients with anorexia nervosa,37,39,51,52 while 2 studies enrolled
less than 10 patients with anorexia nervosa.46,47
The DTI studies on anorexia nervosa showed widespread
alterations in the projection, association and commissural
white matter fibres, with differences in the direction of DTI
measures and laterality.
Five studies showed white matter abnormalities in the
corona radiata in patients with anorexia nervosa.44,45,51,53,57
Specifically, several studies showed lower FA values in the
anterior, superior and posterior corona radiata44,45,53,57 (Table 2).
Five studies found white matter alterations of the thalamic
radiations in patients with anorexia nervosa.45,46,51,53,57 In par
ticular, lower FA values53,57 and lower connectivity46 were
found in both the posterior and anterior thalamic radiation.
On the other hand, Vogel and colleagues51 pointed out higher
FA values in the above-mentioned white matter tracts in a
sample of 22 patients with anorexia nervosa. Lower AD val
ues were also found in the posterior thalamic radiation.45
Moreover, lower FA values (with lower AD and higher RD
values) were found in the anterior limb of the internal cap
sule,46 and higher FA51 and lower AD45 values were found in
the posterior limb of internal capsule.
On the whole, patients with anorexia nervosa showed
microstructural white matter alterations of the main white
matter tracts that connect the thalamus to the cerebral cortex
and the frontoparietal cortex to the subcortical nuclei.
Three studies pointed out white matter alterations of the
inferior fronto-occipital fasciculus (IFOF) in patients with
anorexia nervosa.38,44,46 In particular, both Kazlouski and col
leagues38 and Frank and colleagues44 found lower FA values.
Four DTI studies found superior longitudinal fasciculus
(SLF) abnormalities.44,45,50,53 Lower FA values were found in
the left SLF in patients with anorexia nervosa,45,50,53 mainly
involving the first and the second component of the tract (i.e.,
SLF I and SFL II; for details, see also Makris and colleagues65).
The FA alterations were associated with higher MD and RD50
and lower AD values,45 respectively. Higher FA and apparent
diffusion coefficient values were also found in the left and
bilateral SLF, respectively.44
Six studies showed white matter alterations of the fornix in
patients with anorexia nervosa.38,44–46,48,50 In particular, most of
the studies highlighted lower FA values. On the other hand,
Kaufmann and colleagues37 found no fornix differences
between a large sample of patients with anorexia nervosa
and controls adopting a free water elimination approach.
They used this approach, which removes partial volume
effects, considering that fornix alterations may be determined
by ventricular enlargement. Furthermore, a significant
increase in FA values in the fornix was found comparing a
large sample of patients with acute anorexia nervosa at base
line and after partial weight restoration.52
Three DTI studies showed microstructural white matter
alterations of the cingulum.38,46,44 In particular, lower FA
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Table 1: Sample characteristics of DTI studies and evaluation procedures for hydration state

Study

Participants, n

Age, yr
mean ± SD

BMI, kg/m2
mean ± SD

Eating disorder
duration, yr
mean ± SD

Evaluation of hydration status

Supervised food and fluid intake

Cross-sectional studies in participants with anorexia nervosa
Frank et al.44
Gaudio et al.45
Hayes et al.46
Hu et al.47
Kaufmann et al.37

Kazlouski et al.38
Nagahara et al.48
Travis et al.49
Via et al.50
Vogel et al.51

AN = 19

15.4 ± 1.4

16.2 ± 1.1

NR

HC = 22

14.8 ± 1.8

21.3 ± 1.9

—

AN = 14

15.7 ± 1.6

16.2 ± 1.2

0.4 ± 0.1

HC = 15

16.3 ± 1.5

21.1 ± 1.9

—

Voxel-based morphometry analysis of grey matter,
white matter and cerebrospinal fluid volumes
NR

AN = 8

35 ± 11

NR

16.25 ± 6.4

HC = 8

36 ± 9

—

—

AN = 8

17.6 ± 2.2

14.3 ± 1.3

0.9 ± 6.2

HC = 14

19.1 ± 3.1

20.1 ± 1.7

—

AN = 25

22.84 ± 4.75

13.83 ± 1.33

16.04 ± 2.63

HC = 25

23.36 ± 3.35

21.07 ± 1.93

—

At least 1 week of supervised meals and hydration
Supervised food and fluid intake; volumes of the
third and lateral ventricles as covariates; correction
for free water at the voxel level

AN = 16

23.9 ± 7

16.5 ± 1

7.5 ± 8

HC = 17

25.1 ± 4

21.5 ± 1

—

Supervised food and fluid intake; exclusion criteria:
gross electrolyte or complete blood count abnormalities
Electrolytes and complete blood count

AN = 17

23.8 ± 6.68

13.6 ± 1.3

4.93 ± 4.9

HC = 18

26.2 ± 5.6

19.9 ± 2.0

—

AN = 15

16.6 ± 1.4

16.0 ± 1.2

1.4 ± 1.0

HC = 15

17.1 ± 1.3

21.4 ± 2.1

—

AN = 19

28.37 ± 9.55

17.03 ± 1.09

6.5 ± 6.0

HC = 19

28.63 ± 8.58

21.09 ± 1.80

—

AN = 22

15.03 ± 1.60

15.36 ± 1.08

1.20 ± 1.30

ANd = 9*

14.76 ± 2.30

17.45 ± 1.43

NR

HC = 21

15.17 ± 1.28

20.34 ± 2.59

—

NR
Supervised food and fluid intake
Urine specific gravity

Cross-sectional and longitudinal studies in participants with anorexia nervosa
von Schwanenflug
et al.52

AN = 56

15.9 ± 2.9

14.7 ± 1.3

1.2 ± 1.8

ANf = 44

15.7 ± 2.3

18.7 ± 1.1

NR

HC = 60

16.2 ± 2.9

20.6 ± 2.4

—

Urine specific gravity

Cross-sectional studies in participants with current and past anorexia nervosa
Frieling et al.53

