
Diabetologia (1997) 40: 1439±1448

Risk and mechanism of dexamethasone-induced deterioration
of glucose tolerance in non-diabetic first-degree relatives
of NIDDM patients
J.E. Henriksen1, F. Alford2, G.M. Ward2, H. Beck-Nielsen1

1 Diabetes Research Centre, Department of Endocrinology M, Odense University Hospital, Odense, Denmark
2 Department of Endocrinology and Diabetes, St. Vincent Hospital, Fitzroy, Melbourne, Victoria, Australia

 Springer-Verlag 1997

Summary We tested the hypothesis that glucose in-
tolerance develops in genetically prone subjects
when exogenous insulin resistance is induced by dex-
amethasone (dex) and investigated whether the ste-
roid-induced glucose intolerance is due to impair-
ment of beta-cell function alone and/or insulin resist-
ance. Oral glucose tolerance (OGTT) and intrave-
nous glucose tolerance tests with minimal model
analysis were performed before and following 5 days
of dex treatment (4 mg/day) in 20 relatives of non-in-
sulin-dependent diabetic (NIDDM) patients and in
20 matched control subjects (age: 29.6 ± 1.7 vs
29.6 ± 1.6 years, BMI: 25.1 ± 1.0 vs 25.1 ± 0.9 kg/m2).
Before dex, glucose tolerance was similar in both
groups (2-h plasma glucose concentration (PG):
5.5 ± 0.2 [range: 3.2±7.0] vs 5.5 ± 0.2 [3.7±7.4] mmol/
l). Although insulin sensitivity (Si) was significantly
lower in the relatives before dex, insulin sensitivity
was reduced to a similar level during dex in both the
relatives and control subjects (0.30 ± 0.04 vs 0.34 ±
0.04 10±4 min±1 per pmol/l, NS). During dex, the varia-
tion in the OGTT 2-h PG was greater in the relatives
(8.5 ± 0.7 [3.9±17.0] vs 7.5 ± 0.3 [5.7±9.8] mmol/l, F-
test p < 0.05) which, by inspection of the data, was
caused by seven relatives with a higher PG than
the maximal value seen in the control subjects
(9.8 mmol/l). These ªhyperglycaemicº relatives had

diminished first phase insulin secretion (é1) both be-
fore and during dex compared with the ªnormalº rel-
atives and the control subjects (pre-dex é1: 12.6 ± 3.6
vs 26.4 ± 4.2 and 24.6 ± 3.6 (p < 0.05), post-dex é1:
22.2 ± 6.6 vs 48.0 ± 7.2 and 46.2 ± 6.6 respectively
(p < 0.05) pmol ⋅ l±1 ⋅ min±1 per mg/dl). However, Si
was similar in ªhyperglycaemicº and ªnormalº rela-
tives before dex (0.65 ± 0.10 vs 0.54 ± 0.10 10−4 ⋅ min±1

per pmol/l) and suppressed similarly during dex
(0.30 ± 0.07 vs 0.30 ± 0.06 10−4 ⋅ min±1 per pmol/l).
Multiple regression analysis confirmed the unique
importance of low pre-dex beta-cell function to sub-
sequent development of high 2-h post-dex OGTT
plasma glucose levels (R2 = 0.56). In conclusion, ex-
ogenous induced insulin resistance by dex will induce
impaired or diabetic glucose tolerance in those genet-
ic relatives of NIDDM patients who have impaired
beta-cell function (retrospectively) prior to dex expo-
sure. These subjects are therefore unable to enhance
their beta-cell response in order to match the dex-
induced insulin resistant state. [Diabetologia (1997)
40: 1439±1448]
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Non-insulin-dependent diabetes mellitus (NIDDM)
is associated with insulin resistance and impaired in-
sulin secretion [1, 2]. First-degree relatives of patients
with NIDDM have a 40% increased risk of develop-
ing diabetes [3]. Debate still surrounds the aetiology
of the glucose intolerance: whether insulin resistance
[4±7] or a beta-cell defect [7±10] is primary in the
emergence of the disease [1, 2, 11, 12]. Recent studies
from our laboratory have shown both the presence of
insulin resistance in normal glucose tolerant first-de-
gree relatives of NIDDM subjects [6, 7] as well as a
subtle defect of insulin secretion [7] in such subjects.
However, we demonstrated that glucose tolerance
was maintained at normal levels in these subjects
through a novel compensatory mechanism of en-
hanced glucose-mediated glucose disposal or glucose
effectiveness [7]. In identical twins discordant for
NIDDM, we have also shown that the healthy twins
were characterised by a decreased insulin secretion
[9]. Together these data support the conclusion of
Martin and co-workers [5] that those first-degree rel-
atives with the highest insulin sensitivity and/or glu-
cose effectiveness were the least likely to develop di-
abetes during their 25-year longitudinal follow-up
study [5]. However, despite this latter study, the prac-
tical problem remains as to how to identify those nor-
mal glucose tolerant individuals who will develop glu-
cose intolerance or frank diabetes, either during
times of acute stress and/or in the long term.

