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Cushing’s syndrome (CS) is associated with low fat-free mass,
but it is unclear whether hypercortisolism causes a loss of
whole body protein. Body composition was studied prospec-
tively in 15 patients with untreated CS (n = 14 pituitary ad-
enoma; n = 1 adrenal adenoma), in 15 nonobese healthy con-
trols, and in 15 weight-matched obese controls by 3 different
methods: total body potassium counting (TBP), bioelectrical
impedance analysis (BIA), and anthropometry. In 6 patients,
body composition was studied before and within 6 months
after pituitary surgery.

In CS patients and weight-matched controls, body weight
and total body fat were significantly higher than in nonobese
controls. In CS patients, TBP was 18.4% lower than predicted,
whereas in weight-matched controls TBP was 7.1% higher
than predicted. As compared with nonobese and weight-
matched controls, in CS patients TBP indicated a significant
loss of body cell mass (BCM) of —20.2 and —21.1%, respectively.

A significantly reduced arm muscle area of —21.3% compared
with weight-matched controls also indicated a loss of whole
body protein. In CS, however, BIA overestimated BCM when
compared with TBP by +18% and agreement between BIA and
TBP in the individual patient was poor (limits of agreement =
27.6%), indicating the invalidity of standard BIA equations in
this population. Measurements performed before and 6
months after successful pituitary surgery demonstrated a sig-
nificant loss of body weight (—11%) and body fat (—33%), but
BCM and muscle mass remained on a constant low level.

In conclusion, this study shows that, in patients with CS, a
significantly reduced BCM indicates a true protein loss. The
second interesting finding is that in the early recovery after
successful treatment of hypercortisolism patients lose body
fat without gaining BCM or muscle mass. (J Clin Endocrinol
Metab 87: 1078-1084, 2002)

USHING’S SYNDROME (CS) is associated, among
other symptoms, with weight gain, central obesity,
and muscle weakness. Body composition studies in these
patients have been performed predominantly to evaluate the
abnormal body fat distribution and its underlying patho-
genic mechanisms (1-5). On the other hand, it has been
proposed that endogeneous hypercortisolism causes protein
depletion and subsequently a loss of skeletal muscle or fat-
free mass (2, 6).

However, it has been shown previously that in CS the
mean absolute fat-free mass is not different from nonobese
healthy controls but significantly lower than in obese pa-
tients with the same anthropometric parameters (2). In
healthy subjects, longitudinal changes in fat-free mass are
strongly influenced by changes in body weight (7). There-
fore, in subjects without hypercortisolism, weight gain is
associated with an increase of fat mass as well as with an
increase of fat-free mass (8). Obviously, in CS this relation-
ship is disturbed, but to date, it is not clear whether the
unproportional low fat-free mass is caused by increased pro-
tein degradation or by an inhibition of protein synthesis (6,
9, 10).

Determination of fat-free mass by various methods is a
common approach to describe protein depletion in patients
with hypercortisolism (1-3, 10, 11). However, in several dis-

Abbreviations: a, Phase angle; BIA, bioelectrical impedance analysis;
BCM, body cell mass; CS, Cushing’s syndrome; R, resistance; reactance;
TBP, total body potassium; Xc, reactance.

ease states associated with malnutrition, even a precise mea-
surement of fat-free mass might be inadequate for the de-
tection of protein depletion because of an accompanying
increase of the extracellular fluid compartment (12-14).
Therefore, the quantitation of body cell mass (BCM) rather
than fat-free mass has been regarded more meaningful (15),
especially because BCM comprises the metabolically active
and protein rich compartment in the body (16). To our
knowledge, in patients with CS, determination of BCM has
not yet been performed systematically.

Therefore, we prospectively studied the body composition
in patients with untreated CS in comparison with age- and
gender-matched nonobese healthy controls as well as with
weight-matched obese patients with special regard on BCM
using total body potassium (TBP) counting, bioelectrical im-
pedance analysis (BIA), and anthropometric measurements.
In addition, in a subgroup of 6 patients changes of body
composition were studied over a period of time of 6 months
after surgical cure of hypercortisolism.