Pfuhl el al.39

AN = 12

26.84 ± 6.94

15.18 ± 1.39

NR

ANrec = 9

27.44 ± 5.32

19.31 ± 1.39

NR

HC = 20

24.80 ± 2.60

19.60 ± 0.94

—

AN = 35

16.1 ± 2.8

14.70 ± 1.31

NR

ANrec = 35

22.5 ± 3.0

21.09 ± 1.91

NR

HC v. AN = 31

16.4 ± 2.6

20.75 ± 2.98

—

HC v. ANrec = 31

22.5 ± 2.9

21.34 ± 2.18

—

NR

Urine specific gravity

Cross-sectional studies in participants recovered from anorexia nervosa
Bang et al.54
Shott et al.55
Yau et al.56

ANrec = 21

27.6 ± 5.1

20.4 ± 1.7

2.8 ± 2.3

HC = 21

26.1 ± 4.7

21.8 ± 1.8

—

ANrec = 24

30.25 ± 8.13

20.83 ± 2.37

5.90 ± 5.21

HC = 24

27.42 ± 6.28

21.64 ± 1.26

—

ANrec = 12

28.7 ± 7.9

21.2 ± 1.5

5.7 ± 5.2

HC = 10

26.7 ± 5.4

22.0 ± 1.1

—

—
—
—

Longitudinal studies in participants with restrictive eating disorders
Olivo et al.57

RED = 12

15.3 ± 1.5

18.7 ± 2.9

0.7 ± 0.46

REDf = 12

16.4 ± 1.5

21.1 ± 2.7

NR

HC = 24

14.1 ± 1.0

20.6 ± 2.6

—

NR

Cross-sectional studies in participants with bulimia nervosa
He et al.58
Mettler et al.59

BN = 28

21.32 ± 6.11

21.95 ± 2.13

5.9 ± 6.4

HC = 28

20.61 ± 6.12

22.18 ± 2.14

—

BN = 20

25.2 ± 5.3

22.59 ± 5.69

6.2 ± 5.3

HC = 21

27.5 ± 6.6

21.55 ± 1.19

—

—
—

AN = anorexia nervosa; ANd = anorexia nervosa at discharge; ANf = anorexia nervosa at follow-up; ANrec = anorexia nervosa, recovered; BN = bulimia nervosa; BMI = body mass index;
DTI = diffusion tensor imaging; HC = healthy control; NR = not reported; RED = restrictive eating disorder; rEDf = restrictive eating disorder at follow-up; SD = standard deviation.
*An exploratory longitudinal study was also conducted.
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No. of
directions
Tool
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3 T/
SENSE, EP

3 T/
SS, EP

Hu et al.47

Kaufmann et
al.37

3 T/
DSE, EP

1.5 T/
SE, EP

Gaudio et al.45

Hayes et al.46

3 T/
NR

Frank et al.44

64

25

60

12

25

FDT†

DTI Studio,
SPM 8, inhouse made

FDT,
3D slicer

FDT

NordicICE

Cross-sectional studies in participants with anorexia nervosa

Study

Field
strength/
sequence

TBSS

VBA,
ROI (based on
group
comparison
results)

eXtended
streamline
tractography,
ROI (subcallosal
cingulate),
ROI (fornix crus,
PTR/SLF, CC
splenium, ALIC,
anterior CG,
IFOF, posterior
CG, CC genu)

TBSS

VBA

Type of
analysis

Methods

FA (ROI)

FA

Fibre
connections,
FA, AD, RD

FA, MD, AD,
RD

FA,
ADC

DTI
measures

Juelich Histological
Atlas

—

DTI-81 atlas

JHU white matter
labels

Hutchins

Atlas

ROI-based approach: fornix. No FA
values differences between anorexia
nervosa patients and controls after
correction for free water.

VBA: significant decrease in FA
maps in the left superior frontal
gyrus, medial frontal gyrus, anterior
cingulate cortex, middle frontal
gyrus, inferior frontal gyrus,
thalamus and bilateral insula.
ROI: significantly positive
correlations between the mean FA
value of the left inferior frontal gyrus,
insula and thalamus and BMI in
patients with anorexia nervosa.

Higher connectivity from the
subcallosal cingulate white matter in
the prefrontal and left parietooccipital cortices, and lower
connectivity in the thalamus
identified by deterministic multitensor
tractography. Lower FA values,
associated with lower AD and higher
RD, were found within the anterior
limb of the internal capsule, right
anterior CG, and left fornix crus and
IFOF. Higher RD values were found
in the anterior limb of the internal
capsule and IFOF.

Lower FA values in left anterior and
superior CR, left SLF, fornix and
body of the CC. Lower AD values in
the left and right SLF, left superior
and anterior CR, and the external
capsule, posterior limb of internal
capsule and posterior thalamic
radiation (including optic radiation) of
the right hemisphere.

Lower FA values in left fornix,
bilateral CG, right forceps major,
right superior and left posterior CR.
Higher FA values in left SLF, bilateral
anterior CR and bilateral IFOF.
Higher ADC values in left fornix, right
CC, right corticospinal tract, right
posterior CR, bilateral corticopontine
tract and bilateral SLF.

Main results

Table 2: Scanning methods, main results and main clinical interpretation from DTI studies in patients with eating disorders (part 1 of 5)

FA values alterations of forniceal
fibres seem significantly biased by
partial volume effects in anorexia
nervosa.

White matter alterations may be
involved in pathophysiology of
anorexia nervosa.

White matter tract alterations may
be related to altered processing of
affective stimuli, self-perception
and interoception in anorexia
nervosa.

White matter alterations may be
related to altered cognitive
flexibility and body-image
disturbances.

Altered white matter integrity may
be related to impaired taste,
reward and emotional processing.

Main clinical interpretation

Gaudio et al.

J Psychiatry Neurosci 2019;44(5)
30

25

96

32

25

No. of
directions

FDT

FDT

mrDiffusion

FDT

DTI Studio

Tool

TBSS,
ROI (based on
group
comparison
results)

TBSS

AFQ

TBSS

VBA,
ROI (based on
group
comparison
results)

Type of
analysis

von
Schwanenflug
et al.52

3 T/
NR

32

FDT

TBSS

Cross-sectional and longitudinal studies in participants with anorexia nervosa

3 T/
DSE, EPI

Vogel et al.51†

3 T/
DSE, EP

Travis et al.49

1.5 T/
SS, SE, EP

3 T/
SS, SE, EP

Nagahara et
al.48

Via et al.50

3 T/
NR

Kazlouski et
al.38

Study

Field
strength/
sequence

Methods

FA, MD, AD,
RD

FA, MD, RD,
AD

FA, MD, RD,*
AD*

FA*
R1*

FA, MD

FA, ADC

DTI
measures

Juelich Histological
Atlas

—

Mori (2007)

—

Johns Hopkins
University

Mori (2005)

Atlas

Baseline: Lower FA and higher MD,
AD and RD values in the body of
CC.
Longitudinal: No differences between
follow-up patients and controls.
Higher FA and lower AD, MD and
RD v. baseline in the fornix, bilateral
optic radiation and CC. Reduced FA
and increased MD and RD v.
baseline in right corticospinal tract.

