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Summary

 

Objective

 

A comparison of the severity and distribution of per-

turbations in body composition and their relationship to energy

metabolism in glucocorticoid excess and GH deficiency (GHD) has

not been undertaken before. The aim of this study was to investigate

the impact of Cushing’s syndrome (CS) and GHD on whole and

regional body composition and energy metabolism.

 

Design 

 

Cross-sectional study design.

 

Patients 

 

Eighteen subjects with CS (12 women, aged = 41·5 

 

±

 

3·0 years, 24-h urinary free cortisol = 1601 

 

±

 

 361 nmol/day, normal

< 300 nmol/day), 22 subjects with GHD (14 women, age =

42·9 

 

±

 

 2·9 years) and 18 normal subjects (11 women, age = 46·8

 

±

 

 2·8 years).

 

Measurements 

 

Lean body mass (LBM), fat mass (FM) and regional

body composition were assessed by dual-energy X-ray absorptiometry

(DEXA). Resting energy expenditure (REE) and fat oxidation (Fox)

were assessed by indirect calorimetry.

 

Results 

 

Mean percentage FM was significantly greater by 30% in

CS (

 

P =

 

 0·002) and 22% in GH-deficient subjects (

 

P =

 

 0·014) than

in normal subjects. LBM was significantly lower by 15% in CS

(

 

P =

 

 0·002) and 11% in GHD (

 

P =

 

 0·013). In CS, the proportion

of lean tissue in the limbs was 12% less than in normal (

 

P =

 

 0·001)

and GH-deficient subjects (

 

P =

 

 0·0005). Truncal fat represented a

greater proportion of total FM in CS (52·5 

 

±

 

 1·8% 

 

vs.

 

 46·9 

 

±

 

 1·3%,

 

P

 

 = 0·014) than in normal subjects, but not in GHD. REE and Fox,

corrected for LBM, were significantly lower in GHD (

 

P <

 

 0·02 for

both 

 

vs.

 

 normal) but not in CS.

 

Conclusion 

 

FM was higher and LBM lower in both CS and GHD.

However, there is a greater abnormality of regional body com-

position in patients with CS who exhibit a lower limb lean mass

and a greater truncal fat. Reduced REE and Fox contribute to

increased adiposity in GHD. As REE and Fox are not perturbed in

CS, other mechanisms must explain the marked gain in truncal and

total fat.

(Received 30 October 2005; returned for revision 15 November 2005; 

 

finally revised 19 December 2005; accepted 19 December 2005)

 

Introduction

 

Assessment of body composition provides important information

on health status. Perturbations of fat mass (FM) and protein mass

are significant determinants of mortality and morbidity. Abdominal

adiposity is strongly associated with insulin resistance and increased

cardiovascular mortality.

 

1,2

 

 Loss of protein mass not only results in

substantial morbidity but also is an independent predictor of mor-

tality in chronic renal failure

 

3

 

 and chronic obstructive pulmonary

disease.

 

4,5

 

Cushing’s syndrome (CS) and GH deficiency (GHD) are two

chronic conditions that, on first inspection, share similar

changes in body composition, with increased FM and reduced

lean body mass (LBM) and bone mineral content (BMC). The

clinical impression is that LBM may be reduced and total and

truncal FM increased to a greater extent in CS; however, this has

not been systematically evaluated. The acute effects of glucocor-

ticoids and GH on energy and fat metabolism are very different,

suggesting that differing metabolic mechanisms are likely to

underlie changes in body fat. Whereas acute GH stimulates

energy expenditure and fat oxidation,

 

6

 

 acute glucocorticoids exert

little effect on energy metabolism.

 

7–9

 

 The chronic effects of glu-

cocorticoids on energy balance and fat metabolism, and whether

perturbations account for the increased FM in CS, have not been

evaluated.

