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Purpose: To investigate the composition, cross-sectional area 
(CSA), and hormonal correlates of different fat depots in 
women with anorexia nervosa (AN) and control subjects 
with normal weights to find out whether patients with AN 
have lower fat CSA but higher attenuation than did control 
subjects and whether these changes may be mediated by 
gonadal steroids, cortisol, and thyroid hormones.

Materials and 
Methods:

This study was institutional review board approved and 
HIPAA compliant. Written informed consent was ob-
tained. Forty premenopausal women with AN and 40 
normal-weight women of comparable age (mean age 6 
standard deviation, 26 years 6 5) were studied. All indi-
viduals underwent computed tomography of the abdomen 
and thigh with a calibration phantom. Abdominal subcuta-
neous adipose tissue (SAT), visceral adipose tissue (VAT), 
thigh SAT, and thigh intermuscular adipose tissue CSA 
and attenuation were quantified. Serum estradiol, thyroid 
hormones, and urinary free cortisol levels were assessed. 
Variables were compared by using analysis of variance. 
Associations were examined by using linear regression 
analysis.

Results: Women with AN had higher fat attenuation than did con-
trol subjects (2100.1 to 246.7 HU vs 2117.6 to 261.8 
HU, P , .0001), despite lower fat CSA (2.0–62.8 cm2 
vs 5.5–185.9 cm2, P , .0001). VAT attenuation but not 
CSA was inversely associated with lowest prior lifetime 
body mass index in AN (r = 20.71, P = .006). Serum 
estradiol levels were inversely associated with fat attenu-
ation (r = 20.34 to 20.61, P = .03 to ,.0001) and were 
positively associated with fat CSA of all compartments (r 
= 0.42–0.64, P = .007 to ,.0001). Thyroxine levels and 
urinary free cortisol levels were positively associated with 
thigh SAT attenuation (r = 0.64 [P = .006] and r = 0.68 
[P = .0004], respectively) and were inversely associated 
with abdominal SAT and VAT CSA (r = 20.44 to 20.58, 
P = .04 to .02).

Conclusion: Women with AN have differences in fat composition, with 
higher fat attenuation than that of control subjects, as well 
as low fat mass. VAT attenuation but not CSA is inversely 
associated with lowest prior lifetime body mass index, 
suggesting that fat attenuation may serve as a biomarker 
of prior and current disease status in AN.
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consent was obtained from all individ-
uals prior to the study.

Study Population
We studied a total of 80 premenopausal 
women—40 women with AN and 40 
women of normal weight and of compa-
rable age—who were participants in dif-
ferent clinical trials. Patients with AN 
were referred by eating disorder care 
providers or were recruited through 
advertisements, and normal-weight 
control subjects were recruited through 
advertisements. Inclusion criteria for 
all groups were age of 18–45 years 
and female sex. All participants were 
non-Hispanic white. Patients with AN 
met the weight and psychiatric criteria 
in the fourth edition of the Diagnostic 
and Statistical Manual of Mental Disor-
ders. The normal-weight subjects had a 
BMI of at least 19 kg/m2 and less than 
25 kg/m2, were healthy, and had reg-
ular menses and no history of amen-
orrhea or an eating disorder. None of 
the patients with AN or normal-weight 

extracellular matrix may be responsible 
for loss of adipose tissue in this popula-
tion (8). This implies that the composi-
tion of adipose tissue and extracellular 
matrix may play a role in the detrimen-
tal body composition changes associ-
ated with cachexia.

Patients with AN have low fat mass, 
but there are no data on fat composi-
tion, relative fat distribution, and po-
tential hormonal determinants in this 
population, to our knowledge. Endo-
crine abnormalities in AN include hypo-
gonadism, hypercortisolemia, and thy-
roid axis dysregulation, all of which may 
influence fat mass and fat distribution 
(9). Although accumulation of visceral 
adipose tissue (VAT) and intermuscu-
lar adipose tissue (IMAT) is associated 
with increased cardiometabolic risk, 
SAT is relatively protective. No stud-
ies have been performed to investigate 
com position of these fat compartments 
by using CT and hormonal correlates. 
Given the detrimental changes in fat 
and extracellular matrix composition in 
cachexia, noninvasive assessment of fat 
composition may serve as an indicator 
of disease severity in AN. The purpose 
of our study was therefore to investi-
gate composition and cross-sectional 
areas (CSAs), as well as hormonal cor-
relates of different fat depots in women 
with AN and normal-weight control 
subjects. We hypothesized that patients 
with AN have lower fat CSA but higher 
attenuation than normal-weight control 
subjects and that these changes may be 
mediated by gonadal steroids, cortisol, 
and thyroid hormones.