Patients and Methods
Patients and controls

Fifteen consecutive patients with recently diagnosed CS (14 with
pituitary adenoma, 1 with benign adrenal tumor) were studied between
March 1997 and September 1999 after informed consent was obtained.
Malignancies, clinically apparent infection, malabsorption, and hyper-
thyreoidism were exclusion criteria. All patients had typical signs and
symptoms of CS, elevated urinary cortisol excretion, and abnormal
plasma cortisol response in the dexamethasone suppression test. The
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clinical profile of patients is given in Table 1. The pituitary function was
assessed by determination of hormone concentrations in the basal state
and after stimulation with releasing hormones. Five patients had an
impaired response to LH-releasing hormone, but only in two male
patients hormone replacement therapy with testosterone was conducted
at the time of study entry. Insufficiency of the somatotropic axis was
observed in two female patients who were not treated by GH at the time
of study entry. Thyreotropic dysfunction was observed in one patient,
treated by thyroxine.

A subgroup of 6 patients with Cushing’s disease (3 female, 3 male)
was studied repeatedly before, 1, 3, and 6 months after successful trans-
sphenoidal pituitary surgery. In the early postoperative period, the
mean reduction in plasma cortisol was 89%, and all 6 patients were on
a substitution treatment with hydrocortisone. This treatment could be
withdrawn in 5 patients between the first and fifth month after surgery
(mean 2.8 = 1.7 months). Because of persistent signs of adrenal insuf-
ficiency, one patient remained on hydrocortisone 15 mg/d during the
whole study period. Six months after surgery, mean serum and urinary
cortisol values were 76.5% and 92%, respectively (both P < 0.01) lower
than preoperatively. One month after surgery, gonadotropic insuffi-
ciency was observed in 4 patients, which persisted only in 1 female
patient (patient no. 2, who showed persistent corticotropic insufficien-
cy), who was not treated by hormone replacement. A transient soma-
totropic dysfunction was observed in two patients until the third post-
operative month. In one of these patients, additional thyreotropic
dysfunction was treated with thyroxine during the whole study period.
The physical activity was reduced in all patients (working suboptimally,
4 patients; ambulatory, 2 patients) during the first 3 postoperative
months. Six months after surgery, only 2 patients reported full recovery,
whereas the other 4 patients complained on tiredness and suboptimal
working ability.

Fifteen age- and gender-matched nonobese healthy volunteers and 15
age-, gender-, and weight-matched obese patients served as control
groups for TBP counting, BIA, and anthropometry. None of these con-
trols had edema or other signs of changes of hydration. The study
protocol was approved by the ethics committee of the Universitatsklini-
kum Charité.

Body composition analysis

TBP counting. Total TBP has been considered to be an accurate reflection
of BCM because greater than 97% of all the potassium in the body is
intracellular (17). TBP was determined by measuring the amount of the
naturally occurring radioisotope *°K using a shielded-room whole-body
counter (Nuclear Enterprises Ltd., Edinburgh, UK) working with 4
Nal(TI) detectors (Berthold, Wildbad, Germany) by sk at the Department
of Nuclear Medicine, Klinikum Buch as described previously (18). The
coeffecient of variation (cv) for repeated measurements was =2%. In

TABLE 1. Baseline characteristics of patients with CS
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addition, measured TBP was compared with expected normal values as
calculated by the following predictor equations (19): TBP = 35.76X
height — 4.51X age — 2483 (male); TBP = 35.76X height — 4.51X age —
3211 (female). BCM was then calculated according to Cohn (20): BCM zp
= TBP X 0.0092.

BIA. BIA was performed by the whole body tetrapolar contact electrode
approach using a multifrequency impedance analyzer applying alter-
nating electric currents of 100 nA at 1 kHz, and of 800 nA at 5, 50, and
100 kHz (BIA 2000-M, Data Input GmbH, Hofheim, Germany). Two
pairs of current-introducing and voltage-sensing electrodes were at-
tached to the dorsum of hand and foot of the dominant side of the body
(21). Resistance (R), reactance (Xc), and the phase angle (a) were mea-
sured at each frequency. All impedance measurements were taken after
at least 4 h fast and after emptying the bladder with the patient supine
for at least 40 min, the arms relaxed at the sides but not touching the
body, the thighs separated and at a room temperature of 22-26 C.