Glucocorticoids are known to oppose insulin ac-
tion at the level of the liver by promoting gluconeo-
genesis [13] and at the periphery, especially in muscle,
by inhibiting glucose uptake [14] and reducing glyco-
gen synthesis and glucose storage [15]. In addition
the glucocorticoids are believed to attenuate insulin
secretion, particularly the extent of the anticipated
hyperinsulinaemic response to the insulin resistant
state [16, 17]. Together these mechanisms are postu-
lated to cause the development of glucose intolerance
and diabetes observed in patients exposed to gluco-
corticoid therapy [13]. However, it is not known
which mechanism(s) is primarily responsible for the
emergence of diabetes and whether there are any
clinical and/or biochemical markers present in an in-
dividual prior to exposure to the glucocorticoid which
would signal their risk of future glucose intolerance.

Normal glucose tolerant first-degree relatives of
NIDDM patients are likely to be at risk of develop-
ing glucose intolerance and diabetes following expo-
sure to glucocorticoids, which was already suggested
in a series of studies with the oral glucose tolerance
test (OGTT) in the mid-1950s by Fajans et al. [18]
Conn [19] and Rull et al. [20]. We have studied a
group of such individuals prior to and following
5 days of treatment with dexamethasone (dex) as
compared to a carefully age-, sex- and weight-mat-
ched control group of subjects with no family history
of diabetes. The frequently sampled intravenous

glucose tolerance test with the minimal model ap-
proach to analysis of the glucose and insulin profiles
[21, 22] was employed in order to simultaneously
measure the interplay between insulin secretion, in-
sulin sensitivity and the mass action effect of glucose
per se (glucose effectiveness) on glucose tolerance.

Our aim was twofold: first, to determine whether
the effect of dex on glucose tolerance differs between
relatives of NIDDM patients and subjects with no
family history of diabetes; and second, to delineate
which clinical and/or biochemical feature(s) present
in subjects prior to dex treatment would allow the
prediction of post-dex glucose intolerance and/or dia-
betes.

Subjects and methods

Subjects. First-degree relatives (children) of NIDDM patients
were traced through patients with verified NIDDM from the
Department of Endocrinology, Odense University Hospital.
Twenty subjects with at least two first-degree relatives with
NIDDM or one first degree relative and at least one second-
degree relative with NIDDM were included in the study. All
of the relatives had normal oral glucose tolerance and had not
been prescribed any medication known to influence glucose
homeostasis prior to the treatment with dex. The relatives
were matched according to age, sex, and BMI to a group of
normoglycaemic control subjects without any family history
of NIDDM and their clinical characteristics are given in Ta-
ble 1. Pre-dex data (see below) for the same study population
have previously been published [7].

Protocol. The subjects were studied on two occasions not more
than 3 weeks apart. First, subjects were examined without
medication (pre-dex) and second, subjects were examined dur-
ing treatment with dex (post-dex). On both occasions an oral
glucose tolerance test (OGTT) and an intravenous glucose tol-
erance test (IVGTT) were performed in the fasting state. For
the post-dex studies, 2 mg of dex was given twice daily for
5 days. On days 4 and 5, dex (2 mg) was given at 07.00 hours
and the OGTT or IVGTT performed at 09.00 hours. In order
to standardise the physical activity level between studies, the
subjects were admitted to the hospital in the evening on day 4
and served a light meal at 20.00 hours (the same procedure
was used the day before the IVGTT for the pre-dex study),
and dex was given at 23.00 hours.

The OGTT was performed by ingestion of 75 g glucose in a
liquid solution. Blood samples were obtained in the fasting
state (three samples) and for a total of 3 h following the glu-
cose load (15 samples). For the IVGTT a 25 % solution of glu-
cose was given i. v. over 60 s (300 mg/body weight, maximally
25 g) and multiple blood samples obtained in the fasting state
(4 samples) and for a total of 3 h following the i. v. glucose
load (26 samples) [7]. Blood samples were analysed for plasma
glucose and insulin concentrations, but for plasma C-peptide
concentrations in the fasting samples only.

Total fat mass (FM) and fat free mass (FFM) were estimat-
ed by the bioimpedance method [23] and the latter calculated
as the difference between body weight and FM. Body mass in-
dex (BMI) (body weight (kg)/height2 (m)) was also calculated.
Waist circumference was measured at the level of the umbili-
cus and the hip circumference at the level of the greater
trochanter. The protocol was approved by the local ethics
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committee and informed written consent was obtained from all
participants before testing.

Assays. Plasma glucose concentration was measured at the
bedside by the glucose oxidase method with a Glucose Analyz-
er (Beckman Instruments, Inc., Fullerton, Calif., USA). Blood
samples for plasma insulin were immediately centrifuged at
4 °C at the time of study and stored at ±20 °C until analysis
and concentrations measured by a double antibody radioim-
munoassay in duplicate (Kabi Pharmacia Diagnostics AB,
Uppsala, Sweden). Within-assay coefficient of variation was
5.6 %; inter-assay variation was 6.2 %; and cross-reactivity
with proinsulin was 40 %. Plasma C-peptide was measured by
a two-site, time-resolved immunofluorometric assay (DEL-
FIA, Wallac Oy, Turku, Finland) [24]. Triglyceride was mea-
sured by an enzymatic colorimetric method as was cholesterol
(Wako Chemicals GmbH, Neuss, Germany). HbA1 c was esti-
mated by HPLC (normal range 5.4 to 7.4 %).

