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We have previously described that serum corticosteroid binding globulin (CBG) concentrations are associated with insulin

secretion. The present study was designed to evaluate the effects of changing insulin concentrations, both endogenous and

after exogenous insulin administration, on circulating CBG levels in vivo. Serum CBG concentrations were measured during

an insulin-modified frequently sampled intravenous (IV) glucose tolerance test (FSIVGT) in 14 lean and 19 obese otherwise

healthy subjects with varying degrees of glucose tolerance. Acute insulin response to glucose (AIRg) correlated significantly

with serum CBG concentrations at time 0 (r 5 -.38, P 5 .029), 22 minutes (r 5 -.41, P 5 .01), 50 minutes (r 5 -.41, P 5 .01), and

180 minutes (r 5 -.39, P 5 .02). Insulin sensitivity (SI) was not associated with serum CBG concentration at time 0 (r 5 -.16,

P 5 not significant [NS]), but correlated significantly with CBG concentration at 22 minutes (r 5 -.41, P 5 .02) and 50 minutes

(r 5 -.35, P 5 .048) of the FSIVGT. In lean subjects, serum CBG concentration decreased significantly after IV insulin from

37.9 6 5.4 to 35.4 6 3 mg/L (P 5 .02) and returned to basal levels thereafter. In contrast, obese, glucose-tolerant subjects had

lower CBG levels than lean and obese glucose intolerant subjects (33.8 6 3.0 v 37.9 6 5.4 and 39.8 6 4.4 mg/L, respectively),

and their serum CBG concentrations remained unchanged during FSIVGT. Mean serum-free insulin-like growth factor-I (IGF-I)

concentrations steadily declined from 1.21 6 0.81 to 0.8 6 0.36 mg/L during the FSIVGT, and this effect was restricted to lean

subjects. Basal serum-free IGF-I did not correlate with CBG levels at time 0, but correlated inversely with the serum CBG

concentrations at 22 minutes (r 5 -.36, P 5 .04). Stepwise multivariant analysis showed that AIRg (P 5 .035) and SI (P 5 .046),

but not free IGF-I levels, independently contributed to 28% of CBG variance at 22 minutes. These results suggest that insulin,

but not IGF-I, constitutes an important negative regulator of CBG liver synthesis. Endogenous and exogenous insulin do not

affect serum CBG concentrations in insulin-resistant obese subjects with preserved or decreased insulin secretion. Obese

glucose-tolerant subjects are hypothesized to exhibit tonically inhibited serum CBG levels. In contrast, in lean subjects, the

higher the insulin secretion the lower the serum CBG concentration. The mechanisms of this CBG inhibitory effect exerted by

insulin and its implication on cortisol homeostasis and fat distribution in humans await further investigations.

Copyright © 2001 by W.B. Saunders Company

ABNORMALITIES IN hypothalamic-pituitary-adrenal axis
and cortisol production have been found to predict car-

diovascular disease and type 2 diabetes.1 Low variability and
morning cortisol values, a poor lunch-induced cortisol re-
sponse, and a blunted dexamethasone suppression of cortisol
intercorrelated with classical risk factors for cardiovascular
disease and type 2 diabetes mellitus in a recent study.1 Corti-
costeroid binding globulin (CBG) is the major blood transport
protein for cortisol in humans.2,3 The regulation of CBG syn-
thesis by liver, the main source of CBG in humans, is not
well-known. Changes in diet composition may alter both insu-
lin secretion and plasma CBG concentration.4 The inhibitory
effects of insulin and insulin-like growth factor-I (IGF-I) on
CBG synthesis have been demonstrated in human hepatoblas-
toma-derived (HepG2) cells,5 but little attention has been de-
voted to possible relationships of insulin and IGF-1 with cir-
culating CBG levels in humans. De Moor et al6 had reported in
1962 that some patients with uncomplicated obesity who also

show a low morning plasma cortisol level have marked de-
crease in CBG binding capacity.

Circulating cytokines, such as interleukin-6 (IL-6), may af-
fect both insulin sensitivity (SI)7 and CBG concentrations.8-10

IL-6 also decreased CBG synthesis by HepG2 cells.11,12Serum
CBG concentration seems to be related to glucose homeostasis.
In a recent study, we found that CBG levels were associated
with fasting glucose (positively) and with the insulin response
to intravenous (IV) glucose (negatively).13 Both insulin and
IGF-1 concur to maintain normal glucose levels,14 and IGF-1,
especially in the fasting state, exerts a tonic effect on glucose
homeostasis.15 In lean subjects, circulating free IGF-I concen-
trations change inversely with fasting blood glucose and, inter-
estingly, IGF-I levels decrease during a frequently sampled
intravenous glucose tolerance test (FSIVGT).16 In the present
study, we investigated the effects of acute changes in plasma
glucose, insulin, and IGF-1 levels during an insulin-modified
FSIVGT on serum CBG concentrations in obese and nonobese,
healthy men and women.