For calculation of body compartments from R, Xc, and «, only values
obtained at 50 kHz were used. Total body water was calculated as total
body water = 0.69X H?/Rg, + 0.8 (21) and fat-free mass = total body
water/0.732. BCM was calculated using R and phase angle « at 50 kHz
(22): BCM = fat-free mass X 0.29X In (as). The cv for repeated R and
Xc measurements at 50 kHz was determined in 4 healthy controls, in 4
obese patients, and in 4 patients with CS. The cv for R and Xc were 0.92
and 2.1% in controls, 1.2 and 2.3% in obese patients, and 1.45 and 2.8%
in CS.

Anthropometry. Measurements were performed by the same skilled in-
vestigator (M.P.) using a Lange caliper (Holtain, Crymich, UK). The
average of three measurements of midarm circumference and triceps
skin fold at each site was used for the calculation of arm muscle area and
arm fat area according to Gurney and Jelliffe (23). The cv for repeated
measurements of midarm circumference and skin folds in healthy con-
trols were 0.93 and <3%, respectively, and in obese patients and in CS
<1 and <4.5%, respectively.

Laboratory methods

Serum and urinary cortisol were measured in the clinical chemistry
laboratory by an automated analyzer (Immuno, Bayer Corp., Le-
verkusen, Germany) using ELISA. Serum electrolytes were measured by
automated multianalyzers using standard biochemical procedures.

Statistical analysis

All data are given as mean * sp. Comparison between groups was
performed by ANOVA and subsequent least significant difference test,
and P < 0.05 was considered to be significant. Differences in measure-
ments before and after pituitary surgery were evaluated with multiple

Patient Age Gender . . Pituita o Physical Smokin,

o, (y% ) (f/m) Diagnosis dysfunc tIiZn Medication Edema aci’ivi ty (cig d)g Alcohol
1¢ 33 f Pituitary g + 2 5 +
2¢ 29 m Pituitary g Testosterone, antihypertensive 2
3¢ 34 m Pituitary Antihypertensive + 2 30 +++
4 31 f Pituitary + 3 +
59 33 m Pituitary + 2 ++
6¢ 41 f Pituitary t, g, s T,, oral antidiabetic + 2
7 39 f Pituitary Allopurinol + 3 +
8 71 f Pituitary Antihypertensive, nitrates + 2
9 66 f Pituitary Diuretic, heparine ++ 1

10 37 f Pituitary Oral antidiabetic 3

11 36 m Pituitary g Testosterone, antihypertensive + 2 10 +

12 41 f Pituitary Antihypertensive, diuretic + 2 +

13 45 f Pituitary Antihypertensive 3 +

14 70 f Pituitary S Antihypertensive, digitoxin + 1

15 35 m Adrenal Antihypertensive + 2 15 ++

¢ Patients included for follow-up studies; abbreviations: pituitary, pituitary adenoma; adrenal, adrenal adenoma; g, gonadotropic; t, thy-

reotropic; s, somatotropic axis.

Alcohol intake: +, 1-5 drinks, ++, 6—-10 drinks; +++, >10 drinks/wk; leg edema: +, mild; ++, moderate; physical activity: 3, no dysfunction;

2, working suboptimally; 1, ambulatory, 0, bedridden.
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t test. Spearman’s correlation coefficient was calculated for testing the
relationship between different quantities in a bivariate regression model.
Agreement between BIA and TBP for BCM estimation was analyzed
using the graphic method of Bland and Altman (24).

Results

Age and gender distribution as well as body height were
not different between controls and untreated patients with
CS (Table 2). Body weight and, thus, body mass index were
significantly higher in obese patients and in patients with CS
(P < 0.05).

Body composition in CS and controls

Body composition assessment by anthropometry showed
a significant increase of body fat indicated by increased arm
fat area (P < 0.05) in obese patients and in CS compared with
nonobese controls (Table 3). Arm muscle area was signifi-
cantly lower in patients with CS (P < 0.05, Table 3), indicating
a loss of skeletal muscle mass.

In healthy controls, mean BCM estimated by TBP was 4%
lower (P < 0.04), and in CS patients mean BCM was 18.4%
lower (P < 0.001) than predicted values (Table 3). In contrast,
in weight-matched obese patients, TBP derived BCM was 7%
higher than predicted (P < 0.04).

