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Summary

Objective Glucocorticoids can cause postprandial hypergly-

caemia, but the effects on postprandial energy and fat metabo-

lism are uncertain. We investigated the effects of acute and

chronic low-dose prednisolone on fasting and postprandial

energy expenditure and substrate metabolism.

Design An open interventional and cross-sectional study was

undertaken.

Patients and measurements Eighteen patients who had not

taken oral glucocorticoids for ≥6 months were studied before

and after 7 days prednisolone (6 mg/day) to assess the acute

effects of prednisolone. Baseline data from patients, not on glu-

cocorticoids, were compared with 18 patients on long-term

prednisolone (6�5 � 1�8 mg/day for >6 months) to assess the

chronic effects. Energy expenditure and substrate oxidation were

measured using indirect calorimetry before and after a mixed

meal. Adipocyte insulin resistance index and insulin-mediated

suppression of NEFA were calculated from fasting and postpran-

dial insulin and NEFA concentrations.

Results There were no significant differences in resting energy

expenditure or diet-induced thermogenesis with prednisolone.

Acute (�2�1 � 6�2 vs �16�3 � 4�8 mg/min, P = 0�01) and

chronic (�1�4 � 2�8 vs �16�3 � 4�8 mg/min, P = 0�01) pred-

nisolone attenuated postprandial suppression of fat oxidation.

Chronic (31�6 � 3�8 vs 17�0 � 3�3, P = 0�007), but not acute,

prednisolone increased adipocyte insulin resistance index. How-

ever, insulin-mediated suppression of NEFA was not significantly

different after acute or chronic prednisolone.

Conclusions Prednisolone does not alter energy expenditure.

However, even at low doses, prednisolone exerts adverse effects on

fat metabolism, which could exacerbate insulin resistance and

increase cardiovascular risk. Attenuated postprandial suppression of

fat oxidation, but not lipolysis, suggests that prednisolone causes

greater insulin resistance in skeletal muscle than in adipocytes.

(Received 18 April 2016; returned for revision 15 June 2016; finally

revised 1 June 2016; accepted 17 June 2016)

Introduction

Endogenous glucocorticoid excess (Cushing’s syndrome) causes

a distinctive change in body composition with reduced lean

body mass and increased fat mass, predominantly in the truncal

region.1 Consequently, visceral adiposity is increased, which is

associated with increased rates of cardiovascular disease and dia-

betes. While Cushing’s syndrome is rare, exogenous glucocorti-

coid therapy is prescribed long term to nearly 1% of the adult

population to treat inflammatory disease or attenuate disease

progression.2 High-dose glucocorticoid therapy (prednisolone

>20 mg/day) also causes central adiposity3 and is associated with

a threefold increased risk of cardiovascular event and stroke.4

However, most patients on chronic glucocorticoid therapy are

prescribed prednisolone equivalent doses of <10 mg/day.2 The

effect of typical therapeutic (lower) glucocorticoid doses on fat

mass is less clear, with some studies reporting an increase in

central fat mass and others no significant difference.5,6

Studies of body composition are valuable but interpretation

can be limited by between-subject heterogeneity and relatively

small sample size. Defining the perturbations of energy and fat

metabolism associated with typical therapeutic glucocorticoid

doses will aid an understanding of their contribution to adipos-

ity. While infusion of high doses of glucocorticoids paradoxically

increases resting energy expenditure,7 during longer term admin-

istration of exogenous glucocorticoids8 and in Cushing’s
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syndrome,1 resting energy expenditure is not significantly differ-

ent to controls. Stimulation of appetite, and not reduced energy

utilization, is considered to be the major contributor to gluco-

corticoid-induced adiposity.9

Glucocorticoids predominantly increase glucose concentration

in the postprandial period.10 However, the effect of glucocorti-

coids on diet-induced thermogenesis, the increase in energy

expenditure after a meal, has not been studied. A reduction in

diet-induced thermogenesis, which comprises obligatory (heat

generated by digestion and absorption of food) and facultative

(regulated heat production to dissipate food energy) compo-

nents, may contribute to adiposity and the metabolic syn-

drome.11 As glucocorticoids reduce sympathetic nervous system

activity and insulin sensitivity, even at typical therapeutic

doses,12 this could reduce diet-induced thermogenesis and con-

tribute to adiposity in patients taking glucocorticoids.