Materials and Methods

The study was institutional review board 
approved and was Health Insurance 
Portability and Accountability Act com-
pliant. This was a retrospective review 
of prospectively acquired data. Data 
were acquired after written informed 
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Advances in Knowledge

 n Visceral adipose tissue attenua-
tion but not cross-sectional area 
is inversely associated with 
lowest prior lifetime body mass 
index, suggesting that fat attenu-
ation may serve as a biomarker 
of current and prior disease 
status in anorexia nervosa (AN).

 n Women with AN have not only 
lower fat mass but also differ-
ences in fat composition, with 
higher fat attenuation than that 
of normal-weight control 
subjects.

 n Adipocyte and extracellular 
matrix composition may be mod-
ulated in part by gonadal ste-
roids, cortisol, and thyroid 
hormones.

Implication for Patient Care

 n Fat attenuation assessed by using 
CT may serve as a novel bio-
marker of current and prior 
disease status in AN.

Patients with anorexia nervosa 
(AN) have a low body mass index 
(BMI) and low body fat mass, and 

both are positive predictors of morbid-
ity and relapse after recovery in this 
population (1,2). Body fat distribution 
can be accurately assessed by using 
computed tomography (CT) (3). Tissue 
attenuation assessed with CT by using 
Hounsfield units represents an indirect 
measure of tissue quality and composi-
tion. Adipose tissue with lower attenu-
ation reflects higher lipid content and 
larger adipocytes, while higher attenu-
ation is associated with lower lipid con-
tent, smaller adipocytes, and markers 
of systemic fibrosis (4,5). Recent stud-
ies regarding the quality of subcutane-
ous and visceral fat have been focused 
on cardiovascular risk and mortality 
prediction. In those studies, low fat at-
tenuation was seen in obese subjects 
and correlated with increased cardio-
vascular risk (4–7).

Studies in cancer-related weight loss 
and cachexia have shown that weight loss 
is associated with decreased adipocyte 
lipid content and volume and increased 
fibrosis of the extracellular matrix (8). 
Furthermore, gene expression profiles 
for abdominal subcutaneous adipose 
tissue (SAT) in patients with cancer 
cachexia suggest that genes that regu-
late energy turnover, cytoskeleton, and 
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59.0 [260.6 pmol/L 6 216.6], P = .001). 
There was no significant difference in 
thyroid-stimulating hormone levels be-
tween the groups (P = .5). The mean 
thyroxine levels were low in patients 
with AN (mean thyroxine levels, 3.5 mg/
dL 6 2.9 [45.0 nmol/L 6 37.3]; nor-
mal range, 4.5–10.9 mg/dL [57.9–140.3 
nmol/L]).

As expected, women with AN had 
lower abdominal and thigh fat CSA than 
did normal-weight control subjects (P , 
.0001) (Fig 1). There was no significant 
difference in relative fat distribution of 
the abdomen (VAT/SAT ratio) and thigh 
(IMAT/SAT ratio) between the groups 
(P = .3 and P = .8, respectively).

Attenuation of all fat compart-
ments was higher in patients with AN 
than in normal-weight control subjects  
(Figs 1, 2). After controlling for ab-
dominal SAT CSA, the difference in 
abdominal SAT attenuation between 
the patients with AN and the normal-
weight group remained significant (P = 
.003), suggesting that fat attenuation 
provides information on fat composi-
tion that is independent of fat CSA.

Fat attenuation of all compart-
ments in the abdomen and thigh was 
inversely associated with BMI (r = 
20.59 to 20.66, P , .0001 for all 
correlations). The inverse association 
between BMI and fat attenuation of 
all compartments remained significant 
after controlling for disease status (AN 
vs normal weight) (P = .03 to .0004). 
Fat attenuation was inversely associ-
ated with fat CSA of all compartments 
(r = 20.69 to r = 20.82, P , .0001 for 
all correlations).

VAT attenuation was inversely as-
sociated with lowest reported lifetime 
BMI in AN (r = 20.71, P = .006), while 
there was no association between fat 
CSA and lowest lifetime BMI (P = 
.1–.6).