In CS patients, the mean absolute measured TBP and the
mean TBP derived BCM were also significantly lower when
compared with healthy controls (—20.2%; P < 0.05) or
weight-matched obese patients (—21.1%; P < 0.05) (Fig. 1 and

TABLE 2. Clinical data of the study population

Controls Obese CS

(n = 15) (n = 15) (n = 15)
Age (yr) 44.3 + 6.9 47.0 = 10 427 = 14.2
Gender (f/m) 10/5 10/5 10/5
Weight (kg) 68.4 = 9.2 79.3 £ 13.2¢ 81.1 = 15.4¢
Height (cm) 172.5 £ 9.3 166.7 = 8.1 170.3 = 11
BMI (kg/m?) 23.0 = 2.7 28.4 + 2.9 279 = 3.1¢

Values are given as mean =* SD.
¢ P < 0.05, vs. controls.

TABLE 3. Assessment of body composition
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Table 3). When expressed as percentage of body weight,
BCMpp was significantly lower in Cushing patients (26.7 +
4.2% of body weight) than in obese patients (34.4 * 4.1%) or
in healthy controls (39.8 * 7.5%) (Fig. 2).

Additionally, BIA was performed to study different body
compartments. Mean whole body resistance values were not
different between patients and controls. In CS, mean whole
body reactance was significantly lower than in nonobese
controls, and the mean phase angle was significantly lower
than in nonobese controls as well as in obese patients (Table
3). Using standard BIA equations, total body water and fat-
free mass were not different between Cushing patients and
controls or obese patients. In accordance to anthropometry
data, mean BIA-derived fat mass was significantly increased
in Cushing patients as well as in obese patients compared
with nonobese controls. However, in contrast to TBP data, no
difference of mean BIA derived BCM was found between
patients and controls.

Mean absolute values of BCMg;, were not different from
BCMgp in nonobese controls (Table 3). However, BCMg A
was significantly higher than BCMigp in obese patients
(+1.9 £2.4kg; P <0.05) as well as in patients with Cushing’s
disease (+3.9 * 3.2 kg; P < 0.001), indicating a systematic
overestimation of BCM by the BIA approach in both disease
states with increased fat mass.

However, there was an excellent and highly significant
correlation between BCMg;, and BCMygp in nonobese con-
trols (r = 0.95; P < 0.0001), in weight-matched obese patients
(r = 0.96; P < 0.0001) as well as in patients with CS (r = 0.85,
P < 0.0001), data not shown. The limits of agreement (i.e.
between which 95% of all differences lie) were *4.0 kg
(+14.7%) in controls, 4.9 kg (£17.4%) in obese patients, and
+6.6 kg (£27.6%) in patients with CS (Fig. 3).

Effect of treatment

In a subgroup of 6 patients with Cushing’s disease, TBP,
anthropometry, and BIA measurements were performed re-

Controls Obese CS
(n = 15) (n = 15) (n = 15)
Total body potassium
Body cell mass, measured (kg) 27.2 + 6.2° 27.5 * 6.6° 21.7 = 5.1%¢f
Body cell mass, predicted (kg) 28.3 £ 6.1 25.7 £ 5.6 26.6 £ 6.7
TBP,, (mol) 2.963 *+ 0.672° 2.990 + 0.720° 2.360 = 0.557%¢/
TBP,, (mol) 3.085 = 0.654 2.797 = 0.608 2.895 + 0.734
TBP % predicted 96.0 = 7.2 107.1 = 12.2* 82.2 + 12.1%¢
Anthropometry
Arm muscle area (cm?) 51.5 + 13.6 60.5 = 19.0 47.6 + 8.8°
Arm fat area (cm?) 19.6 = 8.8 30.3 + 9.2° 31.5 + 10.1¢
BIA
Resistance (Ohm) 552.1 = 76.4 510.3 = 107.7 549.6 = 66.9
Reactance (Ohm) 593+ 7.4 55.1 = 13.6 49.6 = 10.2¢
Phase angle (°) 6.17 = 0.54 6.18 = 0.91 5.13 = 0.88%¢
Total body water (1) 379+ 7.7 40.3 £ 10.4 39.6 £ 8.2
Fat free mass (kg) 52.7 +9.5 56.0 + 13.2 54.0 + 11.2
Fat mass (kg) 157 = 6.4 23.4 + 3.5° 27.0 + 8.7°
Body cell mass (kg) 279+ 54 294 +17.8 25.6 + 6.2

Values are given as mean * sp; TBP,,, measured total body potassium; TBP,, predicted total body potassium; “ P < 0.05; ® P < 0.001 vs.
controls; ¢ P < 0.05; “ P < 0.001 vs. obese; ° P < 0.05; " P < 0.001, TBP,, vs. TBP,; body cell mass m vs. body cell mass p.
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peatedly before and 1, 3, and 6 months after successful trans-
sphenoidal pituitary surgery. The results are given in Table 4.

