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ormal Brain Tissue Volumes after Long-Term
ecovery in Anorexia and Bulimia Nervosa

ngela Wagner, Phil Greer, Ursula F. Bailer, Guido K. Frank, Shannan E. Henry, Karen Putnam,
arolyn C. Meltzer, Scott K. Ziolko, Jessica Hoge, Claire McConaha, and Walter H. Kaye

ackground: Individuals who are ill with anorexia (AN) and bulimia nervosa (BN) often have increased cerebrospinal fluid (CSF)
olumes and decreased total gray and white matter volumes. It is unclear whether such disturbances persist after recovery from an
ating disorder.
ethods: Magnetic resonance imaging was performed on 40 women who were long-term recovered ( �1 year no binging, purging,

r restricting behaviors, normal weight, and menstrual cycles, not on medication) from restricting or binge/purging type AN or BN and
1 healthy control women (CW). Voxel-based morphometry (VBM) was used for data analysis.
esults: Recovered AN and BN subgroups were similar to CW in terms of cerebrospinal fluid (CSF) volume as well as total or regional
ray or white matter volume.
onclusions: These findings suggest that structural brain abnormalities are reversible in individuals with eating disorders after
ong-term recovery.
ey Words: Voxel based morphometry, magnetic resonance im-
ging, anorexia nervosa, bulimia nervosa, recovery, structural brain
bnormality

here is ample evidence that individuals ill with AN have
reduced brain mass. For example, post mortem studies
showed reduced cerebral mass with prominent sulci and

mall gyri (Gagel 1953; Martin 1958). Neuroimaging studies with
omputerized tomography (CT) confirmed these findings and
dditionally demonstrated enlarged ventricles (Dolan et al 1988;
rieg et al 1988; Palazidou et al 1990). Magnetic resonance

maging (MRI) studies showed large cerebrospinal fluid (CSF)
olumes in association with deficits in both total gray matter
GM) and total white matter (WM) volumes (Katzman et al 1996;
wayze et al 2003) as well as enlarged ventricles (Golden et al
996; Swayze et al 1996). These abnormalities were less pro-
ounced in ill BN individuals (Krieg et al 1989) who also have
ecreased cortical mass (Hoffman et al 1989; Husain et al 1992;
aessle et al 1989).

It is less clear whether these abnormalities persist after
ecovery from AN and BN, or are partially or fully reversible
Katzman et al 1997; Lambe et al 1997; Swayze et al 2003). Thus
he goal of the present study was to assess brain tissue abnor-
alities in a large sample of individuals long-term recovered

rom eating disorders (EDs). To our knowledge this is the first
tudy looking at differences in AN subtypes as well as BN, in the
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recovered state. Since little is known about the process of
recovery, the findings in this study may shed light on the
development of one of the most striking physical consequences
of EDs.

Methods and Materials

Sample Collection
Forty recovered ED subjects were recruited, 14 meeting

criteria for restricting type AN (RAN), 16 for binge-purging type
AN (BAN) and 10 for BN. To be considered “recovered,” for the
previous year subjects had to (1) maintain a weight above 85% of
average body weight; (2) have regular menstrual cycles; (3) have
not binged, purged, restricted food intake or exercised exces-
sively; and (4) not used psychoactive medications. Thirty-one
CW were recruited. They had no history of an ED or any
psychiatric or medical illness.

The studies were conducted according to institutional review
board regulations of the University of Pittsburgh, and all subjects
gave written informed consent. The Structured Clinical Interview
for DSM-IV Axis I and II Disorders was used to diagnose DSM-IV
Axis I and personality disorders (First et al 1996).

MRI Acquisition
T1-weighted volumetric “spoiled gradient recalled” (SPGR)

MRI scans (echo time [TE] � 5 msec, repetition time [TR] � 25
msec, flip angle 40°, number of excitations [NEX] � 1; section
thickness � 1.5 mm) were acquired in the coronal plane on a
1.5-T scanner (GE Medical Systems, Milwaukee, Wisconsin).