Calculations. For the measurements of insulin and glucose sen-
sitivities and insulin secretion, the analysis of the IVGTT data
was based on Bergman's minimal model of glucose disappear-
ance [21] and insulin kinetics [22]. Glucose and insulin profiles
were analysed as formerly described using the program, Simu-
lation Analysis and Modelling (SAAM) together with the con-
versational part of the program (CONSAM) [25, 26]. This ap-
proach allows for the simultaneous measurements of the mod-
el parameters (Si, insulin sensitivity; Sg, glucose effectiveness
or sensitivity; é1 and é2, insulin secretory parameters) with-
out the use of intravenous tolbutamide [25]. Although first
(é1) and second phase insulin profiles (é2) were quantified
by the modelling procedure [22], the acute insulin response to
intravenous glucose (AIRglucose) was also calculated as the
mean of the incremental plasma insulin concentration above
basal from 0±10 min following the iv glucose bolus [27]. In ad-
dition, the acute 30-min insulin response to the OGTTwas cal-
culated as the incremental change in the OGTT plasma insulin
concentrations from 0' to 30' (DI30). The rate of intravenous
glucose disappearance (Kg), a measure of overall glucose tol-
erance, was determined as the least-square slope of the ln of
the glucose concentration between 12 and 30 minutes after
the glucose bolus. In order to decrease the ratio of unknown
variables in the minimal model equations to the number of

observations (plasma glucose and insulin concentrations) the
pre- and post-dex IVGTTs were modelled simultaneously as
previously described [25, 28]. In brief we analysed the glucose
and insulin profiles from the paired studies, fitting both models
simultaneously to the glucose and insulin data. This approach
optimizes the analysis so as to determine those parameter val-
ues common to both sets of data and those that are unique to
the experimental perturbation, and thus reduce the errors of
the estimated parameters [25, 28]. The rationale for this meth-
od of analysis is based on the minimal changes postulate of
Boston and Weber [29] as originally advanced by Berman [30].

Statistical analysis. The results are presented as mean ± SEM.
Differences between the groups were compared by Mann-
Whitney rank-sum test. Paired comparisons were performed
using the Wilcoxon matched-pairs signed-ranks test. None of
these analyses by non-parametric methods were altered if the
data were subjected to logarithmic transformation to norma-
lise the data and paired or unpaired t-test employed (data not
shown). Correlation analyses were performed using Spearman
rank sum correlation analysis. p-values of 0.05 or less were con-
sidered significant.

Results

Pre-dex anthropometric measurements including
waist-hip ratio (WHR), basal lipid status and fasting
insulin values were similar in both groups apart from
fasting glucose and fasting C-peptide which were sig-
nificantly higher in the relative group (Table 1) as
previously reported [7]. After exposure to dex the
only variables to change were significant rises in fast-
ing plasma glucose and HDL cholesterol (p < 0.05),
and insulin and C-peptide levels (p < 0.005) for both
the relative and control groups (Table 1).

Plasma glucose and insulin concentrations ob-
tained during the OGTT before and during dex treat-
ment are shown in Figure 1. No differences in the pre-
dex OGTT plasma glucose concentrations existed

J.E. Henriksen et al.: Steroid-induced diabetes in NIDDM relatives 1441

Table 1. Physical characteristics of the study subjects before and during dex treatment

Relatives Control subjects

Pre Post Pre Post

n of subjects (female, male) 20 (8/12) 20 (8/12)
Age (years) 29.4 ± 1.7 29.4 ± 1.7
Waist-hip ratio (%) 0.88 ± 0.02 0.89 ± 0.02
HbA1c (%) 6.17 ± 0.13 6.12 ± 0.08
BMI (kg/m2) 25.1 ± 1.0 25.1 ± 1.1 25.1 ± 0.9 25.0 ± 0.9
Weight (kg) 76.6 ± 3.3 76.7 ± 3.6 78.8 ± 4.0 78.7 ± 4.1
Fat free mass (kg) 56.5 ± 2.8 56.1 ± 3.2 58.3 ± 2.8 57.9 ± 3.1
Fat mass (kg) 20.1 ± 1.9 20.6 ± 2.0 20.6 ± 2.2 20.8 ± 2.2
Fat mass/Fat free mass ratio (%) 37 ± 4 39 ± 4 36 ± 4 38 ± 4
Triglyceride (mmol/l) 1.11 ± 0.13 1.06 ± 0.09 0.96 ± 0.07 1.09 ± 0.07
Cholesterol (mmol/l) 5.05 ± 0.25 5.16 ± 0.29 4.57 ± 0.19 4.63 ± 0.17
HDL cholesterol (mmol/l) 1.31 ± 0.07 1.50 ± 0.08a 1.26 ± 0.06 1.37 ± 0.08a

LDL cholesterol (mmol/l) 3.25 ± 0.26 3.17 ± 0.30 2.90 ± 0.20 2.77 ± 0.17
Fasting glucose (mmol/l) 5.41 ± 0.08 5.70 ± 0.12b 5.16 ± 0.08c 5.38 ± 0.06a,c