The aim of this study was to compare body composition and

energy metabolism in CS, GH-deficient and normal subjects. We

hypothesized that distinct differences in body composition and

energy metabolism are present in CS and GHD, despite superficial

similarities in body composition phenotype. These may result in

important differences in the risk of cardiovascular and metabolic

disease and impact on physical function.
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Methods

 

Subjects

 

Eighteen subjects (12 women) with active CS, 22 subjects with GHD

(14 women) and 18 normal subjects (11 women) were studied. The

cause of CS was an ACTH-producing pituitary tumour in 15 sub-

jects, bilateral micronodular adrenal hyperplasia in one subject, an

adrenal adenoma in one subject and ectopic ACTH secretion from

a thymic carcinoid tumour in one subject (Table 1). All subjects with

CS had active disease as defined by an elevated 24-h urinary free

cortisol (mean = 1601 

 

±

 

 361 nmol/day, normal < 300 nmol/day). The

mean duration of symptoms consistent with CS was 42 

 

±

 

 9 months.

In 13 subjects, CS was newly diagnosed and these subjects were

assessed prior to replacement of other pituitary hormone deficits.

Central hypothyroidism was present in one subject and testosterone

was below the lower limit of normal in two of the six male subjects.

In five subjects (four women), CS was persistent following trans-

sphenoidal surgery, with one subject also previously receiving

radiotherapy. These subjects were receiving replacement for other

pituitary hormone deficits as appropriate, including thyroxine

replacement (

 

n

 

 = 3), with the male subject receiving testosterone

replacement.

All subjects with GHD had a peak GH in response to insulin-

induced hypoglycaemia (glucose < 2·2 mmol/ l) of < 3 ng/ml.

 

10

 

 The

estimated duration of GHD was > 12 months in all subjects (range

14–360 months). The aetiology of GHD was a nonfunctioning

tumour (

 

n

 

 = 12), lymphocytic hypophysitis (

 

n

 

 = 1), prolactinoma

(

 

n

 

 = 2), surgery and radiotherapy for CS (

 

n

 

 = 2) and idiopathic

hypopituitarism (

 

n

 

 = 5) (Table 2). The two subjects treated for CS

had been eucortisolaemic for 4 and 16 years, respectively. Subjects

were receiving physiological hormone replacement therapy as nec-

essary for other anterior pituitary hormone deficits (Table 2). Fifteen

subjects were receiving glucocorticoid replacement for ACTH

deficiency (mean hydrocortisone dose = 22·3 

 

±

 

 2·4 mg/day) and 16

were receiving thyroxine replacement (mean thyroxine dose =

111 

 

±

 

 5 

 

µ

 

g /day). Seven of eight men were receiving testosterone

replacement (Sustanon 250 mg every 2–3 weeks, 

 

n

 

 = 6; testosterone

implant 600 mg every 6 months, 

 

n

 

 = 1) and 13 of 14 women were

receiving oestrogen replacement (transdermal, 

 

n

 

 = 5; oral, 

 

n

 

 = 8).

No subject had previously received GH replacement therapy.

The normal subjects comprised healthy volunteers recruited from

the general population. The Research Ethics Committee of St

Vincent’s Hospital, Sydney, Australia approved the study and all

subjects provided written informed consent.

 

Clinical protocol

 

Subjects attended the Clinical Research Facility, Garvan Institute

of Medical Research, at 0830 h after an overnight fast, where they

underwent indirect calorimetry and body composition measure-

ment. Extracellular water (ECW) was measured in a subset of each

group, to estimate true protein mass that was not fluid.