Higher FA values in the bilateral
superior CR, anterior CC, anterior
and posterior thalamic radiation,
anterior and posterior limb of internal
capsule, and left inferior longitudinal
fasciculus. Altered FA values were
mainly related to lower RD and MD
values but not to altered AD values.
Exploratory longitudinal study
showed similar results with a greatly
reduced level of significance.

Lower FA values in the parietal part
of the left SLF, associated with
higher MD and RD values. Higher
MD values in the fornix associated
with lower FA and higher RD and
AD values.

Lower and higher FA values in
6 tracts (18 examined) and
1 subdivision of the CC (8
examined). Lower R1 in 6 cerebral
tracts (18 examined) and 5
subdivisions of the CC (8 examined).

Lower FA values in cerebellum.
Higher MD values in fornix.

Lower FA values in bilateral fimbriafornix region, fronto-occipital
fasciculus and posterior CG.
Higher ADC values in frontoparietal
and parietal–occipital white matter
(with uncorrected threshold).

Main results

Table 2: Scanning methods, main results and main clinical interpretation from DTI studies in patients with eating disorders (part 2 of 5)

Main clinical interpretation

Altered microstructural properties
in people with anorexia nervosa
normalized rapidly during
nutritional therapy. These
findings underline that structural
brain alterations associated with
the disorder are highly dynamic
and more likely to represent
consequences of starvation
state than pre-existing or white
matter degeneration.

Altered FA values could be
related to an acute state of
anorexia nervosa.

Altered white matter integrity may
be related to body image
distortion, altered weight
regulation and reward-processing
alterations.

White matter changes seem to be
related to changes in
myelin content.

Fornix and cebebellum white
matter alterations may be related
to the pathophysiology of
anorexia nervosa.

Altered white matter integrity in
brain areas that integrate emotion,
reward and cognitive behaviours
may be related to pathophysiology
of anorexia nervosa.
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330

No. of
directions
Tool

Type of
analysis
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3 T/
SE

3 T/
SS, SE, EP

30

15

TRACULA

Native

Bang et al.54

3 T/
SS, EP

32

FDT

VBA

Tractography,
cluster analysis

TBSS,
voxel-wise
correlation

Cross-sectional studies in participants recovered from anorexia nervosa

Pfuhl el al.39

Frieling et al.53

Cross-sectional studies in participants with current and past anorexia nervosa

Study

Field
strength/
sequence

Methods

FA, MD, AD,
RD

FA, MD, RD,
AD

FA

DTI
measures

—

—

Talairach Daemon

Atlas

No significant differences between
patients with anorexia nervosa and
controls in white matter
microstructure (FA, MD, RD and AD
values).

Tractography: No differences in FA,
MD, RD and AD between the acute
anorexia nervosa subjects and
controls. Supplementary cluster
analysis: no significant differences.
No significant differences in both the
main and supplementary cluster
analyses between people recovered
from anorexia nervosa and controls.

Lower FA values in the posterior
thalamic radiation bilaterally and the
left mediodorsal thalamus in patients
with anorexia nervosa compared with
controls. Additional regional lower
FA values in parts of the posterior
CR bilaterally, the left middle
cerebellar peduncle, and in parts of
the left SLF. A volume-of-interestbased post hoc analysis of these
regions (posterior thalamic radiation
bilaterally and the left mediodorsal
thalamus) showed no significant
differences between patients with
acute anorexia nervosa and patients
recovered from anorexia nervosa.

Main results

Table 2: Scanning methods, main results and main clinical interpretation from DTI studies in patients with eating disorders (part 3 of 5)

White matter alterations observed
during the acute phase of
anorexia nervosa are reversible in
long-term recovered patients.

White matter microstructure is
preserved in patients with acute
anorexia nervosa and patients
recovered from anorexia nervosa.

FA value alterations may
contribute to altered processing of
the body image and impairments
in cognitive domains.

Main clinical interpretation

Gaudio et al.
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3 T/
SS, EP

3 T/
NR

55

25

No. of
directions

FDT

FDT

Tool

Olivo et al.57

3 T/
EP

48

FDT

Longitudinal studies in participants with restrictive eating disorders

Yau et al.56

Shott et al.55

Study

Field
strength/
sequence

TBSS

TBSS

Probabilistic
tractography,
ROI (tastereward circuit),
TBSS

Type of
analysis

Methods

FA, MD, AD,
RD

FA, MD, AD,*
RD*

Fibre
connections,
FA

DTI
measures

ICBM-DTI-81 white
matter labels

—

Mori (2005)

Atlas

Analysis at baseline: Lower FA
values in the CC (genu, body and
splenium), anterior and superior CR
bilaterally, right posterior CR,
posterior thalamic radiation and right
tapetum. Higher RD values in the
aforementioned tracts.
Longitudinal analysis: no differences
between follow-up patients and
baseline controls, or between
baseline and follow-up patients.

Lower MD values in 6 clusters
encompassing parietal, CG and
frontal white matter tracts. Lower LD
and/or RD in these regions.
No FA values alterations between
patients recovered from anorexia
nervosa and controls.

Seed-based approach: taste-rewardrelated white matter tracts. Higher
white matter connectivity between
bilateral insula regions and ventral
striatum, left insula and middle
orbitofrontal cortex, and right insula
projecting to gyrus rectus and medial
orbitofrontal cortex.
Seed-based FA analysis: Lower FA
values in some tracts between insula
subregions and ventral striatum and
orbitofrontal cortex regions.
Whole-brain FA analysis: lower FA
values in the anterior CR, external
capsule and cerebellum including the
corticopontine tract, CC, anterior
thalamic radiation, inferior and
middle cerebellar peduncle, as well
as inferior fronto-occipital and
uncinate fasciculi.