Fasting insulin (pmol/l) 45.6 ± 3.0 97.2 ± 9.0b 41.4 ± 3.0 81.6 ± 5.4b

Fasting C-peptide (pmol/l) 601 ± 34 1097 ± 57b 480 ± 32c 1018 ± 48b

Values are mean ± SEM. Normal range of HbA1c 5.4±7.4 %.
a p < 0.05; b p < 0.005 vs pre-dex value; c p < 0.05 control subjects vs relatives



between relatives and control subjects (Fig.1). Dur-
ing treatment with dex glucose tolerance deteriorated
in both groups, but post-dex a separation of the con-
trol subjects from the relatives occurred (Fig.1).
When the individual 2-h plasma glucose concentra-
tions before and during dex treatment were plotted,
a clear difference between control subjects and rela-
tives is evident (Fig.2). First, the distributions of the
2-h plasma glucose concentrations during dex are sig-
nificantly different in the two groups, with a number

of relatives having higher glucose levels and three
subjects lower levels (Fig.2) (F-test, p < 0.05), al-
though no difference existed between the groups
with respect to the mean 2-h plasma glucose concen-
tration during dex treatment. Second, post-dex, seven
relatives had plasma glucose concentrations greater
than the highest concentration observed for the con-
trol subjects (Fig.2), with four of these relatives hav-
ing glucose levels in the World Health Organization
(WHO) diagnostic range for diabetes. However, de-
spite these differences in the post-dex plasma glucose
OGTT profiles, post-dex mean plasma insulin con-
centrations in control and relative subjects were simi-
lar in both groups (Fig.1).

Similar to the post-dex OGTT glucose and insulin
profiles, post-dex a small increase was observed in
the IVGTT plasma glucose concentrations but a large
increase occurred in the plasma insulin concentra-
tions compared to the pre-dex values for both relative
and control groups. No differences were evident in in-
sulin profiles between relatives and control subjects
post-dex, and the intravenous glucose tolerance index
Kg was similar in relative and control groups both
pre- and post-dex (Table 2). Nevertheless from the
minimal model analysis of the FSIGT glucose effec-
tiveness (Sg) was significantly increased in the rela-
tives compared to the control subjects before treat-
ment with dex [7], and post-dex Sg remained signifi-
cantly raised in the relative group (Table 2), with no
change in Sg in either group after exposure to dex
(Table 2). In contrast, despite the higher Si in the con-
trol group pre-dex compared to the relative group
(0.80 ± 0.10 vs 0.58 ± 0.07 10±4 min±1 per pmol/l,
p = 0.05) Si fell significantly in both groups post-dex
and were in absolute terms similar to each other
post-dex (Table 2). It was noted that subjects with
the highest pre-dex Si seemed to have the most
marked relative reduction in Si during dex, which
was confirmed by a significant correlation between
the pre-dex Si and the fall in Si (pre-dex Si minus
post-dex Si)(R = 0.86, p < 0.00001, n = 40). First
phase insulin release, whether expressed as acute in-
sulin response to glucose (AIRglucose), the model pa-
rameter é1, or the acute insulin response to the
OGTT (DI30), and the model derived second phase
insulin responsiveness (é2), were markedly in-
creased in both groups post-dex (Table 2). However,
the glucose assimilation index (Si × é1), which is a
measure of total insulin mediated glucose disposal
[7, 31], was significantly lower in the relatives post-
dex, but the decrement in response to dex was similar
for both groups (Table 2).

As noted above, the heterogeneity of responses to
dex for glucose tolerance in the relative group reveal-
ed an apparent subgroup of seven relatives, who had
2-h OGTT plasma glucose concentrations above
those found in the control group (Fig.2). This sub-
group (hyper-rel) was therefore further examined
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Fig.1. Plasma glucose and insulin concentrations in relatives
of NIDDM patients (triangles) and in control subjects (circles)
during the OGTT before (closed symbols) and during (open la-
bels) dex treatment. Values are mean ± SEM

Fig.2. Two-hour plasma glucose concentration during the
OGTT before and during dex treatment



with respect to the interplay between glucose effec-
tiveness, Si and insulin secretion and was compared
to the normoglycaemic relatives (norm-rel, n = 13)
and control group (Con, n = 20) (Table 3). No statisti-
cal differences in Kg and Sg between any of the sub-
groups were noted pre- and post-dex although Sg re-
mained 20% higher in both relative subgroups com-
pared to the control group (Table 3). However, first
phase insulin release, expressed as either AIRglucose

or the minimal model derived é1, or the OGTT
DI30, was significantly reduced by about 50% in
the hyper-rel subgroup compared to the norm-rel

subgroup of the relatives and the control group, both
pre- and post-dex (Fig.3 and Table 3). A similar
50% reduction was also noted for the glucose assimi-
lation index (Si × é1) for the hyper-rel subgroup pre-
and post-dex (Table 3). Furthermore, a dex-induced
approximate twofold incremental rise in first phase
insulin release (AIRglucose, é1 or DI30) was clearly ev-
ident in the norm-rel and control groups (p < 0.001)
but no significant increase was observed in the hy-
per-rel group (Table 3). Finally, as mentioned above,
three relatives of the norm-rel subgroup had a lower
2-h post-dex plasma glucose concentration than the
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Table 2. Glucose and insulin kinetic parameters derived from the frequently sampled intravenous glucose tolerance test and OGTT
obtained during dex treatment and changes from baseline in relatives of NIDDM subjects and in control subjects

Relatives Control subjects

Dex Change Dex Change

Kg (10−2 min±1) 1.39 ± 0.10 −0.21 ± 0.14 1.42 ± 0.11 ±0.17 ± 0.12
Sg (10−2 min−1) 1.95 ± 0.13 0.02 ± 0.07 1.44 ± 0.13e −0.08 ± 0.09
Si (10−4 min−1 per pmol/l) 0.30 ± 0.04 −0.28 ± 0.08b 0.34 ± 0.04 −0.46 ± 0.09d