Table 1. Treatment characteristics of subjects with Cushing’s syndrome (CS)
 

Subject

Age 

(years)

Gender 

(M,F)

Cause 

of CS Treatment

Hormone 

deficiencies

Hormone 

replacement

1 52 M Mi Nil G Nil

2 54 M Mi Nil G Nil

3 32 F Mi S Nil Nil

4 34 F Mi Nil Nil Nil

5 36 F EA Nil Nil Nil

6 22 F AH Nil Nil Nil

7 53 M Mi S T,G T,G

8 26 F Mi Nil Nil Nil

9 64 F Ma S,X T T

10 59 M Ma Nil T Nil

11 31 F Mi Nil Nil Nil

12 42 M Mi Nil Nil Nil

13 39 F AA Nil Nil Nil

14 43 F Mi Nil Nil Nil

15 54 F Mi Nil Nil Nil

16 30 F Mi S T T

17 49 F Mi S Nil Nil

18 27 M Mi Nil Nil Nil

Mi, microadenoma; Ma, macroadenoma; EA, ectopic ACTH production; 
AH, adrenal hyperplasia; AA, adrenal adenoma; S, surgery; X, radiotherapy; 
T, thyroid deficiency/replacement; G, gonadal deficiency/replacement.

Table 2. Treatment characteristics of subjects with GH deficiency (GHD)
 

Subject

Age 

(years)

Gender 

(M,F)

Cause 

of GHD Treatment

Hormone 

deficiencies

Hormone 

replacement

1 31 M NFT S A,T,G,D A,T,G,D

2 66 M NFT S A,T,G A,T,G

3 34 F NFT X G G

4 23 M NFT X A,T,G,D A,T,G,D

5 27 M IH Nil T,G T,G

6 44 F NFT S,X A,T,G A,T,G

7 50 F LH Nil A,G A,G

8 27 F NFT S,X A.T,G,D A.T,G,D

9 53 F CD S A,T,G,D A,T,G,D

10 53 F NFT S,X A,T,G A,T,G

11 59 M NFT S A,T,G,D A,T,G,D

12 68 F NFT S,X A,T,G A,T,G

13 22 F IH Nil G G

14 48 F IH Nil A,T,G,D A,T,G,D

15 48 F P X T,G T,G

16 58 F NFT S G G

17 38 F CD S,X A,T,G A,T,G

18 41 F IH Nil A,T,G A,T,G

19 43 F P S,X A,T A,T

20 48 M NFT S A,T,G A,T,G

21 24 M IH Nil G,D G,D

22 38 M NFT S Nil Nil

NFT, nonfunctioning tumour; IH, idiopathic hypopituitarism; LH, 
lymphocytic hypophysitis; CD, surgery and/or radiotherapy for Cushing’s 
disease; P, prolactinoma; S, surgery; X, radiotherapy; A, adrenal hormone 
deficiency/replacement; T, thyroid deficiency/replacement; G, gonadal 
deficiency/replacement; D, diabetes insipidus.
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Assessment of body composition

 

Body composition was assessed using a three-compartment model.

FM, LBM and BMC were measured by dual-energy X-ray absorp-

tiometry (DEXA) using a total body scanner (Lunar model DPX,

software version 3·1, Lunar Corp., Madison, WI, USA), which also

quantified regional body composition of upper limb, lower limb and

truncal fat. Truncal fat comprises fat in the chest, abdominal and pelvic

regions, as described previously.

 

1

 

 The coefficients of variation (CVs) for

FM and LBM at our institution were 2·9% and 1·4%, respectively.

 

11

 

Indirect calorimetry

 

Subjects were asked to remain on their normal diet for 3 days before

indirect calorimetry. After subjects had rested for at least 30 min, O

 

2

 

consumption (VO

 

2

 

) and CO

 

2

 

 production (VCO

 

2

 

) were measured

with an open-circuit ventilated hood system (Deltatrac metabolic

monitor, Datex Instrumentation Corp., Helsinki, Finland), which

was calibrated against standard gases before each study. VO

 

2

 

 and

VCO

 

2

 

 were measured over two 20-min periods and averaged. Resting

energy expenditure (REE) and substrate oxidation rates were calculated

using the equations of Ferrannini.

 

12

 

 The mean day-to-day intrasubject

CV for REE at our institution is approximately 4%.

 

13,14

 

Measurement of extracellular water

 

ECW was estimated using the bromide dilution technique as

described previously.

 

15,16

 

 ECW was calculated from the change in

serum bromide concentration 140 min after injection of a known

amount of bromide using the formula of Miller 

 

et al

 

.

