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Serum Total IGF-I, Free IGF-I, and IGFBP-1
Levels in an Elderly Population

Relation to Cardiovascular Risk Factors and Disease

J.A.M.J.L. Janssen, R.P. Stolk, H.A.P. Pols, D.E. Grobbee, S.W.J. Lamberts

Abstract—Recently, a method to measure free insulin-like growth factor-I (IGF-I) levels has been developed. Free
IGF-I levels may have greater physiological and clinical relevance than total (bound and free) IGF-I. The associations
between the circulating IGF-I/IGF binding protein (IGFBP) system and cardiovascular disorders was studied. In a
cross-sectional study of 218 healthy persons (103 men, 115 women) aged 55 to 80 years, fasting serum (total and free)
IGF-I and IGFBP-1 levels, lipid profile, insulin, and glucose were measured. In addition, blood pressure, body mass
index (BMI), and waist-hip ratio (WHR) were measured. Ultrasonography of both carotid arteries was performed
to investigate the presence of atherosclerotic lesions. A history of angina pectoris, the presence of a possible or
definite myocardial infarction on the ECG, and plaques in the carotid arteries were used as indicators of presence of
cardiovascular signs and symptoms. Free IGF-I was inversely related to serum triglycerides (P5.04, adjusted for age
and sex). Mean free IGF-I levels in subjects without signs or symptoms of cardiovascular diseases were significantly
higher than in those with at least one cardiovascular symptom or sign (P5.002, adjusted for age and sex). Free IGF-I
levels were also higher in subjects who had no atherosclerotic plaques in the carotid arteries (P5.02, adjusted for age
and sex) and who had never smoked (P5.02, adjusted for age and sex). IGFBP-1 showed an inverse relation with
insulin, BMI, and WHR and a positive relation with HDL cholesterol. The associations between IGFBP-1 levels and
HDL cholesterol, WHR, and BMI remained significant after adjustment for fasting insulin levels. High fasting serum
free IGF-I levels are associated with a decreased presence of atherosclerotic plaques and coronary artery disease and
lower serum triglycerides, whereas high fasting IGFBP-1 levels are associated with a more favorable cardiovascular
risk profile. The findings suggest that the IGF-I/IGFBP system is related to cardiovascular risk factors and athero-
sclerosis. (Arterioscler Thromb Vasc Biol. 1998;18:277-282.)
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A possible involvement of circulating IGF-I and IGFBP in
the pathogenesis of cardiovascular disorders has recently

been suggested.1 Total IGF-I levels are lower in patients with
an atherogenic lipid profile and may contribute to the devel-
opment of atherosclerosis.2 Many in vitro studies have shown
proliferation of vascular smooth muscle cells after stimulation
with IGF-I.3,4 Moreover, IGF-I has also been shown to be an
important regulator of vascular function by stimulating nitric
oxide release from cultured vascular endothelium.5

The commonly measured total extractable IGF-I in serum
provides only a crude estimate of biologically active IGF-I, due
to the wide interindividual variation in IGFBP.6 Free IGF-I, by
analogy with sex and adrenal steroids and thyroid hormones,
may have greater physiological and clinical relevance and
accounts for only 1% of total IGF-I.7 Recently, a method has
been developed to measure free IGF-I levels.8

The six IGFBPs comprise a family of structurally homolo-
gous proteins that prolong the half-life of IGF-I in the

circulation and modulate IGF-I action at its target cells.9,10

IGFBP-1, one of these IGFBPS, is not restricted to the
circulation and is considered to function as a transport protein
that shuttles IGF-I from the intravascular space through the
endothelial walls of the capillaries.11,12

IGFBP-1 has been proposed as an acute regulator of IGF-I
bioactivity and might simultaneously both inhibit and poten-
tiate IGF-I action at different sites.13 Recent evidence even
suggests that IGFBP-1 has intrinsic mitogenic and metabolic
activity.14 Consequently, it seems desirable to distinguish
bound and unbound components of IGF-I when studying the
IGF-I/IGFBP system.