Image Analysis
Morphologic changes were investigated using the “optimized”

VBM method (Good et al 2001) using SPM2 (Wellcome Depart-
ment of Cognitive Neurology, London, United Kingdom). The
individual MRIs were segmented into GM, WM and CSF images
in their native space. The GM images were normalized to
Montreal Neurological Institute (MNI) space and the transform
applied to the original SPGR image. The normalized SPGR
images were segmented once again, and the new GM, WM and
CSF images were modulated with the Jacobian determinates
derived from the normalization resulting in volumetric GM, WM

and CSF images. Total GM and WM volumes were extracted from
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he modulated images. Modulated images were smoothed with a
2 mm Gaussian kernel prior to statistical analysis in SPM2.

tatistical Analysis
All data analyses were performed using SPSS 11.0 (SPSS Inc.,

hicago, Illinois). For multiple group comparisons analysis of
ariance was used to test for differences across the groups
ollowed by Tukey post hoc test when the overall difference was
tatistically significant. All image analysis group comparisons
ere performed using analysis of variance within SPM2 (p � .05
orrected for multiple comparisons using false discovery rate).

esults

Recovered subjects and CW were of similar age and body
ass index (BMI) (Table 1). The average length of recovery

anged from 29.8 to 39.5 months. Groups had similar volumes for
otal (Table 2) GM, WM, and CSF as well as regional values (data
ot shown). There was a small but not significant decline of total
MV with age, while total WMV and total CSF volume showed a

mall but not significant increase in all recovered subjects
age/GMV: r � �.193, p � .232; age/ WMV: r � .167, p � .304;
ge vs. CSF: r � .097, p � .552) as well as in CW (age/ GMV:
� �.160, p � .388; age/WMV: r � .139, p � .457; age/CSF: r �

229, p � .216). The findings remained the same after covarying
or age, BMI, total brain volume and length of recovery (recov-
red subjects). However, the BN subgroup had an increase in
M insula volume (Z � 4,14; p � .03) when age was included as
nuisance variable. There was no relationship between total or

egional GMV, WMV or CSF and co-morbid diagnoses (data not
hown).

iscussion
Recovered AN and BN women were similar to each other and

o CW, in total and regional GMV, WMV and CSF volume. Thus,
his study suggests that structural brain abnormalities may be
eversible after long-term recovery from an ED. To our knowl-
dge, this is the first study to use rigorous criteria to define

able 1. Demographics

CW n � 31 RAN n � 14

Mean SD Mean SD

tudy Age (years) 26.8 7.3 23.7 5.3
urrent BMI (kg/m2) 21.9 2.0 21.2 2.0
igh Past BMI (kg/m2) 22.8 2.0 21.6 2.3
ow Past BMI (kg/m2) 20.1 1.4 14.1 1.4
ge of Onset (years) 18.2 4.5
ength of Recovery (months) 28.7 20.4

CW, healthy control women; RAN, recovered anorexic women, restrict
ulimic women; BMI, body mass index.

able 2. Distribution of Segmented Tissues

CW n � 31 RAN n � 14

Mean SD Mean SD

MV (ml) 729.3 45.4 749.9 53.0
MV (ml) 393.6 35.3 383.6 26.0

SF (ml) 313.4 55.6 309.3 61.9
IV (ml) 1436.3 109.2 1442.8 115.1 1

CW, healthy control women; RAN, recovered anorexic women, restrict

ulimic women; GMV, gray matter volume; WMV, white matter volume; CSF, cere

ww.sobp.org/journal
recovery status based upon the requirements of normal nutrition,
stable weight, absence of medication, and normal menstrual
cycle for at least one year. Not all studies have compared AN
subjects to CW.

Previous research studies found results consistent with the
present study, while other studies reported persistent abnormal-
ities. Golden et al (1996) studied individuals with AN after
nutritional rehabilitation and detected normal total ventricular
volumes compared to CW. Kingston found enlarged lateral
ventricles and dilated sulci in AN compared to CW. However,
subjects were rescanned after at least 10% weight gain (Kingston
et al 1996) so that length of recovery was variable.