 

15

 

 Serum bromide

concentration was measured by high-pressure liquid chromatography

after removal of plasma proteins by centrifugal ultrafiltration. The

intra-assay CV at our institution is < 4%. The mean day-to-day

intrasubject CV for ECW at our institution, based on repeat ECW

estimation from four subjects, is 5·7%.

 

16

 

 ECW was subtracted from

LBM to quantify body cell mass (BCM).

 

Statistical analysis

 

Statistical analysis was undertaken using statistical software packages

Statview 4·5 PPC (Abacus Concepts, Inc, Berkeley, CA, USA) and

SPSS 11·0 (SPSS Inc, Chicago, IL, USA). Results are expressed as

mean 

 

±

 

 standard error unless stated otherwise. Categorical variables

were assessed using 

 

χ

 

2

 

-testing, while continuous variables were

assessed by factorial analysis of variance (

 



 

). Simple regression

analysis was performed to assess the relationship between variables.

Correction for significant covariates was made using analysis of

covariance (

 



 

) with a Bonferroni correction made when

multiple comparisons were undertaken.

 

Results

 

Subject characteristics

 

The characteristics of the groups of normal subjects, and subjects

with CS and GHD are shown in Table 3. There were no significant

differences in gender distribution (

 

P =

 

 0·94), age, weight and body

mass index between the three groups.

 

Body composition

 

Body composition was first assessed using a three-compartment

model with FM, LBM and BMC expressed both in kilograms and as

a percentage of total body weight (Table 4). In subjects with CS, per-

centage FM was approximately 30% greater (

 

P =

 

 0·002) while LBM

(

 

P =

 

 0·002) and BMC (

 

P =

 

 0·003) were 15% lower than in normal

subjects (Fig. 1). In subjects with GHD, percentage FM was signifi-

cantly greater by 22% (

 

P =

 

 0·014) and LBM significantly lower by

11% (

 

P =

 

 0·013) than in normal subjects, while BMC was not

significantly different (

 

P =

 

 0·12) (Fig. 1). There were no significant

differences in FM (

 

P =

 

 0·32) and LBM (

 

P =

 

 0·36) between subjects

with CS and GHD. Absolute, but not percentage, BMC was signifi-

cantly lower in subjects with CS than in subjects with GHD (Table 4).

Body composition was reanalysed following exclusion of the two

subjects with acquired GHD after undergoing treatment for CS.

Omission of these two subjects did not alter the above findings.

Regional body compartments were compared next (Fig. 2). In

subjects with CS compared to normal subjects, mean percentage

truncal fat was significantly higher by 46% (

 

P <

 

 0·0001), whereas

limb fat mass was not significantly different. Percentage arm and leg

lean mass were significantly lower by 22% (

 

P =

 

 0·0008) and 21%

Table 3. Subject characteristics of 18 normal subjects, 18 subjects with 
Cushing’s syndrome (CS) and 22 subjects with GH deficiency (GHD) (values 
represent mean ± standard error)
 

 

Normal CS GHD

Gender (F/M) 11/7 12/6 14/8

Age (years) 46·8 ± 2·8 41·5 ± 3·0 42·9 ± 2·9

Weight (kg) 72·4 ± 4·2 75·1 ± 3·6 76·9 ± 2·9

BMI (kg/m2) 25·5 ± 1·1 27·4 ± 1·1 27·5 ± 0·9

All P-values > 0·15.