To broaden our understanding of a possible role of the
IGF-I/IGFBP system in the development of cardiovascular
disorders, we studied the relationship of fasting serum circu-
lating levels of (free and total) IGF-I and IGFBP-1 with the
presence of cardiovascular risk factors and diseases in an elderly
population.
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Methods
Subjects
For the present study, a sample of participants from the Rotterdam
Elderly Study was invited for an additional examination. The Rotter-
dam study is a population-based cohort study of the determinants of
chronic disabling diseases in the elderly. All approximately 10 000
inhabitants of a suburb of Rotterdam, aged 55 years and over, were
invited to participate, as described elsewhere.15 Overall, 7983 partic-
ipants were examined (response rate 78%).

The population for the present study included subjects aged 55 to
80 years who had completed the baseline visit of the Rotterdam study
not more than 6 months earlier. Subjects with psychiatric or endocrine
diseases, including diabetes mellitus treated with medication, were not
invited. From these subjects, a random sample of 218 persons was
examined. Compared with the other participants of the Rotterdam
study of the same age without known diabetes mellitus, there were no
differences in age and sex distribution, mean blood pressure, use of
antihypertensive medication, echocardiographic evidence of athero-
sclerotic plaques in the carotid arteries, and electrocardiographic
abnormalities. From all subjects, informed consent was obtained, and
the study was approved by the medical ethics committee of Erasmus
University Medical School.

Cardiovascular Assessment
A resting standard 12-lead ECG was made with an ACTA Gnosis IV
(EsaoteBiomedica), and an automated diagnostic classification system
of the Modular Electrocardiogram Analysis System (MEANS) was
used.16,17 The presence of a possible or definite myocardial infarction
on the ECG was used as an indicator of presence of coronary artery
disease.18

Information on medical history of myocardial infarction, medical
history, drug use, and smoking was obtained by a trained research
assistant using a computerized questionnaire, which includes a Dutch
version of the Rose questionnaire to determine the presence of angina
pectoris and intermittent claudication.19

To measure carotid artery intima-media thickness, ultrasonography
of the left and right common carotid artery, the carotid bifurcation,
and the internal carotid artery was performed with a 7.5-MHz linear
array transducer (ATL Ultramark IV, Advanced Technology Labora-
tories). Following the Rotterdam study ultrasound protocol, a careful
search was performed for all interfaces of the near end and far wall of
the distal common carotid artery.20–22 The actual measurements of the
intima-media thickness were performed off line. This procedure has
been described previously.23

The common carotid artery, carotid bifurcation, and internal
carotid artery were also evaluated for the presence (yes/no) of
atherosclerotic lesions on both the near and far wall of the carotid
arteries. Plaques were defined as a focal widening relative to adjacent
segments, with protrusions into the lumen composed of only calcified
deposits or a combination of calcification and noncalcified material.24

The size or extent of the lesions was not quantified. The presence of
plaques was used an indicator of presence of atherosclerosis.

Subjects were categorized into groups of current smokers, former
smokers, and those who had never smoked. BMI was defined as
weight divided by the height squared [kg/(m)2], and body fat
distribution was estimated using the ratio of waist and hip circumfer-
ences (WHR) in centimeters. Sitting blood pressure was measured at
the right upper arm with a random-zero sphygmomanometer. The

average of two measurements obtained at one occasion was used in the
analyses. Hypertension was defined as a systolic blood pressure of
$160 mm Hg or a diastolic pressure of $95 mm Hg or the use of
antihypertensive drugs.25