Main results

Table 2: Scanning methods, main results and main clinical interpretation from DTI studies in patients with eating disorders (part 4 of 5)

Main clinical interpretation

White matter alterations may have
a role in the alteration in foodrelated cognitive processing
present in adolescents with
restrictive eating disorders.

Lower MD values may be related
to premorbid behavioural traits
(harm avoidance and heightened
concern for mistakes) through an
exaggerated cognitive control.

White matter alterations suggest
altered connectivity within tastereward pathways and may impair
reward circuit functions that drives
food intake.
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AD = axial diffusivity; ADC = apparent diffusion coefficient; AFQ = automated fibre quantification; ALIC = anterior limb of internal capsule; BMI = body mass index; CC = corpus callosum; CG = cingulum; CR = corona radiata; DSE =
double psin echo; DTI = diffusion tensor imaging; EP = echo planar; EPI = echo-planar imaging; FA = fractional anisotropy; IFOF = inferior fronto-occipital fasciculus; LD = longitudinal diffusivity; MD = mean diffusivity; NR = not reported;
PTR/SLF = junction of the posterior thalamic radiation/superior longitudinal fasciculus; R1 = relaxation rate; RD = radial diffusivity; ROI = region of interest; SE = spin echo; SENSE = sensitivity encoding; SLF = superior longitudinal
fasciculus; SS = single-shot; TBSS = tract-based spatial statistics; VBA = voxel-based analysis.
*Investigated in regions that showed group differences in fractional anisotropy or mean diffusivity.
†An exploratory longitudinal study was also conducted.

Bulimia nervosa is associated with
white matter alterations that may
contribute to altered trait anxiety,
mood disturbance and altered
reward processing.
Lower FA values in the bilateral CR,
CC, right subinsula, and right fornix.
Higher ADC values in the bilateral
CR, CC, inferior fronto-occipital and
uncinate fasciculi.
Hutchins and Atlas
of Brain Function
Orrison
VBA
NordicICE
25
3 T/
NR
Mettler et al.59

TBSS
FDT
25
3 T/
SS, SE, EP
He et al.58

FA, ADC

A priori hypothesis analysis: lower FA
values in the forceps minor and major,
SLF, IFOF, anterior thalamic radiation,
corticospinal tract, uncinate fasciculus
and CG in both hemispheres.
Exploratory analysis (RD): Higher
RD values in many of the same
tracts: forceps minor and major, left
SLF, IFOF, anterior thalamic
radiation, corticospinal tract and CG.
Johns Hopkins
University
FA, MD, AD,
RD

Main results
Atlas
Study

Cross-sectional studies in participants with bulimia nervosa

No. of
directions

Tool

Type of
analysis

DTI
measures
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Field
strength/
sequence

Methods

Table 2: Scanning methods, main results and main clinical interpretation from DTI studies in patients with eating disorders (part 5 of 5)

Main clinical interpretation

These results suggest that white
matter is affected in bulimia
nervosa. Altered white matter
tracts may have a role in the
persistence of impaired selfregulation in bulimia nervosa.

Gaudio et al.

 alues were found in the posterior,38 right anterior46 and
v
bilateral44 cingulum.
In summary, the main association white matter tracts
may be specifically affected in patients with anorexia ner
vosa and be related to altered occipital–parietal–temporal–
frontal connections. Of note, although the fornix seems to
be affected in anorexia nervosa, no abnormalities of the
fornix were found using a new statistical approach.37
Regarding commissural fibres, 5 studies pointed out
corpus callosum alterations, with differences in localiza
tions and white matter change directions in patients with
anorexia nervosa.44,45,49,51,52 These studies pointed out both
lower45,49,52 and higher FA values.51 In particular, a recent
study showed FA decreases in the body of the corpus cal
losum comparing a large anorexia nervosa sample with
controls.52 At the same time, these authors, adopting a
longitudinal design, found no FA differences between
the anorexia nervosa sample and controls after partial
weight restoration.52 Higher AD values and lower T1 re
laxometry (R1) values were also found.44,49
Regarding the cerebellum, altered FA values of different
cerebellar white matter tracts were also found.48,53
Finally, Hu and colleagues47 demonstrated a significant
FA decrease in patients with anorexia nervosa in several
cortical regions. However, because the authors mainly
localized their results at the level of the grey matter, their
approach limited comparison of their findings with the
other DTI studies in patients with anorexia nervosa.
DTI studies in patients recovered from anorexia nervosa
Three DTI studies recruited participants who were recov
ered from anorexia nervosa and used a TBSS analysis
(1 also adopted a tractographic approach; Table 1 and
Table 2).54–56 Two additional studies39,53 recruited a sample
of patients with current anorexia nervosa (reported above)
and participants who were recovered from anorexia ner
vosa; this study used tractography. One additional longi
tudinal study57 assessed a sample of patients with restric
tive eating disorder using a TBSS approach (in this section
the results of the follow-up stage are reported). Three of
the studies investigated samples larger than 20 patients
recovered from anorexia nervosa.39,54,55
Two studies showed no white matter differences
between patients who were recovered from anorexia ner
vosa and controls using TBSS54 and tractography.39 Olivo
and colleagues57 reported no white matter differences at
follow-up assessment between patients with restrictive
eating disorder (restrictive OSFED and anorexia nervosa
restrictive type) and controls. On the other hand, 2 studies
found white matter alterations in participants who were
recovered from anorexia nervosa using a TBSS approach56
and an integrated approach comprising tractography and
TBSS analysis.55 In particular, Yau and colleagues56 showed
mainly lower MD values in some thalamo–cortical (i.e.,
posterior and superior corona radiata and posterior limb
of internal capsule) and parietal–frontal (i.e., SLF and cin
gulum) tracts. Shott and colleagues 55 showed mainly
higher white matter fibre connectivity between the insula
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Projection fibres