SUBJECTS AND METHODS

Study Population

Three groups of subjects were prospectively studied: 14 lean (L), 9
obese (Ob), and 10 obese subjects with glucose intolerance (Ob-Intol).
Inclusion criteria were: (1) body mass index (BMI) (weight in kilo-
grams divided by the square of height in meters) greater than 30 and
less than 40 kg/m2 for obese and less than 27 (men) or less than 25
kg/m2 (women) for lean subjects, (2) absence of any systemic disease,
and (3) absence of any infections in the previous month. None of the
subjects were taking any medication (including glucocorticoids or
estrogens) or had any evidence of metabolic disease other than obesity.
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The subjects reported that their body weight had been stable for at least
3 months before the study; they were normotensive and normolipemic
(the latter data is not shown) with normal liver and thyroid function that
were checked by normal biochemical workup. The women in this study
had regular menstrual cycles; they were investigated on days 3 to 8 of
2 consecutive menstrual cycles. The protocol was approved by the
Hospital Ethics Committee, and informed consent was obtained from
each subject.

Procedures

The subjects’ waists were measured with a soft tape midway be-
tween the lowest rib and the iliac crest. The hip circumference was
measured at the widest part of the gluteal region. Blood pressure was
measured in the supine position on the right arm after a 10-minute rest;
a standard sphygmomanometer of appropriate cuff size was used, and
the first and fifth phases were recorded. The subjects were required to
consume a weight-maintaining diet containing at least 300 g of carbo-
hydrate per day and refrained from exertion for 3 days before the study.
The subjects also abstained from caffeine and alcohol for 72 hours
before the tests. An oral glucose tolerance test (OGTT) was performed
according to the recommendations of the National Diabetes Data
Group.17 After a 12-hour overnight fast, glucose was ingested in a dose
of 75 g, and blood samples were collected through a venous catheter
from an antecubital vein at 0, 30, 60, 90, and 120 minutes for mea-
surement of serum glucose.

SI was analyzed using the insulin-modified FSIVGT with minimal
model analysis as described elsewhere.13 In brief, the experimental
protocol started between 8:00 and 8:30AM after an overnight fast. A
butterfly needle was inserted into an antecubital vein, and patency was
maintained with a slow saline drip. Basal blood samples were drawn at
-30, -10, and -5 minutes, after which glucose (300 mg/kg body weight)
was injected over 1 minute starting at time 0. Regular insulin (0.03
U/kg) was injected at 20 minutes. Additional samples were obtained
from a contralateral antecubital vein until 180 minutes.

The serum glucose level during the FSIVGT was measured in
duplicate by the glucose oxidase method with a glucose analyzer 2
(Beckman, Brea, CA). The coefficient of variation was 1.9%. The
serum insulin level during the FSIVGT was measured in duplicate by
monoclonal immunoradiometric assay (IRMA; Medgenix Diagnostics,
Fleunes, Belgium). The lowest limit of detection was 4.0 mU/L. The
intraassay coefficient of variation was 5.2% at a concentration of 10
mU/L and 3.4% at 130 mU/L. The interassay coefficients of variation
were 6.9% and 4.5% at 14 and 89 mU/L, respectively.

CBG and Free IGF-I Measurements

The protein concentration of CBG was measured by using a radio-
immunoassay as previously described.7 We included in each of the 6
CBG immunoassays of this study 3 samples with different concentra-
tions of CBG for calculating the interassay variability: 376 2, 486 3,
and 1166 11 (6 SD) giving respective variability of 5.4%, 6.2%, and
9.4%.

Free IGF-I was determined at times 0, 19, 22, 50, 100, and 180
minutes. These times were selected according to the study by Nyomba
et al.16 We used the 2-site immunoradiometric assay (IRMA) kit
(Diagnostic Systems Laboratories; Webster, TX) ) for measuring free
(or freely dissociated) IGF fraction. This method is highly sensitive and
has been used as a direct assay to measure the dissociable fraction of
IGF-I, which is considered the free IGF-I fraction. The detection limit
was 0.03mg/L, with an intra-assay variation less than 10% for con-
centrations below 2mg/L.

Data analysis. Data from the FSIVGT were submitted to computer
programs that calculate the characteristic metabolic parameters by
fitting glucose and insulin to the minimal model that describes the times
course of glucose and insulin concentrations. The estimation of model
parameters was performed according to the Minimal Model (MIN-
MOD) computer program.18 Insulin secretion from the FSIVGT was
calculated as the incremental insulin response from 0 to 10 minutes
after IV glucose (acute insulin response to glucose [AIRg]).