Biochemical Measurements
Fasting blood samples were taken by venipuncture between 8 and 9
AM and allowed to coagulate for 30 minutes. Subsequently, serum was
separated by centrifugation and quickly frozen in liquid nitrogen.
Dissociable free IGF-I was measured with a commercially available
noncompetitive two-site immunoradiometric assay (Diagnostic Sys-
tem Laboratories Inc; intra-assay and interassay CV: 10.3% and 10.7%,
respectively).8 The free IGF-I assay used needs no initial sample
extraction as part of the standard procedure to measure IGF-I. Samples
are added directly to tubes containing a dense coating of high-affinity
free IGF-I antibody, incubated for 2 hours at room temperature,
washed, incubated with 125I-labeled antibody directed to a second
epitope, washed, and counted. Assay standards are rhIGF-I: 0.04 to 2.6
nmol/L; the minimal detection limit is 0.004 nmol/L. There is no
cross-reactivity with IGF-II, and no residual IGFBP-1 or IGFBP-3 is
detectable after the first wash. It is likely that the free IGF-I fraction
measured with the free IGF-I assay is a combination of the true free
IGF-I and the fraction that can be readily dissociated from IGFBP
under the specific assay conditions.8 Addition of pure IGFBP-1 and -3
to an IGF-I–containing buffer caused a dose-related decrease in
measurable free IGF-I.8 Total IGF-I was determined by a commer-
cially available radioimmunoassay (Medgenix Diagnostics; intra-assay
and interassay CV: 6.1% and 9.9%) after an acidification/neutralization
step. The purpose of this step is to convert the different forms of IGF-I
present into free IGF-I. A commercially available immunoradiometric
assay was also used for measurement of IGFBP-1 (MW 25.3 kD;
Diagnostic System Laboratories Inc; intra-assay and interassay CV:
4.0% and 6.0%). Insulin was determined by a commercially available
radioimmunoassay (Medgenix Diagnostics, intra-assay and interassay
CV: 8.0% and 13.7%). Serum glucose, creatinine, cholesterol, HDL
cholesterol, and triglyceride levels were determined with standard
laboratory methods.

Statistical Analysis
The clinical characteristics are presented as mean (SE). Differences
between subgroups with or without cardiovascular symptoms and
signs were analyzed by linear regression after adjustment for age and
sex. Multiple linear regression analyses were used to further assess the
associations of free IGF-I and IGFBP-1 with other parameters. A
two-sided probability value of ,.05 was considered statistically
significant. Analyses in which the values were logarithmically trans-
formed yielded similar results to those with untransformed data.
Because the interpretation of logarithmic data is difficult, the non-
transformed data are presented. Age-adjusted ORs (with 95% CIs)
were calculated as an approximation of the relative risk of free IGF-I
for the presence of atherosclerotic plaques and coronary artery disease.
All statistical analyses were performed with Stata statistical package
(Computing Resource Center).

Results
In Table 1, the general characteristics of the study population
are presented. The percentage of free over total serum IGF-I
varied between 0.14% and 2.77%. Serum free IGF-I increased
0.003 nmol/L per nmol/L total IGF-I (SE 0.0004, P,.001,
adjusted for age and sex) and decreased 0.013 nmol/L per
nmol/L IGFBP-1 (SE 0.004, P5.003, adjusted for age and
sex). Serum total IGF-I levels decreased 2.766 nmol/L per
nmol/L serum IGFBP-1 (SE 0.596, P,.001, adjusted for age
and sex). Age- and sex-adjusted fasting free IGF-I levels were
inversely related to serum triglycerides but showed no relation
with most cardiovascular risk factors (Table 2). After further
adjustment for insulin, the relation between free IGF-I and

Selected Abbreviations and Acronyms

BMI 5 body mass index
CI 5 confidence interval

CV 5 coefficient of variation
IGF-I 5 insulin-like growth factor-I

IGFBP 5 IGF binding protein
OR 5 odds ratio

WHR 5 waist-hip ratio
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serum triglycerides became even stronger: regression coeffi-
cient, 23.1 (mmol/L per nmol/L free IGF-I, P5.01).