A significant decrease of mean body weight was observed
at 3 and 6 months after surgery, respectively (—5.5 kg or
—6.1% and —10.7 kg or —11.1%, respectively; both P < 0.03)
compared with preoperative values. Six months after sur-
gery there was a significant reduction of body fat as deter-
mined either by arm fat area (—9.4 cm® or —25.9%, P < 0.05)
or BIA (—11.4 kg or —33.9%, P < 0.01. In contrast, mean TBP,
arm muscle area, and BIA raw data (resistance, reactance,
phase angle) as well as BIA-derived total body water, fat-free
mass, and BCM remained unchanged even 6 months after
surgery.

Discussion

In this prospective study, the body composition of patients
with CS was compared with nonobese healthy controls and

Controls Obese Cushing’s syndrome

with weight-matched obese subjects of similar age, gender,
and body height. As expected, body weight as well as total
body fat estimated by anthropometry and BIA were signif-
icantly higher in obese patients and in patients with CS when
compared with nonobese healthy controls. The common as-
sumption of protein catabolism and the clinical impression
of muscle wasting and muscle weakness in patients with
hypercortisolism (2, 6, 9) was supported by our finding that
the anthropometrically obtained arm muscle area was sig-
nificantly reduced in Cushing patients when compared with
weight-matched obese patients (Table 3).

Estimation of BCM by TBP

However, anthropometry provides only a gross estimate
of fat-free mass, and we used the TBP approach to calculate
BCM to obtain a more meaningful measure of the whole body
protein content. Interestingly, in weight-matched obese sub-
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overestimation by BIA of BCM in Cushing’s patients.

TABLE 4. Changes of body composition in six patients after successful treatment of CS

Before surgery After surgery 1 month 3 months 6 months

Serum cortisol (nmol/1) 986.7 = 350.2 106.6 + 104.8% 162.7 + 88.3¢ 232.2 = 156.9¢
Body weight (kg) 89.9 = 15.3 89.2 + 14.3 84.4 + 13.4° 79.2 + 12.2°
Total body potassium

TBP,, (mol) 2.68 = 0.54 2.68 = 0.56 2.6 £0.57 2.68 = 0.57

Body cell mass (kg) 246 =5 24.6 = 5.1 239 £52 24.6 =52
Anthropometry

Arm muscle area (cm?) 483+ 7.0 46.8 + 4.5 48.8 = 4.2 50.0 = 3.0

Arm fat area (cm?) 36.2 + 10.1 375 84 34.6 £ 7.0 26.8 + 3.8°
BIA

Resistance (Ohm) 559.8 = 56.6 509 = 14.2 495.6 = 19.8 511.8 = 29.8

Reactance (Ohm) 498 =5 43.6 + 4.7° 426 + 1.1 452+ 21

Phase angle (°) 5.1+0.2 49+ 0.5 49 + 0.2 5.1+ 0.2

Total body water (liters) 41.2 + 8.1 43 +=17.3 432179 417+ 76

Fat mass (kg) 33.6 = 9.9 30.4 = 8.9¢ 25.4 = 8.4° 22.2 + 5.3%

Fat free mass (kg) 56.2 + 11.2 58.8 = 10 59 £ 10.7 57 £ 10.3

Body cell mass (kg) 26.4 = 5.3 272 +6.1 273 £5.7 26.8 = 5.3

Values are given as mean *+ sp; ¢ P < 0.01; ° P < 0.05, before vs. after surgery.

jects measured BCM was 7% higher than predicted values,
whereas in nonobese controls measured BCM was 4% lower
than predicted (Table 3), although BCM expressed as per-
centage of body weight was lower in obese subjects than in
lean healthy controls (Fig. 2). This finding is in accordance to
previous studies demonstrating that, in simple adiposity, not
only the fat mass but also the absolute fat-free mass is higher
than in nonobese healthy subjects (2, 8, 25), which can be
explained by an enlarged skeletal muscle mass necessary to
preserve physical mobility.