Variable effects of glucocorticoids on fat oxidation have been

reported.13,14 Fasting fat oxidation was increased after a 4–5 h

infusion of hydrocortisone.15 However, there were no significant

changes in fasting fat oxidation in patients with Cushing’s syn-

drome1 and taking chronic glucocorticoid therapy.5 The effects

of glucocorticoids on postprandial lipid metabolism have not

been well characterized.

The aim of this study was to assess the acute and chronic

effects of commonly used therapeutic prednisolone doses on

fasting and postprandial energy and fat metabolism. We hypoth-

esized that, similar to its effects on postprandial glycaemia, glu-

cocorticoid-induced changes in energy and substrate metabolism

would predominantly manifest in the postprandial period.

Material and methods

The study was approved by the Southern Adelaide Clinical

Human Research Ethics Committee, Flinders Medical Centre,

and all patients provided written informed consent in accor-

dance with the Declaration of Helsinki. The effects of pred-

nisolone on whole body insulin sensitivity and vascular function

in this cohort have previously been reported.12

Patients

Patients aged 50 years or older with rheumatoid arthritis were

recruited from the rheumatology outpatient clinic at Repatriation

General Hospital, Adelaide, Australia. We studied 18 patients who

had not been administered any oral glucocorticoids for at least

6 months (non-GC users) and 18 patients taking a stable continu-

ous oral prednisolone dose of 4–10 mg/day for at least 6 months

(GC users). The two groups were matched for age and sex.

Patients with active synovitis and those prescribed oral hypogly-

caemic agents and /or insulin were excluded from the study.

Study design

Non-GC users were studied before and after a 7-day course of

oral prednisolone 6 mg daily to determine the acute effects of

prednisolone. Baseline data from non-GC users were compared

with data from chronic GC users to determine the chronic

effects of prednisolone.

Study protocol

Patients attended the Endocrine Research Unit at Repatriation

General Hospital at 0830 h after a 12-h overnight fast. All

patients took their regular medications in the morning prior to

arrival, including prednisolone. Basic anthropometric measures

were recorded. At each visit, after resting supine for a 20-min

acclimatization period, energy and substrate metabolism were

assessed using indirect calorimetry. Blood samples were collected

for estimation of glucose, insulin, lipid profile, nonesterified

fatty acids (NEFA) and C-reactive protein (CRP). A mixed meal

was then administered over 15 min (10 kcal/kg body weight,

45% carbohydrate, 40% fat and 15% protein), and indirect

calorimetry repeated 2 h after the mixed meal. Further blood

samples for glucose, insulin and NEFA were taken at 30-min

intervals for 120 min. Patients then underwent a dual energy X-

ray absorptiometry scan to measure whole body composition.

Indirect calorimetry

Indirect calorimetry was performed using a ventilated hood

technique (Parvo Medics True One 2400 Metabolic Measure-

ment System, Parvo Medics, Sandy, UT). After an equilibrium

period of 10 min, resting energy expenditure and substrate oxi-

dation rates were calculated from the next 20 min of indirect

calorimetry recordings using the equations of Ferrannini.16 Diet-

induced thermogenesis was calculated as the percentage increase

in energy expenditure after the mixed meal.17

Body composition

Fat mass and lean body mass (LBM) were measured by dual

energy X-ray absorptiometry on a GE Medical Systems Lunar

Prodigy (GE Healthcare General Electric Company), which also

quantified central abdominal fat. Central abdominal fat is the fat

within a manually traced region bordered by the upper margin

of second and the lower margin of the fourth lumbar vertebral

bodies and the outer margin of the ribs.5

Whole body insulin sensitivity

As previously described,12 whole blood glucose was measured at

the bedside immediately after venesection on an in-house glucose

analyser (YSI 2300 STAT Plus, Yellow Springs Instrumentation,

Ohio, USA) by an immobilized glucose oxidase method. Insulin

was measured by radioimmunoassay (EMD Millipore, Toronto,

Ontario, Canada). Whole body insulin sensitivity was estimated

by the composite insulin sensitivity index (Matsuda index).18

Lipids and adipocyte insulin sensitivity

Fasting lipid profiles were measured by enzymatic colorimetry

(Roche Modular P Unit; Roche Diagnostics GmbH). Serum free
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fatty acid concentrations were measured by enzyme colorimetry