Total IGF-I was positively related to serum glucose: regres-
sion coefficient, 0.022 (SE 0.008; mmol/L per nmol/L serum
IGF-I, P5.008), but not to any of the other investigated

cardiovascular risk factors mentioned in Table 2 (data not
shown). IGFBP-1 showed an inverse relation with insulin,
glucose, BMI, and WHR and a positive relation with HDL
cholesterol (Table 2). The associations between IGFBP-1 and
HDL cholesterol, WHR, and BMI remained significant after
adjustment for fasting insulin levels: regression coefficients per
nmol/L IGFBP-1 were, respectively, 0.06 (SE 0.03; mmol/L,
P5.03); 20.02 (SE 0.01, P5.009), and 20.63 (SE 0.27;
kg/[m]2, P5.02), while the association between IGFBP-1 and
serum glucose lost statistical significance after this adjustment.

Free IGF-I and Presence of
Cardiovascular Diseases
Age- and sex-adjusted mean free IGF-I levels were lower in
subjects with at least one plaque in the carotid arteries than in
those without plaques: difference, 0.017 nmol/L (SE 0.008,
P5.02). Free IGF-I levels were also lower in subjects with
coronary artery disease than in those without: difference, 0.018
nmol/L (SE 0.009, P5.04); Table 3. Age- and sex-adjusted
free IGF-I levels were not related to the carotid intima-media
thickness: regression coefficient per 0.01 nmol/L IGF-I,
0.0012 (SE 0.0016; mm, P5.47). Mean free IGF-I levels were
lower in subjects with a history of angina pectoris and higher
in subjects with hypertension, but this value did not reach
statistical significance after adjustment for age and sex (Table
3). Serum free IGF-I levels were significantly higher in subjects
who had never smoked (P5.02) than in ever (former and
current) smokers.

Mean free IGF-I levels were higher in subjects without any
actual sign and symptom of cardiovascular disease (ie, no
angina pectoris, no myocardial infarction on the ECG, and no
atherosclerotic lesions in the carotid arteries) than in subjects
with at least one symptom or sign of cardiovascular disease (ie,
angina pectoris and/or myocardial infarction on the ECG
and/or atherosclerotic lesions in the carotid arteries): 0.107
nmol/L (SE 0.008) versus 0.086 nmol/L (SE 0.004), P5.002,
adjusted for age and sex; (see Figure). This association re-
mained significant after further adjustment for smoking and
hypertension.

TABLE 1. General Characteristics of 218 Subjects (103 Men,
115 Women)

Mean SE Range

Age, y 66.7 0.4 55.0–82.4

BMI, kg (m)2 26.4 0.2 16.4–43.1

WHR, cm/cm 0.92 0.006 0.66–1.12

Total IGF-I, nmol/L* 18.7 0.5 3.1–41.3

Free IGF-1, nmol/L* 0.074 0.06 0.02–0.28

Percentage free IGF-I/total IGF-I* 0.55 0.02 0.14–2.77

IGFBP-1, nmol/L* 0.77 0.06 0.04–6.07

Insulin, IU/mL* 13.5 0.5 2.4–44.2

Glucose, mmol/L* 5.9 0.06 4.7–11.9

Cholesterol, mmol/L* 6.8 0.08 2.8–12.5

HDL-cholesterol, mmol/L* 1.36 0.03 0.70–2.80

Triglycerides, mmol/L* 1.96 0.07 0.47–7.42

Systolic blood pressure, mm Hg 139.2 1.31 96–185

Diastolic blood pressure, mm Hg 74.8 0.67 44–97

Hypertension, %† 30.1

Anamnestic angina pectoris, % 7.6

Anamnestic myocardial infarction, % 20.3

Myocardial infarction on ECG, % 22.1

Aatherosclerotic plaques in carotid arteries, % 62.8

Carotid intima-media thickness, mm 0.76 0.13 0.49–1.49

Smoking, %

Current 24.3

Former 50.5

Never 25.2

*Fasting blood samples.
†Hypertension was defined as a systolic blood pressure of $160 mm Hg and/or

diastolic pressure of $95 mm Hg and/or use of antihypertensive drugs.