AIRglucose (pmol/l) 283 ± 40 197 ± 35d 307 ± 48 253 ± 50d

DI30 (pmol/l) 301 ± 49 165 ± 37c 278 ± 41 134 ± 33c

é1 (pmol ⋅ l−1 ⋅ min−1 per mg/dl) 39.1 ± 6.0 17.8 ± 3.6c 45.9 ± 6.7 21.1 ± 4.0d

é2 (pmol ⋅ l−1 ⋅ min−2 per mg/dl) 91.9 ± 10.7 30.2 ± 9.4a 91.5 ± 21.7 48.8 ± 13.3c

Si × é1 (10−4 ⋅ min−2 per mg/dl) 10.06 ± 1.80 −1.40 ± 2.28 14.38 ± 1.70e −2.33 ± 1.20

Values are mean ± SEM. Kg, Intravenous glucose tolerance
index; Sg, glucose effectiveness; Si, insulin sensitivity index;
AIRglucose, acute insulin response to glucose; é1, first phase in-
sulin responsiveness; é2, second phase insulin responsiveness;
Si × é1, glucose assimilation index.

a p < 0.01; b p < 0.005; c p < 0.0005; d p < 0.0001 different from
zero; e p < 0.05 control subjects vs relatives

Table 3. Glucose and insulin kinetic parameters derived from the frequently sampled intravenous glucose tolerance test obtained
before and during dex treatment in hyperglycaemic and normoglycaemic relatives and in control subjects

Relatives Control subjects

Hyperglycaemic Normoglycaemic

Pre-dex values
Kg (10−2 min−1) 1.33 ± 0.16 1.74 ± 0.19 1.59 ± 0.17
Sg (10−2 min−1) 1.83 ± 0.31 1.98 ± 0.54 1.52 ± 0.16
Si (10−4 min−1 per pmol/l) 0.65 ± 0.10 0.54 ± 0.10 0.80 ± 0.10
DI30 (pmol/l) 78 ± 18 167 ± 25c 114 ± 16a

AIRglucose (pmol/l) 177 ± 47 340 ± 50c 307 ± 48
é1 (pmol ⋅ l−1 ⋅ min−1 per mg/dl) 12.5 ± 3.5 26.2 ± 4.0c 24.8 ± 3.7a

é2 (pmol ⋅ l−1 ⋅ min−2 per mg/dl) 57.5 ± 7.3 63.8 ± 8.9 54.7 ± 10.3
Si × é1 (10−4 min−2 per mg/dl) 7.52 ± 2.47 13.58 ± 2.99 16.72 ± 1.97a

Post-dex values
Kg (10−2 min−1) 1.23 ± 0.18 1.48 ± 0.11 1.42 ± 0.49
Sg (10−2 min−1) 1.90 ± 0.29 1.98 ± 0.23 1.44 ± 0.13
Si (10−4 min−1 per pmol/l) 0.30 ± 0.07 0.30 ± 0.06 0.34 ± 0.04
DI30 (pmol/l) 182 ± 57 366 ± 64c 278 ± 41
AIRglucose (pmol/l) 322 ± 82 565 ± 60 560 ± 90a

é1 (pmol ⋅ l−1 ⋅ min−1 per mg/dl) 22.2 ± 17.9 48.2 ± 26.8c 45.9 ± 6.7a

é2 (pmol ⋅ l−1 ⋅ min−2 per mg/dl) 82.7 ± 46.0 96.8 ± 13.9 103.5 ± 21.7
Si × é1 (10−4 min−2 per mg/dl) 5.50 ± 1.15 12.52 ± 2.47c 14.38 ± 1.70b

Values are mean ± SEM. Kg, Intravenous glucose tolerance in-
dex; Sg, glucose effectiveness; Si, insulin sensitivity index;
DI30, acute insulin response to oral glucose; AIRglucose, acute
insulin response to IV glucose; é1, first phase insulin respon-
siveness; é2, second phase insulin responsiveness; Si × é1,
glucose assimilation index.

a p < 0.05, b p < 0.005, control subjects vs hyperglycaemic rela-
tives, c p < 0.05, normoglycaemic relatives vs hyperglycaemic
relatives



lowest concentration observed in the control group.
These relatives with respect to pre- and post-dex insu-
lin secretion were characterised by very high first
phase insulin secretion both pre- and post-dex (pre-
dex AIRglucose: 439 ± 59 pmol/l, post-dex AIRglucose:
743 ± 152 pmol/l, pre-dex OGTT DI30: 315 ± 3 pmol/l
and post-dex OGTT DI30: 554 ± 103 pmol/l) as com-
pared to the control group (Table 3), whereas Si in
the three relatives was reduced (0.33 ± 0.07 ⋅ 10±4

min±1 per pmol/l) prior to treatment with dexametha-
sone, indicating an effective preservation of a normal
acute phase insulin release compared to Si relation-
ship in these three relatives [32]. To gain further in-
sight into the interrelationship between Si and é1,
we plotted the mean Si index against the mean values
of é1 in the hyper-rel and norm-rel subgroups of the