using a Beckman Synchron CX5 analyser (WAKO NEFA C kit,

Denver, CO). Adipocyte insulin resistance index was calculated

as the product of fasting plasma insulin and fasting NEFA con-

centration.19 Insulin-mediated suppression of NEFA was calcu-

lated as the percentage decrease in fasting NEFA concentration

divided by the mean plasma insulin concentration during the

mixed meal test.20

Physical activity

Physical activity was assessed using the Modified Baecke Ques-

tionnaire, which is a composite score based on household activ-

ity, sports and exercise and other leisure activities. A higher

score reflects higher levels of physical activity.21

Other laboratory analysis

CRP was measured using a Tinaquant immunoturbidimetric

assay (Roche Diagnostics GMBH, Mannheim, Germany) on a

Roche Modular Analyser (Hitachi High-Technologies Corpora-

tion, Tokyo, Japan). The limit of detection was 0�3 mg/l. The

between-run CV was 3�6% at a CRP of 3�9 mg/l and 2�3% at a

CRP of 49�5 mg/l. Urinary noradrenaline excretion was mea-

sured during the 6-h study period by liquid chromatography/

mass spectrometry to estimate sympathetic nervous system activ-

ity. The coefficient of variation (CV) for urinary noradrenaline

measurement is 5�1% at 300 nmol/l.

Statistical analysis

Statistical analysis was performed using IBM SPSS version 20

for Windows (IBM, New York, USA). A P-value of <0�05 was

considered statistically significant. Patient characteristics are pre-

sented as mean � standard deviation if the distribution was

normal and median (interquartile range) if the distribution was

not normal. All other data are presented as mean � standard

error of mean. Changes in variables in non-GC users after

7 days prednisolone were analysed using paired t-tests, which

are hereafter described in the manuscript as the acute effects of

prednisolone. GC users were compared with baseline data from

non-GC users using unpaired t-tests if normally distributed or

Mann�Whitney U-tests if the distribution was not normal.

These results are reported in the manuscript as the chronic

effects of prednisolone. As resting energy expenditure is depen-

dent on LBM, it was adjusted for this variable using analysis of

covariance.

The primary end-point is the change/difference in diet-

induced thermogenesis. In the acute study, a sample size of 17

had 80% power to detect a 3% change in diet-induced thermo-

genesis at the 0�05 significance level, assuming a standard devia-

tion of 4%. In the chronic study, a sample size of 16 per group

had 80% power to detect a 4% difference in diet-induced ther-

mogenesis at the 0�05 significance level, assuming a standard

deviation of 4%.

Results

Patient characteristics, body composition and

noradrenaline excretion

GC users were taking a mean prednisolone dose of

6�5 � 1�8 mg/day, with a mean duration of continuous pred-

nisolone therapy of 62 � 62 months. None of the non-GC users

reported receiving long-term prednisolone therapy in the past.

There were no significant differences in sex distribution, age,

body mass index, C-reactive protein, physical activity score or

use of disease-modifying antirheumatic drugs between GC users

and non-GC users (Table 1). There were no significant differ-

ences in total fat mass, truncal fat mass, central abdominal fat

or lean body mass between GC and non-GC users (Table 1).

There were no significant differences in serum lipid profile

between GC users and non-GC users (Table 1). Urinary nora-

drenaline excretion was reduced by acute prednisolone (54 � 8

vs 93 � 23 nmol/6 h, P = 0�02), but was not significantly differ-

ent in patients on chronic prednisolone (68 � 17 vs

93 � 23 nmol/6 h, P = 0�31). No patient in either group had a

diagnosis of diabetes.

Indirect calorimetry

There were no significant differences in resting energy expendi-

ture (1391 � 52 vs 1383 � 52 Kcal/day, P = 0�67) or diet-

induced thermogenesis (Fig 1) after acute prednisolone. There

was no significant difference in resting energy expenditure

(1374 � 27 vs 1408 � 27 Kcal/day, P = 0�38) or diet-induced

thermogenesis (Fig 1) between GC users and non-GC users.

Table 1. Patient characteristics, body composition and lipid profile

Non-GC users

(n = 18)

GC users

(n = 18) P-value

Female (n, (%)) 12 (67) 12 (67) 1�00
Age (years) 64 � 7 66 � 7 0�33
BMI (Kg/m2) 28�1 � 5�2 27�9 � 6�1 0�95
C-reactive protein (mg/l)* 2�4 (1�1–4�5) 1�6 (0�5–7�6) 0�44
Physical activity score 12�8 � 5�7 10�5 � 5�5 0�22
DMARDs (n) 11 9 0�50
Total fat mass (Kg) 29�6 � 12�7 29�5 � 12�9 0�98
Central abdominal fat (Kg) 2�3 � 1�3 2�2 � 1�2 0�65
Truncal fat (Kg) 16�2 � 6�8 15�2 � 7�0 0�68
Lean body mass (Kg) 43�3 � 8�4 45�6 � 8�1 0�41
Total cholesterol (mmol/l) 5�3 � 0�8 5�3 � 1�1 0�87
Triglyceride (mmol/l) 1�3 � 0�6 1�2 � 0�8 0�74
LDL cholesterol (mmol/l) 3�0 � 0�9 3�0 � 0�9 0�77
HDL cholesterol (mmol/l) 1�7 � 0�6 1�7 � 0�5 0�82