TABLE 2. Age- and Sex-Adjusted Associations Between Fasting Free IGF-I and IGFBP-1,
Respectively, and Several Cardiovascular Risk Factors in an Elderly Population (Aged 55
to 80 Years)

Free IGF-1, nmol/L IGFBP-1, nmol/L

Regression
Coefficient SE P

Regression
Coefficient SE P

Systolic blood pressure, mm Hg 26.3 24.8 .80 21.9 1.5 .21

Diastolic blood pressure, mm Hg 4.5 13.0 .73 21.0 0.8 .22

Cholesterol, mmol/L* 22.1 1.6 .18 20.01 0.09 .89

HDL cholesterol, mmol/L* 0.16 0.46 .73 0.08 0.03 .004

Triglycerides, mmol/L* 22.8 1.4 .04 20.02 0.08 .85

Insulin, IU/mL 6.0 10.2 .56 22.0 0.6 .002

Glucose, mmol/L* 1.8 1.2 .14 20.18 0.07 .02

WHR 20.11 0.10 .29 20.02 0.006 .001

BMI, kg/(m)2 25.78 4.89 .24 20.98 0.29 .001

*Fasting values.
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For total IGF-I, lower levels were observed in groups with
presence of one cardiovascular disease and/or risk factor than
in those without. The difference in total IGF-I levels was
significant for angina pectoris; mean total IGF-I in subjects
with angina pectoris: 15.0 (SE 2.1) nmol/L and 19.1 (SE 0.6)
nmol/L in subjects without angina pectoris (adjusted for age
and sex, P5.04).

Mean IGFBP-1 levels were not significantly different in
subgroups with or without cardiovascular diseases and risk
factors, hypertension, or smoking (Table 3).

Age-adjusted multiple logistic regression analysis, performed
with the presence of atherosclerotic plaques and the presence
of coronary artery disease as dependent variable, respectively,
and free IGF-I as independent variable, showed a significant
decreased risk for the presence of plaques per 0.01 nmol/L
increase in serum free IGF-I level: OR 0.94 (95% CI: 0.89 to
0.99) per 0.01 nmol/L (P5.03) and a decreased risk for the
presence of coronary artery disease per 0.01 nmol/L increase in
serum free IGF-I level: OR 0.91 (95% CI: 0.84 to 0.99) per
0.01 nmol/L (P5.02).

Discussion
Mean free IGF-I levels were significantly lower in subjects
with atherosclerotic plaques in the carotid arteries and with
coronary artery disease. When subjects without symptoms or
signs of cardiovascular diseases (ie, no angina pectoris, no
myocardial infarction on the ECG, and no atherosclerotic
plaques in the carotid arteries) were compared with those with
at least one symptom or sign of cardiovascular disease, mean
free IGF-I levels were significantly higher in the former group.
These findings suggest that lowered free IGF-I levels are
associated with a higher prevalence of cardiovascular disease.
Low circulating IGF-I levels have been previously associated
with angiographically documented coronary artery disease.26

Other investigations have also suggested that low circulating
IGF-I levels are associated with premature atherogenesis,
cardiovascular morbidity, and mortality.27,28,29 However, these
latter studies need to be considered with caution because they
were retrospective studies; many subjects in these studies also
showed deficiencies of other pituitary hormones, which might
have been suboptimally replaced.