In contrast, in CS BCM calculated from TBP was signifi-
cantly reduced by 18.4% when compared with predicted
values, and 20.2% and 21.1% lower than in nonobese controls
or in weight-matched obese subjects (Fig. 1 and Table 3).
Moreover, in CS BCM expressed as percentage of body
weight was markedly reduced when compared with non-
obese controls and even when compared with weight-
matched obese controls (Fig. 2). These data support the hy-

pothesis that endogenous hypercortisolism causes not only
an uncoupling of the parallel increase of fat-free mass and fat
mass as observed in simple adiposity, but a true loss of the
whole body protein depots (6, 9).

Estimation of BCM by BIA

In contrast, BIA did not indicate a significant loss of fat free
or BCM in CS (Table 3). This discrepancy to TBP data or
anthropometry is most likely explained by methodological
limits of the BIA approach. In general, the validity of stan-
dard BIA equations is reduced in adiposity (26), because the
trunk of the body contributes as little as 10% to whole body
impedance, whereas it represents as much as 50%—and in
adiposity even more—of whole body mass (27). In fact, we
found an excellent correlation between BCM zp and BCMg o
in healthy controls and in obese subjects as well as in patients
with CS, but we observed a systematic overestimation of
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BCM by the BIA approach in obese subjects and in CS (Fig.
3 and Table 3). Moreover, in the individual patient with CS,
we found a much lower agreement between both methods
compared with controls or obese subjects (Fig. 3). The latter
finding suggests that in CS validity of BIA in estimating BCM
is not only affected by increased fat mass but might addi-
tionally be influenced by fluid retention because lower limb
edema were observed in 80% of our patients. Therefore,
while the BIA equation used in this study (22) meet a suf-
ficient standard of precision for clinical use in healthy sub-
jects or—as previously demonstrated—in protein-depleted
patients with chronic liver disease (12), it might not be ap-
propriate for BCM determination in the individual patient
with CS. Therefore, we suggest to develop a population-
specific BIA equation for the assessment of BCM in a larger
group of patients with CS.

Changes of body composition after surgical treatment

Within 6 months after pituitary surgery, mean body
weight decreased significantly by 11% (Table 4) and analysis
of body compartments demonstrated that this weight loss
was predominantly attributed to a loss of body fat (— 33% of
initial values). To our knowledge, there is only one study
with a similar longitudinal approach of body composition
change in patients with CS: Lonn ef al. (3) investigated
changes of body fat mass by computed tomography in 7
women within 8 = 2 months after surgical treatment and
observed a similar relationship between weight loss and
reduced total body fat.

Previous studies on 1(—14) C-leucine turnover suggested
that endogeneous hypercortisolism causes inhibition of pro-
tein synthesis (10). Therefore, one would expect an increase
of protein synthesis and subsequently an increase of the
protein depots after normalization of hypercortisolism.

However, in our study mean TBP values as well as an-
thropometrically obtained arm muscle area remained con-
stant and did not increase to normal values within the
6-month postoperative period (Table 4). Similarly, the reac-
tance and the phase angle as well as BIA-derived total body
water, fat-free mass, and BCM also remained on a constant
level even 6 months after surgery. These data suggest that in
the early recovery from hypercortisolism, only the fat mass
changes to normal values, whereas the protein depots remain
on a constant low level. A possible explanation for this find-
ing might be that patients in the early recovery from hyper-
cortisolism are of high risk to have a low energy input and
low physical exercise due to inappetence and general weak-
ness associated with the corticosteroid withdraw. This might
cause a prolonged low protein synthesis. Although we did
not study the dietary intake of our patients, evidence for this
hypothesis is given by findings on adipose subjects with
long-term weight loss during a low energy diet (28, 29). In
these patients, a similar constellation is found: the observed
weight loss is mainly due to a loss of body fat with a nearly
constant fat-free mass. Additional factors causing delayed
normalization of protein synthesis might be the transient
postoperative gonadotropic and/or somatoropic dysfunc-
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tion observed in 5 of the 6 patients. Thus, hypogonadism as
well as GH deficiency may also contribute to persistent low
BCM after surgical treatment of hypercortisolism.