Statistical analysis. Descriptive results of continuous variables are
expressed as mean6 SD. Before statistical analysis, normal distribu-
tion and homogeneity of the variances were tested. Parameters that did
not fulfill these tests (CBG at the different points, AIRg, free IGF-I
levels at the different points, and SI) were log-transformed. We usedx2

test for comparisons of proportions. Comparison of variables across the
3 groups of subjects was performed by 1-way analysis of variance
(ANOVA) using Fisher’s test for multiple comparisons. Levels of
statistical significance were set atP , .05.

RESULTS

Table 1 shows anthropometric and biochemical characteris-
tics of the subjects. The 3 groups of nonobese or obese glucose-
tolerant or obese, glucose-intolerant subjects were comparable
in sex and age, and the 2 obese groups were similar in BMI and
waist-to-hip ratio (WHR) (Table 1). Obese-intolerant subjects
showed higher fasting and postload glucose levels and higher

Table 1. Anthropometrical and Biochemical Variables in the Study Subjects

Variable Lean Obese Obese-Intolerant ANOVA P

No. 14 9 10 —
Men/women 8/6 5/4 5/5 NS
Age (yr) 36 6 5.3 37.2 6 6.5 39.8 6 3.8 NS
BMI (kg/m2) 22.7 6 2.9* 32.2 6 2.3 32.6 6 2.4 ,.00001
WHR 0.94 6 0.06 1.00 6 0.05 1.01 6 0.06 .036
Fasting glucose (mmol/L) 5 6 0.59 4.98 6 0.47 6.2 6 1.05† .0005
Fasting insulin (mU/L) 7.8 6 3.14‡ 9.6 6 3.1 15.1 6 8.4 .0058
AIRg (mU/L) 367 6 195§ 755 6 414 250 6 217§ .0034
Insulin sensitivity (min21/mU/L) 3.8 6 1.6* 2.26 6 0.55 0.99 6 0.98 .0002
CBG (mg/L) 37.9 6 5.4 33.8 6 3 39.8 6 4.4§ .037
Free IGF-I (ng/L) 1.21 6 0.81 0.96 6 0.45 0.99 6 0.58 NS

Abbreviations: AIRg, acute insulin response to intravenous glucose; CBG, corticosteroid binding globulin; NS, not significant.
*Significantly different from the obese group and obese-intolerant group (P , .05).
†Significantly different from the obese and lean groups (P , .05).
‡Significantly different from the obese-intolerant group (P , .05).
§Significantly different from the obese group (P , .05).
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fasting insulin levels than the other groups of subjects; they
also displayed impaired insulin secretion after IV glucose and
a nonsignificant different SI index as compared with obese
glucose-tolerant individuals. In addition, obese-intolerant sub-
jects had significantly higher serum CBG levels than nonobese
and obese, glucose-tolerant subjects (39.86 4.4 v 37.96 5.4
and 33.86 3.0 mg/L, respectively;P , .05).

FSIVGT Studies

To determine the dose-response effects of insulin on free IGF-I
and CBG levels, changes in their respective serum concentrations
were measured during insulin-modified FSIVGT. Serum insulin
increased from 7.86 3.1 mU/L to a peak of 496 26 mU/L in lean
subjects, from 9.66 3.1 mU/L to 1216 75 mU/L in obese
subjects, and from 15.16 8.4 mU/L to 60.46 42 mU/L in
obese-intolerant subjects after 4 minutes of glucose injection and
declined gradually thereafter. Injection of insulin at 20 minutes
resulted in a maximal elevation in serum insulin to 3106 123
mU/L in lean subjects, 3986 79 mU/L in obese subjects, and
4316 86 mU/L in obese-intolerant subjects. Insulin concentration
returned to basal levels by 60 minutes in the control group and by
120 minutes in the obese groups.

The time courses of free IGF-I and CBG levels during the
FSIVGT are shown in Figs 1 and 2. Serum-free IGF-1 levels
remained virtually unchanged in the obese groups. In contrast,
in lean subjects, a mean 34% steady suppression of serum-free
IGF-I was observed.

Serum CBG levels significantly declined at 22 minutes in
lean subjects (P 5 .022) and returned to approximately their
basal levels at 50 minutes (P 5 .008). In contrast, there were no

significant changes in serum CBG in both obese groups. By the
end of the FSIVGT, both free IGF-I and CBG returned to their
basal levels.

AIRg was associated with serum CBG concentration, AIRg
being significantly correlated with CBG in basal conditions (r 5
-.38,P 5 .029) and at 22 (r 5 -.41,P 5 .01), 50 (r 5 -.41,P 5
.01), and 180 (r 5 -.39,P 5 .02) minutes after glucose stimulation
of endogenous insulin secretion. SI did not predict basal serum
CBG (r 5 -.16, P 5 not significant [NS]), but the former was
associated with serum CBG concentrations at 22 (r 5 -.41,P 5
.02) and 50 (r 5 -.35,P 5 .048) minutes of FSIVGT.