Data are mean � SD unless otherwise stated; *median (interquartile

range); n, number of patients with specified variable; GC, glucocorticoid;

BMI, body mass index; DMARDs, disease-modifying antirheumatic

drugs.
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There were no significant differences in fasting fat (29�1 � 6�0
vs 37�4 � 3�9 mg/min, P = 0�14) or carbohydrate oxidation

(88�6 � 12�4 vs 64�0 � 8�6 mg/min, P = 0�09) after acute pred-

nisolone. There were no significant differences in fasting fat

(34�0 � 4�0 vs 37�4 � 3�9, P = 0�56) or carbohydrate (73�4 �
9�4 vs 64�0 � 8�6 mg/min, P = 0�47) oxidation between GC

users and non-GC users. However, acute and chronic pred-

nisolone were both associated with an impaired ability to sup-

press fat oxidation (Fig 2a) and increase carbohydrate oxidation

(Fig 2b) in response to the meal.

Whole body insulin sensitivity

The time course of changes in glucose and insulin concentra-

tions are shown in Fig 3a and b respectively. As previously

reported12, fasting glucose (5�3 � 0�3 vs 4�6 � 0�1 mmol/l,

P = 0�02) and glucose AUC over 2 h (844 � 58 vs

733 � 27 mmol/l*min, P = 0�03) were higher after acute pred-

nisolone. No significant differences in fasting (4�9 � 0�2 vs

4�6 � 0�1 mmol/l, P = 0�20) or glucose AUC over 2 h

(822 � 40 vs 733 � 27 mmol/l*min, P = 0�07) were observed

with chronic prednisolone, although the higher glucose AUC

with chronic prednisolone approached statistical significance.

There were no significant differences in fasting insulin

(28�3 � 2�0 vs 24�2 � 3�7 lU/ml, P = 0�28) or insulin AUC

(14�3 � 1�8 vs 12�5 � 1�6 mU/ml*min, P = 0�28) with acute

prednisolone. Fasting insulin (32�2 � 2�9 vs 24�2 � 3�7 lU/ml,

P = 0�10) and insulin AUC (17�3 � 2�2 vs 12�5 � 1�6 mU/

ml*min, P = 0�09) were increased by more than 30% in patients

on chronic prednisolone, but these differences did not reach

statistical significance. The Matsuda index was significantly lower

after both acute (2�0 � 1�0 vs 3�6 � 1�1, P = 0�01) and chronic

(1�9 � 1�0 vs 3�6 � 1�1, P = 0�04) prednisolone.

Adipocyte insulin sensitivity

There was no significant difference in fasting NEFA after acute

prednisolone (0�7 � 0�1 vs 0�6 � 0�1 mmol/l, P = 0�24). GC

users had higher fasting NEFA (1�0 � 0�1 mmol/l vs

0�6 � 0�1 mmol/l, P < 0�001) than non-GC users. Adipocyte

insulin resistance index was higher after chronic, but not acute

prednisolone (Fig 4a). However, percentage suppression of

NEFA postmeal was not significantly different after acute

(85�4 � 1�9 vs 88�5 � 1�8%, P = 0�09) or chronic prednisolone.

(89�5 � 1�2 vs 88�5 � 1�8%, P = 0�63) (Fig 4b). Consequently,

insulin-mediated suppression of NEFA was not significantly dif-

ferent after acute or chronic prednisolone (Fig 4c).

Discussion

This study investigated the effects of low-dose prednisolone on

fasting and postprandial energy and substrate metabolism in

elderly patients with rheumatoid arthritis. Neither acute nor

chronic prednisolone was associated with significant changes in

resting energy expenditure or diet-induced thermogenesis. In

contrast, low-dose prednisolone reduced whole body insulin sen-

sitivity, which was associated with attenuated postprandial sup-

pression of fat oxidation. Chronic, but not acute, prednisolone

was associated with higher fasting NEFA and adipocyte insulin

resistance index. However, acute and chronic prednisolone did

not affect postprandial insulin-mediated suppression of NEFA.