Itis tempting to speculate that in our study the observation
period of 6 months was too short to show a complete nor-
malization of body composition after surgical cure of hy-
percortisolism, and it would be of interest to study the TBP
in these patients after a longer period of time, for example,
12 months after surgery.

In conclusion, this study shows that in untreated patients
with CS the body fat is markedly increased compared with
nonobese controls, but a significantly reduced BCM indicates
a true protein loss in these patients. In the early recovery from
hypercortisolism the observed decrease of body weight is
attributed to a loss of body fat, but the low BCM does not
normalize within the first 6 months after successful pituitary
surgery.

Acknowledgments

We thank Mrs. Christa Efler (Abteilung fiir Nuklearmedizin, Klini-
kum Buch, Germany) for technical assistance in performing TBP mea-
surements, and Dr. T. Schiitz for her invaluable help in organizing
evaluation of healthy controls.

Received June 29, 2001. Accepted November 30, 2001.

Address all correspondence and requests for reprints to: Dr. Matthias
Pirlich, Medizinische Klinik und Poliklinik, Universitdtsklinikum
Charité, Humboldt-Universitit zu Berlin, 10098 Berlin. E-mail:
matthias.pirlich@charite.de.

M.P. was supported by the Else Kroner-Fresenius-Stiftung, Bad Hom-
burg, Germany.

References

1. Schafroth U, Godang K, Ueland T, Berg JP, Bollerslev J 2000 Leptin levels in
relation to body composition and insulin concentration in patients with en-
dogenous Cushing’s syndrome compared to controls matched for body mass
index. ] Endocrinol Invest 23: 349-355

2. Wajchenberg BL, Bosco A, Marone MM, Levin S, Rocha M, Lerario AC, Nery
M, Goldman J, Liberman B 1995 Estimation of body fat and lean tissue
distribution by dual energy x-ray absorptiometry and abdominal body fat
evaluation by computed tomography in Cushing’s disease. ] Clin Endocrinol
Metab 80:2791-2984

3. Lonn L, Kvist H, Ernest I, Sjostrom L 1994 Changes in body composition and
adipose tissue distribution after treatment of women with Cushing’s syn-
drome. Metabolism 43:1517-1522

4. Enzi G, Gasparo M, Biondetti PR, Riore D, Semisa M, Zurlo F 1986 Subcu-
taneous and visceral fat distribution according to sex, age, and overweight,
evaluated by computed tomography. Am J Clin Nutr 44:739-746

5. Krotkiewski M, Blohme B, Lindholm N, Bjornstorp P 1976 The effects of
adrenal corticosteroids on regional adipocyte size in man. J Clin Endocrinol
Metab 42:91-97

6. Tessari P, Inchiosstro S, Biolo G, Marescotti MC, Fantin G, Boscarato MT,
Merola G, Mantero F, Tiengo A 1989 Leucine kinetics and the effects of
hyperinsulinemia in patients with Cushing’s syndrome. J Clin Endocrinol
Metab 68:256-262

7. Forbes GB 1999 Longitudinal changes in adult fat-free mass: influence of body
weight. Am J Clin Nutr 70:1025-1031

8. Landin K, Lindgarde F, Saltin B, Wilhelmsen L 1988 Decreased skeletal
muscle potassium in obesity. Acta Med Scand 223:507-513

9. Ralliere C, Tauveron I, Taillandier D, Guy L, Boiteux JP, Giraud B, Attaix
D, Thieblot P 1997 Glucocorticoids do not regulate the expression of proteo-
lytic genes in skeletal muscle from Cushing’s syndrome patients. J Clin En-
docrinol Metab 82:3161-3164

10. Bowes SB, Benn JJ, Scobie IN, Upleby AM, Lowy C, Sonksen PH 1993
Leucine metabolism in patients with Cushing’s syndrome before and after
successful treatment. Clin Endocrinol (Oxf) 39:591-598

11. Lamberts SW, Birkenhater JC 1976 Body composition in Cushing’s disease.
J Clin Endocrinol Metab 42:864—868

12. Pirlich M, Schiitz T, Spachos T, Ertl S, Weiss M-L, Lochs H, Plauth M 2000
Bioelectrical impedance analysis is a useful bedside technique to assess mal-

220z 1snbny 0z uo 1senb Aq +9/9+¥82/8.0L/€/L8/a101ME/Wwad(/woo dno olwapese//:sdiy




1084 J Clin Endocrinol Metab, March 2002, 87(3):1078-1084

13.