relatives and the control group (Fig.4). The dotted
lines in Figure 4 indicate the upper and lower range
of the 95% confidence limit for the pre-dex control
group which represent the limits of the appropriate-
ness of the insulin response to the prevailing Si of
the control subjects; as explained below, it does not
indicate normality of glucose tolerance. Following ex-
posure to dex Si was significantly decreased in the
control subjects and this was almost completely com-
pensated for by the increase in the first phase insulin
responsiveness i. e. remained in the normal range
(open circle, Fig.4). As reported previously [7] rela-
tives before treatment with dex are characterised by
a reduced Si and inappropriate é1 for their prevail-
ing Si and lie just below the normal range (represent-
ed here by solid triangle (norm-rel) and solid square
(hyper-rel) in Fig.4). Following dex exposure an im-
portant difference emerged in these two subgroups
of relatives despite a similar degree of dex-induced
insulin insensitivity (Fig.4, open square and open tri-
angle, respectively). In the hyper-rel subgroup of the
relatives a failure of the é1 to respond to dex (open
square, Fig.4). In contrast the norm-rel subgroup
had an appropriate é1 response comparable to con-
trol subjects, and é1 remained very close to the nor-
mal range (open triangle, Fig.4). Thus, first phase in-
sulin release é1 and the glucose assimilation index
(Si × é1) are central factors in the development of
the raised 2-h OGTT glucose levels noted in the hy-
per-rel subgroup of the relatives post-dex. Interest-
ingly, the key clinical characteristics present in the
hyper-rel subgroup before exposure to dex were a
higher fasting serum triglyceride concentration
(1.53 ± 0.28 vs 0.88 mmol/l, p < 0.01) and a higher
LDL/HDL cholesterol ratio (3.21 ± 0.42 vs
2.51 ± 0.55, p < 0.05) as compared to the norm-rel
subgroup.

Finally, because of the arbitrary nature of the defi-
nition of the relative subgroups, we examined as a
continuum the relationships between the post-dex 2-
h OGTT plasma glucose level and the pre-dex fasting
triglyceride (r = 0.50, p < 0.03), the pre-dex AIRglucose

(r = ±0.45, p < 0.05) and the pre-dex OGTT DI30

(r = ± 0.68, p < 0.001) in the relative group as a whole
and these were all significant. This was not so for the
control group. When these data were subjected to
multiple regression analysis with the dependent vari-
able being the post-dex 2-h OGTT plasma glucose
concentration, and the independent variables being
the pre-dex clinical characteristics of the subjects
and the parameters from the IVGTT, the pre-dex
fasting triglyceride concentration and AIRglucose

were significant determinators of the post-dex 2-h
OGTT plasma glucose concentration in the relative
group (2-h glucose = 5.7 + 4.27 × triglyceride ±
0.0062 × AIRglucose, R2 = 0.56). Moreover, on repeat-
ing the regression analysis with the pre-dex DI30

from the OGTT rather than the AIRglucose,the predex
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fasting triglyceride concentration and the DI30 re-
mained significant determinators of the 2-h post-dex
plasma glucose concentration (2-h glucose = 7.29 +
3.52 × triglyceride ± 0.019 × DI30, R2 = 0.69) in the rel-
atives.

Discussion

More than 40 years ago Fajans et al. [18] suggested
that a single-dose cortisone-modified oral glucose tol-
erance test (cortisone-GTT) could be a tool by which
relatives of NIDDM patients could be separated into
relatives prone to develop diabetes and those who
are not. Later they reported that prospectively (7-
year follow-up) 35% of their relatives initially inves-
tigated with cortisone induced glucose intolerance
had developed diabetes whereas only 2 % of the rela-
tives with an initially negative response to the corti-
sone-GTT did so [19]. Moreover, they showed that
relatives with a positive cortisone-GTT had reduced
and delayed insulin response during the cortisone-
GTT compared to the relatives with a negative re-
sponse [20].

We have previously reported that non-diabetic rel-
atives of NIDDM patients have reduced Si compared
to control subjects, and that first phase insulin respon-
siveness is reduced relative to their Si despite normal
oral and intravenous glucose tolerance [7]. We postu-
lated that these insulin-resistant relatives of NIDDM
patients maintain ªnormalº glucose tolerance be-
cause of their significantly increased glucose effec-
tiveness (glucose mediated glucose disposal) com-
pared to the control subjects. Thus, given the previous
suggestion of Fajans et al. [18] that a short period of
exposure to glucocorticoids could be helpful in dis-
criminating between relatives prone to develop dia-
betes and those who are not, it was important to de-
termine the mechanism(s) ± altered insulin secretion,
Si or glucose effectiveness or a combination of these
parameters ± responsible for deterioration in glucose
tolerance following exposure to dex. Dex was chosen
because it is known to induce insulin resistance via
an inhibition of glucose uptake [13] and reduction in
the glucose storage pathway [14] and to attenuate
the expected beta-cell response to insulin resistance
[16, 17]. Our hypothesis was that dex treatment could
unmask relatives who had the genetic susceptibility
either to worsen their insulin resistance and/or to de-
compensate Si leading to the development of glucose
intolerance. Thus, we wished to mimic the stress of
ªtimeº on the biological system in these subjects.
That is, the reduced Si induced by the dex treatment
and its potential to limit the beta-cell response to
this stress [17] could parallel the changes observed
over time with increasing age, obesity and sedentary
lifestyle, including the phenomena of ªfatigueº of
the beta cell.