Swayze rescanned individuals with AN after weight normal-
ization, finding a decrease in total and regional CSF volumes as
well as an increase in GMV and WMV compared to pre-scan
(Swayze et al 2003). Degree of recovery may be critical for
normalization of brain morphometry. However, there was no
comparison to CW, or information about menstrual function or
length of recovery. Lambe described an increase in GMV and
WMV as well as a decrease in CSF volume in recovered com-
pared to ill AN. Compared to CW, recovered AN had greater CSF
volume and smaller GMV, but normal WMV (Lambe et al 1997).

Katzman replicated these findings in a longitudinal study of a
subset of 6 weight recovered AN subjects (Katzman et al 1997).
Subjects in both of these studies were weight restored for at least
1 year and had started to menstruate or returned to normal
menses at follow-up. More recently Neumarker found a signifi-
cant volume difference of the lateral ventricles and the Sylvian
fissure in AN compared to CW, which abated with weight
restoration, whereas deficits of the mesencephalon and pons
persisted (Neumarker et al 2000). Again length of weight resto-
ration is unclear.

All subjects in the present study also participated in positron
emission tomography (PET) studies. For PET image analysis
partial volume correction (PVC) factors were created by seg-
menting the SPGR MR image into brain and nonbrain regions,
which created a binary image (Meltzer et al 1996, 1999). After

BAN n � 16 BN n � 10

p
Group

DifferencesMean SD Mean SD

27.4 7.2 24.0 6.1 .307 —
21.2 1.5 23.1 2.4 .076 —
23.6 2.8 24.7 2.85 .016 2 � 4
14.8 2.0 19.2 2.1 �.001 2,3 � 1,4
15.7 2.7 15.5 2.3 .140 —
39.5 52.7 29.8 18.1 .753 —

pe; BAN, recovered anorexic women, binge/purging type; BN, recovered

AN n � 16 BN n � 10

SD Mean SD p
Group

Differences

55.6 770.2 54.8 .155
42.3 402.7 25.7 .400
42.9 334.1 47.5 .231

107.5 1507.0 106.6 .224

pe; BAN, recovered anorexic women, binge/purging type; BN, recovered
B

Mean

740.2
403.1
342.2
485.4

ing ty

brospinal fluid; TIV, total intracranial volume.
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moothing, regions of interest (ROI) were placed on the binary
mage to determine the fraction of nonbrain within each ROI.
VC values were similar for CW and recovered subjects (Bailer et
l 2004). Thus 2 different methods showed similar conclusions
Good et al 2002).

While emaciation and malnutrition are known to be associ-
ted with altered brain morphometry abnormalities in AN, the
hysiology underlying changes in brain structure remains elu-
ive. Because brain morphometry abnormalities appear to be
eversible, they may be related to fluid shifts, perhaps caused by
ltered hormonal function. For example, Katzman reported that
rinary free cortisol levels in ill AN were positively correlated
ith total CSF volume and inversely correlated with GMV

Katzman et al 1996). Free serum cortisol levels of CW and
ecovered subjects in this study were similar (CW 16.1 � 7.0, all
EC: 17.1 � 6.2, p � .994). Other studies suggest that low
riiodthyronine is associated with ventricular size in AN and BN
Krieg et al 1989). In addition, decreased serum proteins could
esult in decreased colloidal osmotic pressure and a shift of fluid
rom the intravascular space into the subarachnoid spaces (Heinz
t al 1977). In summary, it is possible that alterations in brain
olume in the ill state are a consequence of starvation-induced
hanges in fluid compartments which are reversed by improved
utrition.

The study is limited by its cross-section design. However,
ubjects met DSM-IV criteria and had elevated EDI-2 scores (not
hown) when ill. Moreover, AN subjects had a history of low BMI
imilar in magnitude to that of ill subjects with altered brain
olumes in past studies. There was a selection bias as only
ubjects whose MRs showed a high quality of brain tissue
egmentation were included. In addition, subjects may not be
epresentative of all who recover. While we depend on self-
eports of the participants regarding their state of recovery, their
ormal plasma �-hydroxybutyrate levels (Bailer et al, in Press)
upport the likelihood of normal nutritional status.

In summary, these data indicate that brain tissue abnormali-
ies might be reversible in ED patients after long-term recovery.
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ion. We are indebted to the participating subjects for their
ontribution of time and effort in support of this study.
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