Table 4. Whole body composition analysis in 18 normal subjects, 18 subjects 
with Cushing’s syndrome (CS) and 22 subjects with GH deficiency (GHD) 
(values represent mean ± standard error)
 

 

Normal CS P-value* GHD P-value*

Fat mass (kg) 24·2 ± 2·6 31·7 ± 2·3 0·029 30·6 ± 1·9 0·050

Fat mass (%)† 33·8 ± 2·4 43·9 ± 1·6 0·002 41·1 ± 2·1 0·014

LBM (kg) 43·1 ± 2·4 37·1 ± 1·7 0·056 40·7 ± 2·1 0·42

LBM (%)† 62·1 ± 2·3 52·7 ± 1·6 0·002 55·1 ± 1·9 0·013

BMC (kg) 2·82 ± 0·15 2·41 ± 0·08 0·027 2·76 ± 0·13‡ 0·75

BMC (%)† 4·06 ± 0·13 3·46 ± 0·12 0·003 3·76 ± 0·14 0·12

*vs. normal subjects.
†Expressed as percentage total body weight.
‡P < 0·05 vs. CS.
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(

 

P =

 

 0·0001), respectively, in CS. In subjects with GHD, truncal fat

was significantly greater than normal subjects by 28% (

 

P =

 

 0·006)

and percentage arm fat was 35% higher, although this did not reach

statistical significance (

 

P =

 

 0·052). Percentage lean leg mass was

significantly lower by 12% (

 

P =

 

 0·01) while lean arm mass was

not significantly different to normal subjects (

 

P =

 

 0·30). Truncal fat

tended to be greater in CS than in GHD, although this did not reach

statistical significance (P = 0·067). Subjects with CS had a signifi-

cantly lower percentage arm lean mass than subjects with GHD

(P = 0·0008), while significant leg lean mass was not statistically

different (P = 0·087).

Finally, the proportion of total FM in the trunk (truncal fat/total

FM) and the proportion of LBM in the limbs (limb lean mass/LBM)

were ascertained (Fig. 3). In subjects with CS, truncal fat represented

a significantly greater percentage of FM (P = 0·009) and lean limb

mass a smaller percentage of LBM (P = 0·001) than in normal subjects.

In subjects with GHD, there were no significant differences from

normal subjects in the proportion of FM in the trunk (P = 0·14) or

in the proportion of LBM in the limbs (P = 0·88). Subjects with CS

had a significantly lower proportion of LBM in the limbs than sub-

jects with GHD (P = 0·0005). The proportion of fat in the trunk in

subjects with CS was not significantly different to subjects with GHD

(P = 0·17).

Extracellular water

ECW was measured in a subset of normal subjects (n = 6, four

women), subjects with CS (n = 7, four women) and subjects with

GHD (n = 7, seven women). Although only women were in the

subgroup with GHD, gender distribution in the three subgroups

was not significantly different (P = 0·15). There were no significant

differences in age, weight or BMI between the three subgroups

(data not shown).

In normal subjects there was a highly significant correlation

between ECW and LBM (P = 0·0002, Fig. 4a). In subjects with GHD

the correlation between ECW and LBM approached statistical sig-

nificance (P = 0·052, Fig. 4b), whereas in subjects with CS there was

Fig. 1 Percentage total body fat mass, lean body mass (LBM) and bone 
mineral content (BMC) in 18 subjects with Cushing’s syndrome (grey bars) 
and 22 subjects with GH deficiency (black bars), expressed as the 
mean ± standard error percentage difference from 18 normal subjects 
(*P = 0·05 vs. normal subjects, **P = 0·01 vs. normal subjects).

Fig. 2 Percentage regional body composition in 18 subjects with Cushing’s 
syndrome (grey bars) and 22 subjects with GH deficiency (black bars), 
expressed as the mean ± standard error percentage difference from 18 
normal subjects (*P = 0·05 vs. normal subjects, **P = 0·01 vs. normal 
subjects, †P = 0·05 vs. GH-deficient subjects, ††P = 0·10 vs. GH-deficient 
subjects).