There was a significant difference 
between the attenuation of all fat 
compartments in the normal-weight 
group. The lowest attenuation was 
seen in abdominal SAT, followed by 
thigh SAT and VAT, with IMAT hav-
ing the highest attenuation (P , .02) 
(Table 1). Similar findings were seen 
in the AN group; however, there was 

Abbot Park, Ill). Urinary free cortisol 
levels were measured over 24 hours in 
22 patients with AN by using published 
methods (13) in the hospital labora-
tory. Thyroid-stimulating hormone levels 
were measured in 13 patients with AN 
and 21 normal-weight control subjects 
by means of electrochemiluminescence 
immunoassay, and total thyroxine levels 
were measured in 17 patients with AN 
by means of cloned enzyme donor im-
munoassay. The endocrine testing was 
performed in accordance with the clin-
ical protocols in which the individuals 
were participating. Clinical characteris-
tics and body composition did not dif-
fer between participants with and those 
without hormonal testing (P = .5–.8).

Statistical Analysis
Statistical analysis was performed by 
using JMP software (version 11; SAS 
Institute, Cary, NC). Variables were 
compared by using analysis of variance. 
Associations were examined by using 
linear regression analysis. Data were 
adjusted for disease status, BMI, and 
fat CSA by using multivariate standard 
least-squares regression modeling. The 
variance inflation factor was used to 
rule out collinearity among the terms in 
the model. High variance inflation fac-
tors indicate collinearity. In our models, 
the variance inflation factor was less 
than two. Means and standard devia-
tions are reported. A P value less than 
.05 was used to denote a significant 
difference.

Results

Clinical Characteristics and Body 
Composition of Study Participants
Individual characteristics and body co-
mposition, including fat CSA and atten-
uation of the AN and normal-weight 
groups, are shown in Table 1. Study 
participants ranged from 19 to 42 years 
of age (mean age 6 standard deviation, 
26 years 6 5) with a BMI of 13.3–24.9 
kg/m2 (mean BMI, 19.4 kg/m2 6 3.0). 
Patients with AN had lower serum es-
tradiol levels than did normal-weight 
control subjects (26.3 pg/mL 6 22.9 
[96.5 pmol/L 6 84.1] vs 71.0 pg/mL 6 

control subjects were taking estrogen 
or oral contraceptives. Exclusion crite-
ria for both groups included pregnancy 
and presence of a chronic disease 
(other than AN). None of the individ-
uals screened for participation were 
excluded on the basis of pregnancy or 
presence of chronic disease other than 
AN. Clinical characteristics have been 
reported previously in a subset of study 
subjects (27 patients with AN and 19 
normal-weight control subjects); how-
ever, none have been reported in the 
entire cohort, and no data on fat atten-
uation have been described (3,10,11).

CT Examination
Each participant underwent CT of the 
abdomen and thigh by using a 16–de-
tector row scanner (LightSpeedPro; 
General Electric, Waukesha, Wis). Sin-
gle-section CT of the abdomen at the 
level of the fourth lumbar vertebra (L4) 
and the left midthigh was performed. 
Patients were placed supine in the 
CT scanner on a calibration phantom 
(Mindways Software, Austin, Tex), and 
lateral and frontal scout images were 
obtained. Scanning parameters were 
standardized: 144-mm table height, 80 
kV and 70 mA for the abdomen, 120 
kV and 170 mA for the thigh, scanning 
time of 2 seconds, 1-cm section thick-
ness, and 48-cm field of view. Thresh-
olding methods were applied to identify 
adipose tissue by using a threshold set 
for 250 to 2250 HU as described by 
Borkan et al (12). Manual delineation 
was used to separate SAT, VAT, and 
IMAT. CSAs (in square centimeters) 
were obtained, along with mean attenu-
ation (in Hounsfield units) of abdominal 
and thigh SAT, VAT, and IMAT CSAs. 
The relative distribution of body fat in 
the abdomen and thigh was assessed by 
using VAT/SAT and IMAT/SAT ratios, 
respectively. Analyses were performed 
by using Osirix software version 3.2.1 
(www.osirix-viewer.com/index.html).

Endocrine Testing
Estradiol levels were measured in 23 
patients with AN and 18 normal-weight 
control subjects by using a chemilumi-
nescent microparticle immunoassay kit 
from Architect (Abbot Laboratories, 
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of abdominal (VAT/SAT ratio) fat and 
thigh (IMAT/thigh SAT ratio) fat. In-
terestingly, patients with AN and acute 
weight restoration have been shown 
to preferentially accumulate VAT and 
IMAT (15). Our study shows that in 
states of low body weight, there are no 
differences in relative fat distribution 
between patients with AN and normal-
weight control subjects.