In the present study we demonstrated that expo-
sure to dex for 5 days could separate a subgroup of
relatives of NIDDM patients from subjects with no
family history of diabetes. Of the 20 relatives studied,
7 had a higher 2-h post-dex OGTT plasma glucose
concentration than the highest noted for the control
group. Four of these subjects developed transient dia-
betes according to the WHO criteria (all subjects re-
turned to normal glucose tolerance when re-exam-
ined 1 week after the discontinuation of dexametha-
sone). These seven relatives with severe glucose intol-
erance during dex treatment had a lower insulin
secretory capacity and glucose assimilation index
(Si × é1) than the control subjects and the ªnormo-
glycaemicº relatives both before and during dex
treatment. Importantly the deterioration of their glu-
cose tolerance with dex treatment occurred despite
the persistent raised glucose effectiveness (Sg) both
pre- and post-dex.

In the pre-dex situation, oral and intravenous glu-
cose tolerance are comparable in the relatives and
control subjects, but the mechanism underpinning
the normal glucose tolerance differs between rela-
tives and control subjects. For the former group, glu-
cose mediated glucose disposal is more pronounced,
representing about 64% of overall glucose disposal,
whereas insulin mediated glucose disposal is more
important in the control subjects representing 58%
of glucose disposal [7]. In response to dexametha-
sone, glucose effectiveness (glucose mediated glucose
disposal) did not change in either of the relative
groups, and their raised ªprotectiveº glucose effec-
tiveness remained during dex treatment despite the
development of glucose intolerance. It therefore
could be speculated that either the increased pre-dex
glucose mediated glucose disposal in the relatives is
maximally compensating before treatment with dex
or that the physiologic mechanism behind the in-
creased glucose mediated glucose disposal cannot
adapt during a short period of dex exposure and
worsening insulin resistance. Other studies have pre-
viously shown in normal healthy subjects that glucose
mediated glucose disposal is not influenced by short
term glucocorticoids, either when measured by the
hyperglycaemic clamp at ªzeroº insulin [33] or more
recently when measured by the minimal model analy-
sis of the IVGTT [17, 34]. Following dexamethasone
treatment fasting plasma glucose concentration in-
crease a similarly in both groups, which would be
consistent with an increased hepatic glucose pro-
duction during dexamethasone treatment in both
groups [11, 35]. With the minimal model frequently
sampled intravenous glucose tolerance analysis it is,
however, impossible to ascertain whether there was
any difference in hepatic glucose production between
relatives and control subjects, as the technique does
not separate glucose mediated glucose disposal into
its two major components [7, 28]; i. e. the effect of
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hyperglycaemia itself to enhance peripheral glucose
uptake and suppress hepatic glucose production [31,
36]. Nevertheless, regardless of whether dexametha-
sone induced either hepatic insulin or hepatic glucose
resistance, whole body Sg was unchanged in both the
relatives and control subjects.

The mechanism of glucocorticoid-induced insulin
resistance has been studied extensively [13]. Insulin
mediated peripheral glucose disposal is markedly im-
paired [13] at a post-insulin receptor level. Both oxi-
dative and non-oxidative pathways of glucose dispos-
al are reduced by glucocorticoids [14], with an accom-
panying reduction of muscle glycogen synthase activ-
ity [15]. Furthermore glucocorticoids also induce he-
patic insulin resistance [13]. Thus, the insulin resist-
ance induced by glucocorticoids has some resem-
blance to that seen in established NIDDM patients
[37]. In the current study, in response to dex in both
the relative and control groups, the insulin sensitivi-
ties were severely reduced but to a similar level even
though the Si was significantly higher in the control
subjects before treatment. This was reflected by the
significant correlation between the fall in Si and the
pre-dex Si in all subjects, as noted also by others
[33]. Thus, post-dex, the beta cell was ªstressedº by
the same degree of insulin resistance, i. e. between
0.2 and 0.4 10−4 ⋅ min±1 per pmol/l (Fig.4), in all sub-
jects, and yet glucose tolerance deteriorated more no-
tably in only a subset of seven relatives (Fig.2). These
seven subjects did not differ from either the ªnormo-
glycaemicº relatives or the control subjects with re-
gard to Si before or after dex. Rather, first phase insu-
lin secretion (é1) and acute insulin response to i. v.
glucose (AIRglucose) and oral glucose (DI30) were sig-
nificantly reduced in absolute terms in these hyper-
glycaemic relatives compared to the normoglycaemic
relatives and the control subjects after exposure to
dex. However, even more importantly, their acute
phase insulin release was also reduced before treat-
ment with dex. This is well illustrated in Figure 4
where the hyperbolic relationship [27, 32] between
Si and insulin secretion is shown. In response to dex
the normoglycaemic relatives and the control sub-
jects almost completely compensated for the dex-in-
duced insulin resistance by an appropriate increase
of insulin secretion as shown by the open triangle
and circles respectively. In contrast, the hyperglycae-
mic relatives could not increase insulin secretion to a
sufficient extent post-dex and are located well away
from the normal range insulin secretion/Si curve
(open square), which contributes to their decreased
oral glucose tolerance during dex. Thus, when the glu-
cose assimilation index is calculated, which is a mea-
sure of whole body insulin mediated glucose disposal
[27, 32], the hyperglycaemic relatives were found to
have a decreased value, again both before and during
dex treatment. However, the decrease in insulin
mediated glucose disposal in the hyperglycaemic

relatives as reflected by the reduced glucose assimila-
tion index is solely explained by the decreased pre-
and post-dex first phase insulin responsiveness (é1).