Association fibres

Fornix

Anterior and superior corona radiata/
internal capsule

Superior longitudinal fasciculus

Ventricular system

Posterior corona radiata/
posterior thalamic radiation

Inferior fronto-occipital fasciculus

Fornix

Fig. 1: Main white matter tracts affected in eating disoders. This figure represents white matter tracts mainly altered in anorexia nervosa and
bulimia nervosa studies on a representative subject (tractographic reconstruction). See Table 2 for specific details of tract alterations. Threedimensional fibre tractography was performed using the diffusion tensor imaging track module provided in MedINRIA software (ASCLEPIOS
Research Team, Sophia Antipolis Cedex, v 1.9.0 France, www-sop.inria.fr/asclepios). For more details on white matter fibre reconstruction,
see Wakana and colleagues,36 Mori and colleagues60 and Nagae and colleagues.61

and some brain regions using a tractographic approach, and
lower FA values in some projection fibres (i.e., anterior
corona radiata and thalamic radiations) and association fibres
(i.e., inferior fronto-occipital and uncinate fasciculi) using
TBSS analysis.
Interestingly, the DTI studies on patients who were recov
ered from anorexia nervosa included people who were re
covered for at least 1 year.39,54–56 In particular, the participants
recruited by Yau and colleagues56 and Shott and colleagues55
had a longer anorexia nervosa duration compared with those
in the other 2 studies.39,54
In summary, it is still unclear whether white matter altera
tions are fully reversible after recovery from anorexia ner
vosa, particularly in people who are recovered from longlasting anorexia nervosa.

DTI studies in bulimia nervosa
Two studies investigated patients with bulimia nervosa and
enrolled 20 or more patients58,59 (Table 1 and Table 2). One
study adopted a VBA approach,59 and 1 study used TBSS
analysis.58 Details of the DTI measures assessed in the studies
are reported in Table 2.
These studies showed several white matter alterations in
projection, association and commisural tracts.58,59 In particu
lar, both studies highlighted that patients with bulimia ner
vosa had lower FA values in the inferior fronto-occipital and
uncinate fasciculi. White matter alterations of the corona
radiata, corpus callosum, forceps minor and major, SLF and
cingulum were also found.
In summary, white matter microstructure seems to be spe
cifically affected in bulimia nervosa. However, it remains
poorly explored.

Discussion
To the best of our knowledge, this is the first systematic review
on DTI studies in eating disorders (anorexia nervosa and buli
mia nervosa). Our aim was to systematically review the DTI
studies, emphasizing the rapidly growing literature in the field
since the first systematic review of 6 DTI studies in people with
anorexia nervosa.40 This systematic review included 19 papers
that used DTI in patients with current or past eating disorders.
The majority of the studies were conducted in participants with
current or past anorexia nervosa (n = 16). One study was car
ried out in a sample of patients with anorexia nervosa restric
tive type and restrictive OSFED;57 we have discussed this study
in the context of the anorexia nervosa studies. Few studies have
been conducted in patients with bulimia nervosa (n = 2).58,59
Overall, the reviewed studies used different types of DTI analy
sis (i.e., VBA, TBSS, tractography) and different white matter
atlases (Table 2). We will discuss the DTI results dividing the
white matter tracts into projection, association and commis
sural fibres, plus the cerebellum white matter tracts (for details,
see Catani and colleagues,62 Mori and colleagues,63 Wakana and
colleagues64 and Makris and colleagues65).

Main DTI findings
The DTI studies on anorexia nervosa showed multiple white
matter alterations with relatively consistent overlap in the
altered white matter tracts in patients with current anorexia
nervosa (Table 2 and Fig. 1). Furthermore, although DTI find
ings were characterized mainly by lower FA values, white
matter abnormalities were only partially consistent when
considering the direction of DTI measures (i.e., lower values
or higher values) and laterality.
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Overall, the included studies on anorexia nervosa showed
altered thalamo–cortical white matter connections (i.e.,
c orona radiata, thalamic radiations and internal cap
sule)44,45,51,53,57 and occipital–parietal–temporal–frontal white
matter connections (i.e., IFOF, SLF and cingulum).44–46,50,53
They also found alterations of interhemispheric connections
(i.e., corpus callosum)44,45,49,51,52 and cerebellar connections,48,53
with differences in the localization of white matter abnormal
ities and the direction of DTI measures. In particular, a recent
study with a large anorexia nervosa sample and a longitud
inal design showed a rapid normalization of the FA altera
tions in the corpus callosum after partial weight restoration.52
Although several studies have showed fornix alterations in
patients with acute anorexia nervosa,44–46,48,50 a more recent
analytical approach has suggested that such alterations might
be mainly related to ventricular enlargement.37
The majority of the included studies showed lower FA val
ues in patients with anorexia nervosa than in controls
(Table 2). However, some studies also showed higher FA val
ues.44,51 The other DTI measures (MD, AD and RD) have been
less explored and showed partially consistent results (for
details on DTI measures, see the introduction). In particular,
as expected, MD, AD and RD changes seem to be mainly
coupled with FA alterations.
Considering the typical symptomatology of anorexia ner
vosa (i.e., weight loss, malnourishment, starvation etc.), a
number of processes (e.g., neuronal–glial remodelling,
altered hydration state) may contribute to white matter alter
ations in patients.12 In addition, considering that DTI findings
are particularly sensitive to macroscopic head motion,66 this
possible confounding factor could have led to spurious
group differences.66 However, DTI findings in the current re
view showed altered thalamo–cortical and occipital–parietal–
temporal–frontal white matter alterations in particular, sug
gesting a specific vulnerability of these white matter tracts in
anorexia nervosa and that they could be involved in the
pathophysiology of anorexia nervosa.
Discrepancies among the studies in patients with anorexia
nervosa may have been primarily due to differences in sam
ple composition (e.g., age, age range, duration of eating dis
order, eating disorder severity, etc.).43,67 White matter abnor
malities and directions of DTI measures may change during
the course of anorexia nervosa in relation to the duration of
disease/long-lasting underweight and to developmental fac
tors and resilience processes.44,45,49,51 In this context, it is useful
to remember that FA values can be altered for a variety of
reasons, and the biological meaning of white matter diffusiv
ity measures is not entirely clear.31 Furthermore, the re
viewed studies used different approaches to DTI analyses
(i.e., VBA, TBSS, tractography) and different acquisition
sequences and processing pipelines. Therefore, the differ
ences among the anorexia nervosa studies may also be re
lated to different analysis techniques and methodological
approaches.43 Interestingly, Pfuhl and colleagues39 found no
white matter differences between patients with anorexia ner
vosa and controls when adopting a global probabilistic trac
tographic approach, suggesting that different DTI analyses
may or may not detect subtle or more localized white matter
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alterations.52 In addition, considering that some studies did
not take into account the hydration state (dehydration/
hyperhydration) of patients with anorexia nervosa, this possible
confounding factor42 may have contributed to the differences
among study results. These last limitations and methodological
points will be discussed in depth in Methodological Implica
tions and Limitations of the Current Literature, below.
Few studies have been conducted in participants who have
recovered from anorexia nervosa, but those that have showed
white matter abnormalities that were partially consistent with
those found in patients with current anorexia nervosa, mainly
involving thalamo–cortical connections (i.e., corona radiata,
thalamic radiations and internal capsule) and occipital–
parietal–temporal–frontal connections (i.e., superior longitud
inal, inferior fronto-occipital and uncinate fasciculi and cingu
lum).55,56 Interestingly, the 2 studies reported lower MD56 and
lower FA values,55 respectively. These differences in DTI meas
ure directions are still to be explored. On the other hand, other
studies have shown no differences in white matter diffusivity
between participants who have recovered from anorexia ner
vosa and controls.39,54,57 It is still unclear whether white matter
alterations persist after recovery from anorexia nervosa. Inter
estingly, the participants recruited by Yau and colleagues56
and Shott and colleagues55 had a longer duration of anorexia
nervosa than participants in other studies.39,54 The difference in
disease duration and the use of different DTI approaches
could explain the discrepancies among these studies. Further
research is needed to better clarify whether white matter alter
ations are fully reversible after recovery from anorexia nervosa
and, in particular, in people who have recovered from longlasting anorexia nervosa.
To date, only 2 studies have investigated patients with
bulimia nervosa, and they showed widespread microstruc
tural white matter alterations, but findings were only partially
consistent between them.58,59 In particular, both studies found
lower FA values in the inferior fronto-occipital and uncinate
fasciculi. Altered white matter microstructure was also found
in other projection (e.g., corona radiata, anterior thalamic radi
ation), association (e.g., SLF, cingulum) and commissural (e.g.,
forceps major and minor and corpus callosum) fibres.
White matter microstructural changes remain poorly
explored in bulimia nervosa; further studies are warranted to
better clarify white matter alterations and their possible role
in this disease.