Recent studies have shown that the 
quality of fat may be a marker of cardio-
metabolic risk and mortality, indepen-
dent of fat volumes (4,5). The attenua-
tion of fat as assessed with CT reflects 
the biochemical composition of tissue, 
with lower attenuation (ie, more nega-
tive numbers) corresponding to larger 
adipocytes and increased fat content, 
while higher attenuation (ie, more pos-
itive numbers) corresponding to lower 
lipid content and smaller adipocytes 
(4). However, the data on fat attenu-
ation and mortality and cardiovascular 
risk are conflicting. An increased car-
diometabolic risk was found to be asso-
ciated with low CT fat attenuation, in-
dependent of BMI (6). Paradoxically, in 
the same cohort and in two additional 
large cohorts, increased fat attenuation 
was a positive predictor of mortality 
(4,5). A potential explanation for these 
apparently conflicting findings is that 
although lower fat attenuation may re-
flect larger adipocytes and increased 
cardiovascular risk in individuals with 
visceral adiposity, increased extracel-
lular matrix fibrosis that corresponds 
to high-attenuation fat tissue may be 
present in ill patients who have expe-
rienced substantial weight loss. In fact, 
higher levels of markers of systemic fi-
brosis were associated with an increase 
in SAT attenuation, linking higher fat 
attenuation with an increased risk for 
mortality (5). Furthermore, studies in 
cancer-related weight loss and cachexia 
have shown that weight loss is associ-
ated with a decrease in adipocyte lipid 
content and volume but not number, 
as well as adipose tissue remodeling 
with up-regulation of genes modulating 
energy turnover and down-regulation 
of genes related to cellular adhesion, 
extracellular matrix, and cytoskeleton 
(8,16). Interestingly, these changes are 

BMI (P = .009), suggesting that corti-
sol is involved in the regulation of fat 
composition.

There were no associations between 
hormones and lowest prior lifetime BMI 
(P = .2–.5).

Discussion

Our study shows that women with AN 
have higher fat attenuation and lower 
fat CSA than did normal-weight con-
trol subjects. VAT attenuation but not 
CSA is inversely associated with lowest 
lifetime BMI, suggesting that fat atten-
uation assessed by using CT may serve 
as a biomarker of current and prior 
disease status in AN. Our data also 
suggest that adipocyte and extracellu-
lar matrix composition in AN may be 
modulated in part by gonadal steroids, 
cortisol, and thyroid hormones.

Patients with AN have a known pau-
city of body fat, but there are only a 
few studies on the detailed assessment 
of abdominal and thigh fat compart-
ments by using cross-sectional imag-
ing (3,14,15) and none on the relative 
distribution of abdominal and thigh 
fat. In our study, women with AN had 
lower fat CSA of all fat compartments 
compared with normal-weight control 
subjects, although there was no sig-
nificant difference in the distribution 

no significant difference in abdominal 
and thigh SAT (P = .8).

Hormonal Correlates of Fat Attenuation 
and CSA
Associations between hormones and 
fat attenuation and CSA are shown in 
Table 2.

Estradiol levels were inversely asso-
ciated with fat attenuation of all com-
partments and were positively associ-
ated with fat CSA of all compartments. 
After controlling for BMI, the inverse 
association between estradiol and VAT 
attenuation remained significant (P = 
.003), while the remaining associations 
lost significance (P = .2–.7).

Thyroxine levels were inversely as-
sociated with VAT and abdominal SAT 
CSA and were positively associated 
with thigh SAT attenuation.