Several studies have reported insulin resistance
and hyperinsulinaemia in normoglycaemic relatives
of NIDDM patients [4, 6, 38, 39], whereas only a few
studies have reported the presence of hypoinsulin-
aemia [7, 10, 40, 41], including our recent study of
identical twins discordant for NIDDM [9]. However,
most studies have not taken into account the prevail-
ing insulin resistance when examining the insulin re-
sponse [7, 42]. Prospective studies regarding the de-
velopment of NIDDM in genetically prone individu-
als are also conflicting [5, 8]. In a longitudinal study
by Martin et al. [5] a low initial Si and a low glucose
effectiveness were predictors of future NIDDM,
whereas hypoinsulinaemia was not, but insulin secre-
tion was not corrected for the insulin resistance of
the subjects. More recently, it was demonstrated that
a low insulin response, corrected for insulin resist-
ance and obesity, was a separate predictor of future
NIDDM in Pima Indians [8], who are known general-
ly to be hypersecretors of insulin (corrected for their
insulin resistance) as a population group [8]. Further-
more, in a study by Haffner et al. [43] a low OGTT
DI30/G30 corrected for fasting insulin concentration
was found to be a predictor of future impaired glu-
cose treatment. These latter studies therefore support
our finding that failure of the beta cell to respond to
the dex-induced insulin resistance is a key factor in
the development of glucose intolerance and is possi-
bly ªgeneticallyº pre-determined. This conclusion is
also supported by our observation that before expo-
sure to dex there was a decreased insulin mediated
glucose disposal in the relatives, as defined by
Si × é1, which was compensated for by the enhanced
glucose mediated glucose disposal [7]. In addition,
with the stress of dex-induced severe insulin resist-
ance, absolute first phase insulin secretion was not in-
creased to a sufficient degree in the hyperglycaemic
relatives and, because the glucose-mediated glucose
disposal (Sg) compensatory mechanism failed to in-
crease further it was unable to overcome the worsen-
ing insulin mediated glucose disposal (Si × é1), glu-
cose tolerance decreased in these relatives. However,
from the present data it is not possible to conclude
whether the inability of the beta cell to respond to
dex-induced acute stress is an inherited defect or
not. In a recent study of Wajngot et al. [44] dex was
shown to be more diabetogenic in low insulin re-
sponders, as determined by a fixed glucose infusion,
than in high insulin responders [44]. Although these
subjects were not characterised with regard to family
history for diabetes, the authors concluded that the
magnitude of the insulin response during dex treat-
ment might allow a differentiation by low insulin re-
sponse of those subjects who may have an increased
risk of NIDDM [44]. Recently [17] it was shown in
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normal subjects without any family history of NID-
DM that dex treatment at two different doses (6 or
18 mg in total for 3 days) produced nearly equal re-
ductions in Si. At the low dose no significant change
occurred in the Kg value whereas at the high dose
(which was nearly identical to the total 20-mg dose
used in the present study) a significant fall was ob-
served in the Kg value. The latter was solely ex-
plained by a reduction in the insulin response to the
prevailing insulin resistance, but none of these nor-
mal subjects without a family history of NIDDM de-
veloped severe glucose intolerance during the high
dex dose [17]. In the present study, our hyper-rel sub-
group of the relatives had a greater reduction in insu-
lin secretion as compared to the former study [17]
and therefore these relatives developed severe glu-
cose intolerance or frank diabetes. Furthermore, in a
study by Ekstrand et al. [45] in steroid-treated kidney
transplant patients a decreased insulin secretion was
noted only in those patients who developed diabetes
after the transplantation, and a higher proportion of
these ªdiabeticº patients had a positive family history
for NIDDM as compared to the transplant patient
who did not develop diabetes after transplantation
[45]. Nevertheless, from the current cross-sectional
study, it is not possible to conclude that our dex-in-
duced hyperglycaemic relatives of NIDDM are at
risk of developing future overt NIDDM. Prospective
studies of such individuals are required but the earlier
studies of Fajan et al. [18], Conn and Fajans [19] and
Rull et al. [20] might support that these hyperglycae-
mic relatives are at increased risk.

At the clinical level, the relatives who developed
severe glucose intolerance during dex treatment
were noted to have significantly elevated pre-dex
fasting triglyceride concentration and LDL/HDL ra-
tio. Interestingly, when the significant positive corre-
lation between the pre-dex fasting triglyceride level
and the post-dex 2-h OGTT plasma glucose concen-
tration in the relatives was combined with the re-
duced pre-dex AIRglucose and OGTT DI30 acute phase
insulin release in a multiple regression model of inde-
pendent predictors of dex-induced raised 2-h OGTT
glucose levels, a strong relationship was noted in the
relatives, with a prediction capability of around 60±
70%.

In conclusion, glucose tolerance of normoglycae-
mic relatives of NIDDM patients responds different-
ly to dex treatment, as compared to subjects without
any family history of diabetes. On exposure to dex
about 35 % of relatives developed transient glucose
intolerance which was due primarily to a reduced ab-
solute insulin secretory response to the insulin resist-
ance, despite a similarly reduced Si in relatives and
control subjects following exposure to dex. Impor-
tantly the reduced insulin secretory capacity was
present in susceptible relatives both before and after
dex treatment. Although former studies [19] have

indicated that a normal insulin response to steroids
is associated with a markedly reduced risk of future
NIDDM, it remains to be determined whether an
acute dex test is able to predict prospectively those
relatives of NIDDM patients who are at risk or not
of developing future diabetes. It does, however, ap-
pear that the beta cell is a key player in the develop-
ment of future diabetes.
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