These data provide insight into tissue-specific differences in glu-

cocorticoid-induced insulin resistance and suggest potential ther-

apeutic targets to reduce the metabolic effects of glucocorticoids.

The effects of glucocorticoids on diet-induced thermogenesis

have not been studied. Diet-induced thermogenesis contributes

10–15% of average daily energy expenditure. Diet-induced ther-

mogenesis is regulated by the sympathetic nervous system22 and

is lower in patients with insulin resistance.23 Previous studies

have reported that resting energy expenditure is not reduced in

patients with Cushing’s syndrome1 and taking exogenous gluco-

corticoids.8,9 Our study was concordant with these findings, but

extended them to demonstrate that there is no significant change

in postprandial energy expenditure with acute or chronic low-

dose prednisolone. In our cohort of patients, urinary nora-

drenaline excretion was reduced by 42% with acute prednisolone

Fig. 1 Diet-induced thermogenesis (DIT) in 18 patients with rheumatoid

arthritis who do not take oral glucocorticoids (non-GC users) before

(white bars) and after (grey bars) 7 days prednisolone and 18 patients

with rheumatoid arthritis on long-term prednisolone (GC users, black

bars). Data are mean � SEM.

Fig. 2 Postmeal change in fat oxidation (a) and

carbohydrate oxidation (CHO oxidation) (b) in 18

patients with rheumatoid arthritis who do not take

oral glucocorticoids (non-GC users) before (white

bars) and after (grey bars) 7 days prednisolone and

18 patients with rheumatoid arthritis on long-term

prednisolone (GC users, black bars). Data are mean

� SEM.
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and there was a reduction in Matsuda index with acute and

chronic prednisolone.12 However, these changes did not translate

into a reduction in diet-induced thermogenesis. It is possible

that the effects of glucocorticoids on postprandial energy meta-

bolism manifest only with higher glucocorticoid doses. However,

our study is clinically relevant as we studied commonly used

therapeutic doses of prednisolone in typical (older) patients at

ambient temperature.

In this study, we have systematically assessed the effects of pred-

nisolone on substrate oxidation in the fasting and postprandial

state. Previous studies have demonstrated no significant changes

in fasting fat oxidation in patients with Cushing’s syndrome1 and

taking exogenous glucocorticoids.24 Concordant with these stud-

ies, there were no significant changes in fasting fat oxidation in

this study. However, we have demonstrated for the first time that

low-dose prednisolone alters postprandial substrate oxidation,

with attenuation of suppression of fat oxidation and the concomi-

tant increase in carbohydrate oxidation (Fig 2a and b). There is a

parallel between the timing of these postprandial changes in sub-

strate metabolism, termed metabolic inflexibility, and pred-

nisolone-induced changes in blood glucose concentration, which

also mainly occurs after a meal.10 Postprandial glucose uptake and

substrate oxidation predominantly occur in skeletal muscle. Con-

sequently, postprandial hyperglycaemia and metabolic inflexibility

are consistent with acute and chronic prednisolone causing insu-

lin resistance in skeletal muscle.

In contrast to changes in fat oxidation, elevations of NEFA

manifested in the fasting state and only during chronic glucocor-

ticoid excess. Elevated serum NEFA concentrations are indirectly

indicative of resistance to insulin-induced suppression of

lipolysis in adipocytes. Consistent with previous studies,25 circu-

lating NEFA and adipocyte insulin resistance index were not sig-

nificantly different after 7 days of low-dose prednisolone,

suggesting insulin sensitivity in adipocytes was not affected by

acute prednisolone. However, adipocyte insulin resistance index

was increased in patients on long-term prednisolone, with mean

fasting NEFA higher than typical NEFA concentrations after an

overnight fast.26 These findings are similar to those observed in

patients with Cushing’s syndrome, in whom fasting NEFA and

subcutaneous adipose tissue lipolysis are increased,27 but extend

them by demonstrating that mild degrees of chronic glucocorti-

coid excess attenuate insulin-induced suppression of lipolysis.

They do, however, need to be verified using stable isotopic

assessment of lipid metabolism.