Urinary free cortisol levels were 
inversely associated with VAT, abdom-
inal SAT, and thigh SAT CSA and were 
positively associated with thigh SAT at-
tenuation. However, the inverse associ-
ations between cortisol and fat CSA lost 
significance after controlling for BMI (P 
= .1 to .2), suggesting that the thinnest 
women with AN are most stressed and 
have the highest cortisol levels. How-
ever, the positive association between 
cortisol levels and SAT attenuation re-
mained significant after controlling for 

Table 1

Clinical Characteristics and Body Composition of Study Participants

Parameter
Patients with  
AN (n = 40)

Subjects with Normal  
Weight (n = 40) P Value

Age (y) 25.7 6 5.4 26.8 6 5.4 .4
Weight (kg) 45.4 6 5.9 61.3 6 6.5 ,.0001
BMI (kg/m2) 16.8 6 1.3 22.1 6 1.6 ,.0001
VAT CSA (cm2) 11.3 6 8.2 29.6 6 13.0 ,.0001
VAT attenuation (HU) 251.9 6 13.5 270.3 6 14.0 ,.0001
Abdominal SAT CSA (cm2) 62.8 6 34.9 185.9 6 80.6 ,.0001
Abdominal SAT attenuation (HU) 2100.1 6 13.3 2117.6 6 8.3 ,.0001
Abdominal VAT/SAT CSA ratio 0.21 6 0.18 0.18 6 0.09 .3
Thigh SAT CSA (cm2) 35.2 6 18.9 81.7 6 21.4 ,.0001
Thigh SAT attenuation (HU) 297.2 6 12.6 2109.1 6 6.5 ,.0001
Thigh IMAT CSA (cm2) 2.0 6 1.4 5.5 6 2.7 ,.0001
Thigh IMAT attenuation (HU) 246.7 6 12.5 261.8 6 9.3 ,.0001
Thigh IMAT/SAT CSA ratio 0.07 6 0.06 0.07 6 0.04 .8

Note.—Values are means 6 standard deviations, unless indicated otherwise.
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and those of normal weight. We found 
a significant difference between the 
attenuation of different fat compart-
ments, with abdominal and thigh SAT 
having lower attenuation and VAT and 
IMAT having higher attenuation. These 
findings suggest that fat compartments 
that are associated with adverse cardio-
metabolic risk have increased fat atten-
uation compared with compartments 
associated with a more protective car-
diometabolic profile, thereby providing 
information on metabolic activity of dif-
ferent fat depots.

No data on hormonal correlates of 
fat attenuation have been published, 
to our knowledge. We found inverse 

AN. Low BMI is associated with serious 
medical complications in AN (2). Our 
data suggest that VAT attenuation may 
serve as a biomarker of prior and cur-
rent disease status in AN.

In prior studies on CT attenuation 
of fat, investigators only evaluated ab-
dominal SAT and VAT attenuation. 
While accumulation of VAT and IMAT is 
associated with increased cardiometa-
bolic risk, SAT, especially thigh SAT, is 
relatively protective (19–21). We there-
fore examined CSA and attenuation of 
abdominal and thigh fat depots to de-
termine the relative distribution and 
composition of these depots in a group 
of premenopausal women with AN 

reciprocal to those observed in obesity 
and are similar to changes seen after 
weight loss in obesity (17,18), which 
provides a possible explanation for the 
increased cardiometabolic risk with 
low-attenuation fat and the increased 
mortality with high-attenuation fat 
(4,5,7). In our study, women with AN 
had significantly higher fat attenuation 
compared with normal-weight control 
subjects, and this was in part indepen-
dent of fat CSA, suggesting that fat at-
tenuation may provide information on 
fat composition that is independent of 
fat quantity. VAT attenuation but not 
fat CSA or hormones was inversely 
associated with lowest lifetime BMI in 

Figure 1

Figure 1: CT images in the (a) abdomen and (b) thigh in a 35-year-old woman with normal weight (BMI, 24 kg/m2 ) and CT images in the (c) abdomen and (d) 
thigh in a 34-year-old woman with AN (BMI, 18 kg/m2 ) demonstrate markedly reduced VAT (arrows), abdominal and thigh SAT (arrowheads), and IMAT (arrows) CSAs, 
as well as increased attenuation in the woman with AN compared with the normal-weight subject. All images are presented by using the same window and level.



156 radiology.rsna.org n Radiology: Volume 279: Number 1—April 2016

GASTROINTESTINAL IMAGING: Fat Attenuation at CT in Anorexia Nervosa Gill et al

In conclusion, women with AN have 
higher fat attenuation than do normal-
weight women. VAT attenuation but not 
CSA is inversely associated with lowest 
lifetime BMI, which suggests that fat at-
tenuation may serve as a biomarker of 
prior and current disease status in AN. 
Adipocyte and extracellular matrix co-
mposition in AN may be modulated in 
part by gonadal steroids, cortisol, and 
thyroid hormones. Further interven-
tional studies are needed to investigate 
this hypothesis and other potential me-
diators of fat attenuation.
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