Fasting insulin levels correlated significantly with serum-free
IGF-I levels (r 5 -.35,P5 .04). Free IGF-I levels steadily declined
during the FSIVGT in lean subjects, a finding that was not ob-
served in obese subjects. Basal serum-free IGF-I significantly
correlated with serum CBG at 22 minutes (r 5 -.36,P 5 .04), but
not at 50 minutes (r 5 -.32,P 5 .07) during FSIVGT.

Stepwise multivariant analysis showed that AIRg (P 5 .035)
and SI (P 5 .046), but not free IGF-I levels, could predict CBG
levels at 22 minutes and independently contributed to 28% of
the variance in CBG levels.

DISCUSSION

According to our results, serum CBG concentration in hu-
mans decreases significantly after IV infusion of glucose, and
this decrease differs according to glucose tolerance and body
fatness. Obese subjects with normal glucose tolerance show
lower basal CBG levels, which are negatively associated with
insulin secretion. These results suggest that the higher insulin
concentration of obese subjects might tonically inhibit CBG

Fig 1. Time course of serum CBG levels during

insulin-modified FSIVGT. aP < .05 v obese-intolerant

group; bP < .01 v obese-intolerant group.
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levels, but fails to further decrease CBG after acute insulin
secretion. In contrast, obese glucose-intolerant subjects show
higher CBG levels13 and impaired insulin secretion that is not
sufficient to decrease CBG levels after glucose challenge.

Physiologic increments in plasma insulin concentrations
have selective effects on the synthesis of hepatic proteins in
normal humans.19 Insulin is able to promote albumin distribu-
tion to peripheral tissues by increasing the protein transcapil-
lary escape rate.20 We describe here that the insulin response
after a glucose challenge was associated with acute changes in
CBG levels. Portal insulin concentrations are approximately
3-fold higher than peripheral insulin concentrations,21 possibly
explaining a greater impact of endogenous insulin secretion.
This result is in line with the insulin dose-dependent inhibition
of CBG secretion by HepG2 cells.5 It suggests that insulin is
involved in the chronic adjustments of serum CBG concentra-
tion and might regulate acute changes in serum CBG levels in
physiologic circumstances of normal insulin secretion. This
effect of endogenous insulin could explain the 20% decrease in
plasma CBG of normal man after a high carbohydrate diet.4

SI in our patients was not associated with basal CBG levels,
a finding that is in agreement with our previous report.13

However, both AIRg and SI predicted CBG at 22 minutes.
Serum CBG concentration significantly decreased at 22 min-
utes. This CBG change could be related to endogenous insulin
secretion, the cumulative effects of both endogenous and ex-
ogenous insulin effects, or a change in vascular tone after
insulin administration.22 The independent association between
SI and CBG at 22 minutes might explain why serum CBG
levels were not modified in insulin-resistant, obese subjects.
Interestingly, a moderate, but significant, increase of CBG has

been described in diabetic patients,23 and in addition, 1 epide-
miologic study has shown that high plasma CBG was associ-
ated with increased incidence of type 2 diabetes.24 If we estab-
lish a parallelism with another binding protein, lower serum
CBG level could be relevant in cortisol homeostasis because a
decrease in IGF-BP rapidly affects free IGF-I levels.

Free IGF-I levels and SI were also found to be associated
with acute changes in serum CBG on univariant analysis. In in
vitro studies IGF-I decreased CBG mRNA expression and
CBG protein secretion by HepG2 cells dose-dependently, and,
in fact, IGF-I was more potent than insulin in performing such
effects.5 We found that when controlling for AIRg and SI,
IGF-I was no longer associated with changing CBG levels. This
discrepancy might be in relationship with the very high level of
IGF-I receptor mRNAs in HepG2 cells in contrast to the virtual
absence of IGF-I receptors in normal human hepatocytes
(Crave et al, personnal communication, May 2000). All of this
evidence suggest that IGF-I has no physiologic effect on liver
CBG synthesis and that insulin is a confounding factor of the
association between IGF-I and CBG.

A significant decrease in free IGF-I levels after glucose
challenge has been described by Nyomba et al16 in healthy
subjects. Our data confirmed that observation, but it was re-
stricted to nonobese subjects.

In summary, obese subjects show tonically inhibited serum
CBG levels, which are not further modified after acute glucose
and insulin changes. In nonobese subjects, insulin could con-
stitute a regulator of serum CBG level when insulin secretion is
preserved. The consequences of acute or chronic CBG de-
creases on cortisol homeostasis and their impact on fat distri-
bution should be further investigated.

Fig 2. Time course of serum-free IGF-I levels dur-

ing insulin-modified FSIVGT. *P < .05 v basal levels.
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