Fig. 3 Percentage of total body fat in the trunk and percentage of total 
lean body mass in the limbs in 18 subjects with Cushing’s syndrome 
(grey bars) and 22 subjects with GH deficiency (black bars), expressed as 
the mean ± standard error percentage difference from 18 normal subjects 
(**P = 0·01 vs. normal subjects, ¶P = 0·01 vs. GH deficient subjects).
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no significant correlation (Fig. 4c). ECW occupied a signifi-

cantly smaller proportion of the LBM in subjects with GHD than

both normal subjects (25·7 ± 1·4% vs. 30·7 ± 0·6%, P = 0·045) and

subjects with CS (33·3 ± 2·2%, P = 0·004). The proportion of the

LBM that was ECW in CS was not significantly different to normal

subjects (P = 0·29). BCM tended to be lower in subjects with CS than

in normal subjects; however, this did not reach statistical significance

(24·6 ± 1·6 kg vs. 30·7 ± 3·6 kg, P = 0·08). In subjects with GHD,

BCM was not significantly different to normal subjects (26·1 ± 1·7 kg

vs. 30·7 ± 3·6 kg, P = 0·18) or subjects with CS (P = 0·64).

Because of apparent unequal (albeit not statistically different)

gender distribution in the three subgroups, analysis of ECW and

BCM was repeated following correction for gender distribution.

Correction for gender distribution did not significantly alter ECW

results (data not shown). When gender was included as a covariate,

BCM was significantly lower in subjects with CS than in normal

subjects (23·3 ± 2·1 kg vs. 30·1 ± 2·2 kg, P = 0·34), whereas in GHD

BCM was not significantly different to normal (27·9 ± 2·1 kg,

P = 0·15).

Energy metabolism

REE was significantly correlated with LBM in normal subjects

(r2 = 0·83, P < 0·0001), subjects with CS (r2 = 0·39, P = 0·008) and

GHD (r2 = 0·51, P = 0·0002). After correction for LBM, REE was

significantly lower in subjects with GHD than in subjects with CS

(P = 0·011) and normal subjects (P = 0·044) (Table 5). The mean

REE in CS was not significantly different from that of normal

subjects. Exclusion of the three subjects with CS who did not receive

replacement therapy for thyroid (n = 1) and gonadal (n = 2) hormones

did not significantly alter the results.

LBM was also significantly correlated with Fox (r2 = 0·15,

P = 0·003). After correction for LBM, the rate of Fox was significantly

lower (P = 0·003) in GH-deficient than in normal subjects whereas

in subjects with CS, Fox was not significantly different from normal

(P = 0·50) or GH-deficient subjects (P = 0·17) (Table 5). Fox in GH-

deficient subjects remained significantly less than normal subjects

after adjustment for oral oestrogen use (data not shown). As there

was not a significant correlation between CHOox and LBM, the

results are reported unadjusted. CHOox was significantly greater

in subjects with GHD than in normal subjects (P = 0·013), whereas

in CS CHOox was not significantly different to normal (P = 0·11)

(Table 5).

Discussion

This study, the first systematic comparison of body composition and

energy metabolism in CS and GHD, reveals similarities in whole

body composition between the two conditions but quite striking

differences in regional body composition and energy metabolism.

While perturbations of greater FM and lower LBM were quantitatively

similar in CS and GHD, truncal fat (higher) and limb lean mass

(lower) were more markedly affected in CS. LBM was significantly

correlated with REE and Fox. After correcting for the influence of

LBM, REE and Fox were lower in GHD, but not in CS.

Regional body composition analysis in CS suggests that lean tissue

is reduced to a greater extent in the limbs and fat is increased to

a greater extent in the trunk. While total LBM was 15% lower in sub-

jects with CS than in normal subjects (Fig. 1), the percentage of lean

tissue in the limbs was also significantly lower (Fig. 3), suggesting

greater loss of lean tissue from the arms and legs. Similarly, despite

Fig. 4 Relationship between lean body mass (LBM) and extracellular water 
(ECW) in (a) six normal subjects, (b) seven subjects with GH deficiency and 
(c) seven subjects with Cushing’s syndrome.
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total FM being 30% higher, the percentage of fat in the trunk was

significantly greater than normal subjects, suggesting predominant

truncal fat accumulation (Fig. 3). Previous studies, undertaken in a

smaller cohort17 and in women only,18 which have characterized

body composition abnormalities in CS, have provided some incon-

sistencies. Compared to weight-matched controls, percentage LBM

was reported as unchanged17 or reduced,18 and total and truncal FM

unchanged17 or increased.18 The lean mass of the arm, but not the

leg, was reduced in CS.17,18 Visceral fat, measured by computer tomo-

graphy, was consistently increased.17,19 Our study in this large group

of both women and men provides strong data supporting the clinical

phenotype of greater loss of lean tissue from both limbs and gain of

truncal but not limb fat.