Serum free IGF-I is considered an important biologically
active IGF-I fraction.7 The serum free IGF-I levels in our study
lie within the same range as previously reported for the
molecular affinity of the IGF-I receptor on both vascular
endothelium and vascular smooth muscle cells.3,30 Because
endothelial cells are continuously exposed to IGF-I in vivo, it
is conceivable that endocrine IGF-I might be of importance in
both the normal physiology of vascular endothelium and in
disease states, eg, atherosclerosis.31 Evidence exists that IGF-I
does cross vascular endothelium and in this respect might be
also comparable to insulin.30,32 The importance of circulating
(endocrine) IGF-I has been challenged by the autocrine/
paracrine concept of IGF-I since most cells implicated in the
pathogenesis of atherosclerosis are capable of expressing (auto-
crine and paracrine) IGF-I, IGF-I receptors, and IGFBPs.1

There are many who even believe that there is no physiological
role for circulating IGF-I in atherosclerosis. Some arguments in
favor of this view are that the expression of IGF-I in the vessel

Mean free IGF-I levels (adjusted for age and sex) compared
between subjects without signs and symptoms of cardiovascu-
lar diseases (left) and subjects with at least one cardiovascular
symptom or sign (right). The line in the middle of the boxes rep-
resents the 50th percentile of the data. The boxes extend from
the 25th percentile to the 75th percentile values, and the whis-
kers extend from the 5th to the 95th percentile values of each
group (difference50.026 nmol/L [SE 0.008], P5.002).

TABLE 3. Fasting Free IGF-I and IGFBP-1 Levels (nmol/L) in Subjects With Versus
Without Symptoms and Signs of Cardiovascular Diseases

Present Mean SE
Absent
Mean SE P*

Free IGF-1

History of angina pectoris 0.084 0.012 0.092 0.004 .67

Coronary artery disease 0.077 0.005 0.096 0.004 .04

Atherosclerotic plaques in carotid arteries 0.088 0.004 0.101 0.006 .02

Hypertension 0.096 0.006 0.091 0.005 .73

Smoking Ever: 0.086 0.004 Never: 0.110 0.007 .02

IGFBP-1

History of angina pectoris 0.657 0.102 0.785 0.065 .66

Coronary artery disease 0.813 0.091 0.813 0.099 .62

Atherosclerotic plaques in carotid arteries 0.754 0.062 0.812 0.121 .45

Hypertension 0.646 0.080 0.831 0.077 .09

Smoking Ever: 0.802 0.070 Never: 0.699 0.112 .10

*Differences in free IGF-I and IGFBP-1 levels, respectively, between subgroup with vs subgroup without
cardiovascular diseases, hypertension, and smoking, adjusted for age and sex.

280 IGF and Cardiovascular Disease in the Elderly



wall is independent of pituitary growth hormone secretion33

and that endothelial denudation of blood vessels in rats
increases the accumulation of IGF-I in vascular smooth mus-
cles without concomitant changes in hepatic IGF-I mRNA
expression and serum total IGF-I levels.34 However, both
observations can also be explained by an increased proteolysis
of circulating IGFBPs by specific IGFBP proteases present in
serum (as plasmin and thrombin), contributing to a higher
IGF-I delivery at an injury of the vascular endothelium.35,36

This mechanism may then result in an increased association of
IGF-I with the IGF-I receptor of the vascular smooth muscle
cells during repair of injured arterial intima. This response to
injury might be reflected in (transiently) lower serum free
IGF-I levels as a consequence of consumption. In addition, the
frequently immunoreactive techniques used to localize ultra-
structurally IGF-I in atherosclerotic plaques cannot demon-
strate the origin of IGF-I (locally produced or endocrine).
Other arguments for a physiological effect of circulating IGF-I
to the vessel wall are that administration of exogenous IGF-I to
human retinal vascular endothelium cells in culture causes
decreased IGF-I mRNA levels in these cells37; and finally,
several studies suggest that the majority of IGF-I secreted by
vascular endothelial cells (in contrast to IGFBPs) results from
IGF-I uptake from serum and not from local de novo
synthesis.30,38 These studies suggest that intact endothelium
serves as a regional storage site for intravascular receptor-bound
IGF-I.