Altered white matter connections in eating disorders: clinical
implications
Altered white matter connections in anorexia nervosa
The current DTI literature shows that white matter micro
structure can be specifically affected in the acute stage of
anorexia nervosa and may play a role in the pathophysiology
of anorexia nervosa. Nonetheless, we cannot exclude the pos
sibility that peculiar anorexia nervosa symptoms (e.g., starva
tion, weight loss, brain atrophy and altered hydration state)
may be involved in white matter changes (e.g., fornix altera
tions37). Moreover, it is still unclear whether white matter
alterations persist after recovery from anorexia nervosa.39,55
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Despite discrepancies in the specific DTI measures
involved and their directionality, several DTI studies found
altered thalamo–cortical connections in patients with an
orexia nervosa, characterized mainly by microstructural
white matter alterations of the corona radiata, thalamic radia
tions and internal capsule.44–46,51,53,57 Moreover, abnormalities
of the corona radiata and the thalamic radiations were also
found in participants recovered from anorexia nervosa. 55
These white matter tracts mainly connect the thalamus to the
cerebral cortex and vice versa, and their tissue boundaries are
not completely defined (see Catani and colleagues62 and Mori
and colleagues63). They are involved in several functions and
have been also considered as a neuroanatomical backbone of
motor and perceptual functions and cognitive processes (e.g.,
Catani and colleagues62). In particular, corona radiata lesions
appear to have a role in central taste disorders.68 Further
more, the anterior corona radiata seems mainly to connect
the anterior cingulate cortex to other structures69 and seems
to be involved in executive control functions, the resolution
of conflicting stimuli that affect decision making, and selfregulation.69–71 Considering this evidence, it has been sug
gested that white matter alterations in the anterior corona
radiata could play a role in altered state processing and cog
nitive impairment in anorexia nervosa.44,45,55,57 On the other
hand, the posterior thalamic radiation, which is included in
the posterior corona radiata,63 connects the posterior part of
the thalamus to the occipital, parietal and temporal cortices
and also includes the optic radiation.63 It has been suggested
that posterior thalamic radiation injuries are related to senso
rimotor function deficits,72 including touch and propriocep
tion alterations. As well, parietal and occipital areas are
involved in body-image perception (e.g., Peelen and Downing73)
and identification of one’s own body.74 As a result, it has been
hypothesized that white matter alterations in the posterior
thalamic radiation may play a role in body-image distur
bances in anorexia nervosa.53 Frieling and colleagues,53 con
sidering that functional alterations in visual and prefrontal
cortices occurred in response to food images,75 also hypothe
sized that alterations in the posterior thalamic radiation may
be related to cognitive biases toward food.17
In summary, thalamo–cortical fibres may be specifically af
fected in anorexia nervosa, and these white matter alterations
may be involved in the pathophysiology of anorexia nervosa.
Several DTI studies also found white matter alterations in
the association fibres (which connect the occipital, parietal,
temporal and frontal areas) in people with anorexia nervosa.
The main association fibres involved were the superior longi
tudinal and inferior fronto-occipital fasciculi, the cingulum
and the fornix. Some DTI studies found alterations in the left
SLF, mainly affecting the first (SLF I) and second (SLF II) sub
components.44,45,50,53 The SLF connects the parietal, occipital
and temporal lobes with the frontal cortex and vice versa.63,65,76
In particular, the SLF I primarily connects the superior pari
etal areas (e.g., the precuneus and superior parietal lobe) to
the superior frontal cortex and the dorsal prefrontal areas.65
The SLF II mainly connects the posterior-inferior parietal cor
tex (i.e., the angular gyrus) and the superior temporal lobe to
the lateral prefrontal cortex.65 The parietal cortex is involved