Our study is consistent with previous reports of a greater whole

body FM accompanied by a lower LBM in GHD of a similar mag-

nitude.20 Few studies, however, have characterized regional body

composition in GHD. In an earlier study of elderly GH-deficient sub-

jects, no difference was observed in the proportion of fat deposited

centrally or the distribution of lean tissue assessed by DEXA.21 How-

ever, it has been reported that visceral abdominal adipose tissue is

increased to a greater extent than subcutaneous tissue.22 GH replace-

ment has resulted in a greater gain in lean tissue in the limbs and a

greater reduction in abdominal than peripheral FM,23,24 with the

reduction predominantly visceral rather than subcutaneous adipose

tissue.25 We observed the impact of GHD on body composition to

be more generalized than in CS. The proportion of lean tissue in the

limbs in GH-deficient subjects was almost identical to normal sub-

jects (Fig. 3), suggesting that loss of lean tissue tends to be general-

ized. The percentage of FM in the truncal region in GH-deficient

subjects was also not significantly different to normal subjects.

As the proportion of fat in the trunk was midway between normal

subjects and subjects with CS, it is possible that the lack of a statis-

tically significant increase in truncal fat represents a type II error,

such that a larger cohort may reveal a redistribution of fat to the

trunk. However, preferential development of truncal adiposity is less

marked than in CS.

The status of ECW in CS has not been reported previously. ECW

was assessed in a subgroup as perturbations in ECW might confound

estimation of protein cell mass by DEXA. If ECW were increased in

CS, this would result in an overestimation of protein mass. Conversely,

failure to account for ECW in GHD will lead to underestimation of

protein mass, because of the known antinatiuretic action of GH.26

It was surprising that we did not observe increased ECW in CS in

view of the known sodium-retaining effect of glucocorticoids.

However, the tight relationship between ECW and LBM in normal

subjects was absent in the subgroup with CS (Fig. 4), suggesting that

glucocorticoid excess may influence the hydration of the LBM. These

data should be interpreted with caution, given the small number of

subjects in whom ECW was quantified and the relatively narrow

range of LBMs in the subgroup with CS.

Adiposity is a hallmark of both CS and GHD and may arise from

a disturbance in energy balance or a reduction in the oxidative

metabolism of fat. In GH-deficient subjects, we found a reduction

in REE, both unadjusted (data not shown) and after correcting for

the reduced LBM. Three previous studies found no significant dif-

ference in REE in subjects with GHD.6,26,27 One study reported REE

in subjects with GHD to be 90% of predicted; however, the reduction

was not statistically significant.27 Another study found REE to be in

the lower part of the normal range in GH-deficient adults.6 Both

these studies involved smaller numbers of subjects (nine and seven,

respectively),6,27 suggesting that the failure to find a significant

reduction in REE may be due to a type II error. Our results in a larger

well-matched cohort are consistent with the known positive impact

of GH replacement on REE6 and the finding of an increased rate of

REE in acromegaly.11

Reduced Fox may also contribute to the development of adiposity

in GHD because of the known stimulation of lipolysis and Fox by

GH. Lean tissue is the major site of postprandial Fox28 and explains

the correlation between LBM and Fox. In this study we observed Fox

in GHD to be significantly reduced even after correcting for the

influence of a contracted LBM. This observation underscores the

importance of GH as a potent stimulator of Fox and its physiological

role as a regulator of Fox. The rate of Fox is unlikely to be confounded

by altered protein oxidation, as this is not significantly different from

normal in subjects with GHD.29 Similarly, glucocorticoid, thyroid

hormone and testosterone replacement were physiological and Fox

remained reduced after correction for oral oestrogen use. Reduced

REE and Fox are likely to relate directly to GHD and contribute to

a generalized gain in adipose tissue.