Previous in vitro, ex vivo and in vivo studies have reported

that glucocorticoids do not cause insulin resistance in

adipocytes.28–30 In contrast, the elevated fasting NEFA in our

study suggest that prednisolone does induce insulin resistance in

adipocytes as the relatively low insulin concentrations during

fasting do not suppress lipolysis. However, in the postprandial

period, during which mean insulin concentrations were more

than 100 lU/ml in all groups, insulin-mediated suppression of

lipolysis was not significantly affected by prednisolone. As these

insulin concentrations did not suppress fat oxidation, this sug-

gests that the degree of glucocorticoid-induced insulin resistance

is tissue-specific, with lipolysis in adipose tissue less resistant

than fat oxidation in skeletal muscle.

These changes in lipid metabolism induced by glucocorticoids

may have clinical consequences. It is debated as to whether

metabolic inflexibility is a cause or consequence of insulin

Fig. 3 Time course for glucose (a) and insulin (b)

after a mixed meal in 18 patients with rheumatoid

arthritis who do not take oral glucocorticoids

(non-GC users) before (white bars) and after (grey

bars) 7 days prednisolone and 18 patients with

rheumatoid arthritis on long-term prednisolone

(GC users, black bars). Data are mean � SEM.

Fig. 4 Adipocyte insulin resistance index (Adipocyte IR index) (a), time course of plasma nonesterified fatty acids (NEFA) (b) and insulin-mediated

suppression of NEFA (c) in 18 patients with rheumatoid arthritis who do not take oral glucocorticoids (non-GC users) before (white bars) and after

(grey bars) 7 days prednisolone and 18 patients with rheumatoid arthritis on long-term prednisolone (GC users, black bars). Data are mean � SEM.
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resistance, and its clinical significance in humans remains to be

clarified. However, in an animal model, inhibition of fat oxida-

tion prevented glucocorticoid-induced insulin resistance in mus-

cle.31 Elevated fasting NEFA are associated with fat

accumulation in liver and skeletal muscle, a major contributor

to insulin resistance.32 Furthermore, patients with higher fasting

NEFA have increased rates of hypertension, type 2 diabetes and

increased mortality.33 Inhibition of lipolysis with acipimox was

reported to reduce dexamethasone-induced insulin resistance.34

Consequently, reversing prednisolone-induced changes in lipoly-

sis and fat oxidation could potentially ameliorate the adverse

metabolic effects of glucocorticoids and this should be the sub-

ject of future studies.

Assessing the metabolic effects of glucocorticoids in vivo is

challenging. In addition to potential direct effects of glucocorti-

coids, changes in insulin concentration and sensitivity and cate-

cholamine secretion influence their effects on energy and

substrate metabolism. These variables can differ in the fasting

and postprandial state. Strengths of this study include that we

have systematically assessed the effects of prednisolone on fasting

and postprandial energy metabolism and also simultaneously

quantified insulin sensitivity and catecholamine secretion in a

well-matched cohort of patients with rheumatoid arthritis.

However, we acknowledge our study has limitations. Firstly,

as our study has a relatively small sample size, this could have

resulted in a type 2 error when analysing some measurements

e.g. fasting substrate metabolism. Secondly, we have not used an

euglycaemic-hyperinsulinaemic clamp to assess the effect of glu-

cocorticoids on insulin sensitivity, a technique considered to be

the gold standard. However, calculation of Matsuda index from

a mixed meal produces insulin sensitivity results similar to that

from euglycaemic-hyperinsulinaemic clamp studies.35 Thirdly,

our findings may not be applicable to patients on higher gluco-

corticoid doses (>10 mg/day). Finally, inherent in any cross-sec-

tional study is the possibility that an unmeasured variable

affected results. However, the groups were well-matched for a

number of key variables.

In summary, we have assessed the effects of commonly used

therapeutic prednisolone doses on energy and fat metabolism in

a typical (older) patient group with rheumatoid arthritis. Nei-

ther acute nor chronic prednisolone was associated with changes

in fasting or postprandial energy expenditure. However, pred-

nisolone attenuated postprandial suppression of fat oxidation.

Chronic prednisolone also increased fasting NEFA and adipocyte

insulin resistance, but did not affect postprandial insulin-

mediated suppression of lipolysis. Our study highlights the

adverse changes in carbohydrate and fat metabolism associated

with mild glucocorticoid excess. The fasting and postprandial

changes in fat metabolism demonstrated in our study suggest

that glucocorticoids cause greater insulin resistance in skeletal

muscle than in adipocytes. Future studies should confirm our

findings using more sophisticated metabolic techniques and

explore whether therapies targeting these changes in fat metabo-

lism could reduce insulin resistance and the associated metabolic

consequences of glucocorticoid therapy.
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