14.

15.

16.

17.

18.

19.

20.

21.

nutrition in cirrhotic patients with and without ascites. Hepatology 32:1208-
1215

McCullough AJ, Mullen KD, Kalhan SC 1992 Body cell mass and leucine
metabolism in cirrhosis. Gastroenterology 102: 1325-1333

Shizgal HM 1987 Nutritional assessment with body composition measure-
ments. ] Parenter Enter Nutr 11(Suppl 5):42S-47S

Heymsfield SB, Waki M, Reinus J 1990 Are patients with liver disease hy-
permetabolic? Hepatology 11:502-505

Moore FD, Boyden CM 1963 Body cell mass and limits of hydration: their
relation to estimated skeletal weight. Ann NY Acad Sci 110:62-71

Pierson Jr RN, Lin DHY, Phillips RA 1974 Total-body potassium in health:
effects of age, sex, height, and fat. Am J Physiol 226:206-212

Ertl S, Tautz M, Deckart H, Mischke W 1979 Physical characterization and
clinical use of the reconstructed whole-body counter in the Nuclear Medical
Clinic of Berlin-Buch. Radiobiol Radiother 20:448-458

McMillan DC, Preston T, Watson WS, Simpson JM, Fearon KCH, Shenkin
A, Burns HJG, McArdle CS 1994 Relationship between weight loss, reduction
of body cell mass and inflammatory response in patients with cancer. Brit
J Surgery 81:1011-1014

Cohn SH, Vaswani AN, Yasumura S, Yuen K, Ellis KJ 1985 Assessment of
cellular mass and lean body mass by noninvasive nuclear techniques. ] Lab
Clin Med 105:305-311

Kushner RF, Schoeller DA 1986 Estimation of total body water by bioelectrical
impedance analysis. Am J Clin Nutr 44:417-424

22.

23.

24.

25.

26.

27.

28.

29.

Pirlich et al. ® Body Composition in Cushing’s Syndrome

Lautz HU, Selberg O, Korber J, Biirger M, Miiller MJ 1992 Protein-calorie
malnutrition in liver cirrhosis. Clin Invest 70:478—-486

Gurney JM, Jelliffe DB 1973 Arm anthropometry in nutritional assessment:
nomogram for rapid calculation of muscle circumference and cross-sectional
muscle and fat mass. Am J Clin Nutr 26:912-915

Bland JM, Altman DG 1986 Statistical methods for assessing agreement be-
tween two methods of clinical measurement. Lancet 1986i: 307-310

Waki M, Kral JG, Mazariegos M, Wang J, Pierson Jr RN, Heymsfield SP 1991
Relative expansion of extracellular fluid in obese vs. nonobese women. Am J
Physiol 261:E199-E203

Fulcher GR, Farrer M, Walker M, Rodham D, Clayton B, Alberti KM 1991
A comparison of measurements of lean body mass derived by bioelectrical
impedance analysis, skinfold thickness and total body potassium. A study in
obese and non-obese normal subjects. Scand J Clin Lab Invest 51:245-253
Foster KR, Lukaski HC 1996 Whole-body impedance—what does it measure?
Am ] Clin Nutr 64(Suppl):3885-396S

Krotkiewski M, Landin K, Mellstrom D, Tolli J 2000 Loss of total body
potassium during rapid weight loss does not depend on the decrease of
potassium concentration in muscles. Different methods to evaluate body com-
position during a low energy diet. Int ] Obes Relat Metab Disord 24:101-107
Hendel HW, Gotfredsen A, Hojgaard L, Andersen T, Hilsted J 1996 Change
in fat-free mass assessed by bioelectrical impedance, total body potassium and
dual energy X-ray absorptiometry during prolonged weight loss. Scand ] Lab
Invest 56:671-679

220z 1snBny 0z Uo 1s8nB Aq £9.9¥82/8.01/€/.8/2101E/Wad(/Wod dno-olwspese)/:sdjy Wolj papeojumoq