By contrast, neither REE nor Fox were significantly reduced in

CS after accounting for the reduced LBM. Previous studies have

reported that acute administration of glucocorticoids does not alter

REE8,9,30,31 or Fox in most,8,9,30 but not all,31 studies. Our study extends

these observations by demonstrating for the first time that energy

and fat metabolism are not perturbed chronically. This observation

suggests that mechanisms other than those involving major perturbation

 

Normal CS P-value* GHD P-value*

REE† (kcal /day) 1458 ± 39 1489 ± 41 1·00 1325 ± 35‡ 0·044

Fox† (mg/min)  76·0 ± 5·5  64·7 ± 5·7 0·50  49·9 ± 4·9 0·003

CHOox (mg/min)  52·4 ± 10·0  78·8 ± 16·2 0·11  90·9 ± 6·6 0·013

REE, resting energy expenditure; Fox, fat oxidation; CHOox, carbohydrate oxidation.
*vs. normal subjects.
†Corrected for lean body mass using analysis of covariance with Bonferroni adjustment made for 
multiple comparisons.
‡P < 0·05 vs. CS.

Table 5. Resting energy expenditure and substrate 
oxidation in 18 normal subjects, 18 subjects with 
Cushing’s syndrome (CS) and 22 subjects with GH 
deficiency (GHD) (values represent 
mean ± standard error)
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of energy expenditure are likely to contribute to weight gain and fat

deposition in CS. Glucocorticoids have been shown to markedly

stimulate appetite32 and promote differentiation of adipocytes.33

One likely mechanism is the stimulation of lipoprotein lipase, the

main enzyme responsible for hydrolysis of triglycerides into fatty

acids allowing uptake and storage in fat tissue. Glucocorticoids stim-

ulate lipoprotein lipase in visceral adipocytes to a greater extent than

in subcutaneous adipocytes.34 In subjects with CS, lipoprotein lipase

activity was increased in retroperitoneal35 but not gluteal adipose

tissue.36 Increased visceral lipoprotein lipase activity will result in the

preferential gain in truncal adipose tissue found in this and other

studies.17,19

A limitation of a cross-sectional study is that it does not control

for all possible variables. However, we have attempted to account for

variables that may have influenced results. Three subjects with CS

had untreated deficiencies of the thyroid or gonadal axis; however,

the energy metabolism findings were not significantly different

if these subjects were excluded from the analysis. It is possible that

concomitant GHD may have contributed to the body compositional

changes in subjects with CS. However, while the subjects with CS

were not tested for GHD, only six of 18 had a macroadenoma or had

previously surgery/radiotherapy (Table 1). Therefore, it is unlikely

that GH secretion was impaired in the majority. Moreover, as

regional body compositional changes were more severe in CS, the

additional perturbations are likely to be secondary to glucocorticoid

excess. The subjects with GHD were a more homogeneous group,

all were GH-deficient for more than 12 months and receiving stable

physiological replacement of other pituitary hormone deficits. In

two subjects the GHD resulted from treatment for CS; however, both

had been eucortisolaemic for many years. In a previous study, LBM

and FM in subjects with GHD following treatment for CS were not

significantly different from subjects with GHD from other causes.37

In conclusion, GHD and CS display similar global but quite

different regional disturbances in body fat. Preferential truncal fat

deposition may increase the risk of cardiovascular disease and the

marked reduction in limb lean tissue results in greater functional

disability in CS. A reduction in REE and Fox is likely to contribute

to adiposity in GHD. As whole body energy metabolism is not

significantly perturbed in CS, other mechanisms must explain the

significant differences in total and regional fat accumulation.
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