in several functions, such as proprioception, spatial orienta
tion and integration of visual information, and it seems to
play a role in own-body perception (e.g., Peelen and Downing73
and Hodzic and colleagues74) and in body-schema representa
tions (e.g., Schwoebel and Coslett77). In particular, a network
including the superior parietal regions (e.g., the precuneus)
and prefrontal cortex seems to be involved in the manipula
tion of mental images and the mental representation of the
self.73 It has also been shown that the left hemisphere plays a
key role in self-recognition.78 Considering these findings, it
has been suggested that the white matter alterations of the left
SLF could be involved in body-image disturbances in
anorexia nervosa.45,50 In line with this interpretation, eventrelated fMRI studies in patients with anorexia nervosa have
suggested that the superior parietal areas and the prefrontal
cortex are related to the perceptive and affective component
of body image distortion, respectively.16
Some DTI studies showed alterations of the IFOF in patients
with anorexia nervosa.38,44,46 The IFOF primarily connects the
frontal lobe to the occipital, posterior parietal and temporal
lobe (e.g., Catani and colleagues,62 Mori and colleagues63 and
Martino and colleagues79). In the frontal lobe, this association
tract merges with the frontal projection of the uncinate fascicu
lus (e.g., Catani and colleagues62 and Mori and colleagues63).
Although the role of the IFOF is still poorly understood (e.g.,
Martino and colleagues79), it seems to be involved in several
functions such as visual and semantic processing.62,79 In par
ticular, considering that the IFOF connects brain areas related
to body perception (e.g., the fusiform gyrus and posterior pari
etal regions; e.g., Peelen and Downing73), IFOF abnormalities
might play a role in altered body perception in anorexia ner
vosa.38,44,46 Interestingly, the IFOF appears to connect visual
and emotion-related areas and could be involved in impair
ments of emotional recognition.80
On the whole, the main occipital–parietal–temporal–frontal
tracts (i.e., the left SLF and IFOF) seem to be specifically
affected in anorexia nervosa and could play a role in its patho
physiology.
Regarding the other association fibres, cingulum abnor
malities were found in its posterior38 and anterior parts.46,44
The cingulum contains fibres of different lengths and mainly
connects frontal regions with the temporal lobe and hippo
campus.62,63 It belongs to the limbic system and seems to be
mainly involved in emotional and cognitive processing (e.g.,
Catani and colleagues62). Although white matter alteration of
the cingulum is not consistent in regard to its specific part
(i.e., posterior or anterior),44 white matter alterations may be
related to altered emotional and cognitive processes in an
orexia nervosa.38,46 In addition, cingulum alterations were
found in both structural (e.g., voxel-based morphometry)7,81,82
and functional (i.e., resting-state)83,84 neuroimaging studies in
patients with anorexia nervosa, leading to consideration of a
possible role for the cingulum in the pathophysiology of
anorexia nervosa. Further studies are needed to elucidate the
role of this association tract in anorexia nervosa.
Several DTI studies showed alterations of the fornix in
patients with anorexia nervosa.44–46,48,50 It mainly connects the
hypothalamus and mammillary bodies to the medial temporal
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lobe (e.g., Catani and colleagues62). The fornix is part of the
limbic system and seems to be involved in emotion processing
by frontal brain areas85 and memory function.62 Interestingly,
lesions of the fornix in rodents seem to lead to altered reward
processing,86 altered feeding and drinking patterns,87 and re
sistance to behaviour extinction.88 Considering these findings,
a possible role for the fornix in long-lasting food refusal/
restriction and altered food reward processing in patients with
anorexia nervosa has been suggested.38,44 Nevertheless, a more
recent DTI study showed that fornix alterations may be due
primarily to ventricular enlargement.37 Further studies are
needed to better understand the role of the fornix in anorexia
nervosa, taking into account partial volume effects.37
Regarding the commissural fibres, some DTI studies in pa
tients with anorexia nervosa found alterations of different
portions of the corpus callosum.44,45,49,51,57 The corpus callosum
connects left and right cerebral hemispheres and is divided
into an anterior portion (genu), a central portion (body) and a
posterior portion (splenium and tapetum) based on its ana
tomic connections (e.g., Catani and colleagues62). The anterior
portion connects the orbitofrontal and prefrontal regions; the
central portion connects precentral frontal regions and pari
etal lobes; and the posterior portion connects the occipital
lobes (splenium) and temporal lobes (tapetum). The corpus
callosum, which connects the 2 hemispheres, is involved in
motor, perceptual and cognitive functions (e.g., Catani and
colleagues62). Although there are differences among the
studies concerning the alterations in the different portions of
the corpus callosum, the results seem to suggest that altered
interhemispheric connections may be present in anorexia ner
vosa. Interestingly, altered interhemispheric functional con
nectivity at rest was found in patients with anorexia ner
vosa.89 Further studies are needed to better understand the
possible role of the corpus callosum and interhemispheric
connections in the pathophysiology of anorexia nervosa.
Finally, 2 studies showed white matter abnormalities of the
left cerebellum in patients with anorexia nervosa. 48,53
Reduced FA values were also found in the middle cerebellar
peduncle in adult women who were recovered from anorexia
nervosa.55 In particular, Nagahara and colleagues48 showed
white matter abnormalities of the lateral zone of the cerebel
lum48 and, considering the connections between the dentate
nucleus and specific hypothalamic nuclei,90 suggested that
the cerebellar white matter alterations might be mainly in
volved in altered food intake behaviour in anorexia nervosa.
Interestingly, cerebellar volume decrease has been found in
participants with current and past anorexia nervosa.81,91 Fur
thermore, altered resting-state functional connectivity was
found in the cerebellum of patients with anorexia nervosa.92
Although these findings seem to suggest a possible involve
ment of the cerebellar white matter tracts in anorexia ner
vosa, further studies are needed to better understand their
role in the pathophysiology of anorexia nervosa.
Altered white matter connections in bulimia nervosa
To date, only 2 DTI studies have explored white matter
changes in patients with bulimia nervosa.58,59 These 2 studies
showed that multiple white matter tracts are affected in
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bulimia nervosa. The thalamo–cortical (e.g., corona radiata)
and occipital–parietal–temporal–frontal (e.g., IFOF and cin
gulum) regions seem to be particularly involved, although
with some discrepancies between studies (Table 2). In partic
ular, the 2 studies found abnormalities in the IFOF and un
cinate fasciculi.58,59 Considering that the IFOF connects the
occipital–parietal–temporal areas to frontal areas, it has been
suggested that these alterations may sustain altered process
ing of body image in bulimia nervosa.58 On the other hand, it
has been suggested that alterations in the corona radiata and
cingulum may be related to altered reward and taste process
ing in b
 ulimia nervosa.58,59 Although the studies in patients
with b
 ulimia nervosa are few, their findings seem to be par
tially consistent with the studies in patients with anorexia
nervosa and lead to preliminary suggestions that both
thalamo–cortical and occipital–parietal–temporal–frontal
connections may play a role in both anorexia nervosa and bu
limia nervosa. However, further studies are needed to better
understand the role of white matter alterations in the patho
physiology of bulimia nervosa.

Methodological implications and limitations of the current
literature
Several factors should be taken into consideration when at
tempting a DTI study in eating disorders. First, several studies
have reported evidence for continuing maturation of the
white matter from childhood into adulthood,39,55,93 and the val
ues for the DTI parameters may vary with age.94 Therefore,
discrepancies among DTI studies in eating disorders may be
related to the age and age range of the sample enrolled. The
duration of the eating disorder should also be carefully con
sidered, because longer disease duration might be associated
with more pronounced changes in white matter microstruc
ture.51 Furthermore, several studies included patients with
psychiatric comorbidities and under different treatment con
ditions (e.g., pharmacological treatment). These conditions
can influence DTI results (e.g., King and colleagues43) and
should be taken into account to improve understanding of
neuroimaging results in eating disorders and comparability
among studies (see Frank and colleagues67).
Second, several methodological approaches have been
used to investigate white matter changes in eating disorders,
limiting our ability to compare results from different studies.
In fact, VBA and TBSS analyses can detect abnormalities of
large-scale brain systems, while tractography allows the
examination of anatomic connectivity.39,95 Because the guide
lines for optimizing DTI acquisition for fibre tracking are
similar to those for DTI optimization in general, future
studies should perform multi-approach analyses, in which
tractography is used in conjunction with TBSS/VBA analy
ses. In this way, it would be possible to better compare
results from different studies and conduct a deeper investiga
tion of white matter microstructure in eating disorders.
Third, hydration state may affect DTI results (e.g., Elvsahagen
and colleagues96). Typically, anorexia nervosa symptomatol
ogy (e.g., food refusal, starvation) may influence hydration
levels.43 To date, only a small number of studies has assessed
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the hydration state of patients with anorexia nervosa, and
they have used different procedures (Table 1). Although no
gold standard for the assessment of hydration state has been
defined97 and the effects of this factor on neuroimaging find
ings in eating disorders are still a matter for debate,67 future
studies should consider this index in DTI analysis design. For
instance, Armstrong97 recommended the use of 2 or more
indices to evaluate body hydration. This approach could be
adopted in DTI studies in patients with anorexia nervosa and
bulimia nervosa (e.g., urine specific gravity, urine osmolality
and plasma osmolality).67 Furthermore, patients could have a
period of controlled nutritional conditions before scanning to
minimize the effects of dehydration/hyperhydration on
brain measurements.67
Another aspect that needs to be taken into consideration is
the influence of ventricular enlargement on diffusion proper
ties. In particular, anorexia nervosa is typically characterized
by reduced brain mass and corresponding increased cerebro
spinal fluid in the sulci and ventricles (e.g., Seitz and col
leagues 5 and Titova and colleagues 6). Kaufmann and
colleagues37 recently introduced a new method to correct DTI
images in regions prone to cerebrospinal fluid contamination,
such as the fornix. Such an approach should be adopted in
future research, including other white matter tracts that are
likely to be involved in the pathophysiology of anorexia ner
vosa.98 Finally, considering that head motion can influence
DTI findings,66 this additional confounding factor could be
taken into consideration, and future studies on eating disor
der patients may consider head motion as a nuisance regres
sor in white matter analyses.66

Conclusion
The literature pertaining to the use of DTI in eating disorders
has grown rapidly in recent years. The current literature has
primarily investigated patients with current anorexia nervosa
or patients who were recovered from anorexia nervosa; few
studies investigated patients with bulimia nervosa. On the
whole, DTI studies found widespread microstructural white
matter abnormalities that affect projection, association and
commissural white matter tracts in both anorexia nervosa and
bulimia nervosa, but showing only partially consistent results.
Differences among the studies may have been related mainly to
heterogeneity in sample composition (e.g., age, age range, eat
ing disorder duration) and methodology (e.g., TBSS, VBA, trac
tography). Considering eating disorder symptomatology (e.g.,
altered eating and/or weight loss/malnutrition), we cannot
rule out the possibility that white matter alterations may be to
some extent related to disease activity. However, in spite of the
differences among the studies, the studies in patients with
anorexia nervosa pointed out partially consistent results with
respect to white matter abnormalities of the thalamo–cortical
tracts (i.e., corona radiata and thalamic radiations) and occipital–
parietal–temporal–frontal tracts (i.e., superior longitudinal and
inferior fronto-occipital fasciculi), mainly characterized by
decreases in FA values. On the other hand, it is still unclear if
white matter abnormalities persist after anorexia nervosa
recovery. Overall, our review leads us to preliminarily suggest

that thalamo–cortical and occipital–parietal–frontal connections
could be affected in anorexia nervosa. This preliminary evi
dence suggests that altered thalamo–cortical connections (in
volved in taste, cognitive and emotional processes, and bodyimage processing) and occipital–parietal–temporal–frontal
connections (involved in complex body image and emotional
processing) may play a role in the main symptoms of anorexia
nervosa, such as rumination on food and weight, body image
disturbances, and food refusal. Although multiple white matter
alterations have been found in patients with bulimia nervosa
that are partially similar to those of patients with anorexia ner
vosa, white matter microstructure in bulimia nervosa remains
poorly studied, and these findings are less conclusive.
It is critical to improve our knowledge about white matter
changes in eating disorders. Further studies with larger and
more homogeneous samples, considering confounding factors
(e.g., altered hydration state, nutritional state, partial volume
effects), and with longitudinal designs are needed to better
elucidate the role and consequences of white matter abnor
malities in the pathophysiology of eating disorders. Further
more, considering the differences between the different DTI
processing algorithms (e.g., TBSS, VBA, tractography), studies
adopting a multi-approach analysis should be encouraged to
better explore white matter microstructure in eating disor
ders. Diffusion tensor imaging is a means of improving our
knowledge of the pathophysiology of eating disorders, and it
can help us define more targeted treatment strategies.
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