Recent data suggest that IGF-I stimulates the production of
nitric oxide from both the endothelium and vascular smooth
muscles.39 Decreased nitric oxide production by vascular en-
dothelium due to low free IGF-I levels might be a mechanism,
which could contribute to the observed relation between free
IGF-I levels and the presence of cardiovascular symptoms and
signs in our study.40

In our study, free IGF-I levels were inversely associated with
fasting triglycerides. Indeed, administration of recombinant
IGF-I to humans was reported to cause a decrease in triglyc-
eride levels.41

Also in our study, no relationships were found between free
and total IGF-I and BMI or WHR. The total amount of excess
fat on the body is roughly reflected in the BMI, whereas WHR
is more strongly associated with the amount of abdominal fat.
Several epidemiological studies suggest that abdominal obesity
may especially be involved in atherosclerosis42 and that a
decreased growth hormone secretion is an endocrine charac-
teristic of obesity.43 Growth hormone–dependent IGF-I con-
centrations would thus be expected to be subnormal in
obesity.44 However, total IGF-I levels have been reported not
to be significantly different between obese subjects and lean
control subjects.44,45 In this latter study, free IGF-I levels were
reported to be higher in obese males, while free IGF-I levels
were not significantly elevated in obese females.45 The differ-
ences between these results and ours are most likely due to
difference in age, sex, and degree of obesity in the study group,
as the subjects in our study were older, predominantly female,
and less obese. Moreover, in our study, another method was
used to measure free IGF-I levels.

Higher fasting age-adjusted IGFBP-1 levels were associated
with decreased BMI, WHR, insulin, and glucose levels and

increased HDL cholesterol levels. In a previous study, it was
demonstrated that reduced fasting IGFBP-1 levels correlate
with an increased prevalence of cardiovascular risk factors in
non–insulin-dependent diabetes mellitus.46 Our study shows
that this relationship similarly exists in a nondiabetic popula-
tion and that the reverse is also true, ie, higher IGFBP-1 levels
are associated with an advantageous cardiovascular risk profile.
Insulin is considered as the main regulator of IGFBP-1 levels,
while it also modulates the action of IGFBP-1.11 It also
accelerates IGFBP-1 transport from the intravascular space
through the endothelial walls of the capillaries to the target
cells.11,12 However, the associations between IGFBP-1 levels
and BMI, WHR, and HDL cholesterol were independent of
insulin levels. This observation suggests that a low IGFBP-1
level might be an independent marker for the metabolic
disturbances, which are all associated with an increased risk of
cardiovascular diseases.

Studies of the biological effect of IGFBP-1 have shown
conflicting results. IGFBP-1 is capable of both inhibition and
augmentation of IGF-I bioactivity.47 These conflicting obser-
vations may be explained by the recent findings that differential
phosphorylation of IGFBP-1 could significantly alter its affinity
for IGF-I and therefore differently modulate IGF-I bioactivi-
ty.48 The IGFBP-1 assay used in our study cannot discriminate
phosphorylated and nonphosphorylated IGFBP-1, but IG-
FBP-1 normally circulates mainly as a highly phosphorylated
form.49 This latter form of IGFBP-1 would favor sequestration
of IGF-I by IGFBP-1, resulting in a decreased IGF-I release to
IGF-I receptors.47 The observed lower IGFBP-I levels in
subjects with a disadvantageous cardiovascular risk profile
might be thus an adaptive mechanism to increase IGF-I
bioactivity at the vascular endothelium.

Although most cells implicated in the pathogenesis of
atherosclerosis are capable of expressing autocrine and para-
crine IGF-I, IGF-I receptors, and IGFBPs, the results of our
study suggest that the measurement of circulating free IGF-I
and IGFBP-1 levels may be of clinical relevance and will help
to unravel the role of the IGF-I/IGFBP-1 system in
atherogenesis.

In conclusion, our findings indicate that low circulating free
IGF-I levels are associated with an increased risk of presence of
atherosclerotic cardiovascular disease. In addition, higher IG-
FBP-1 levels are related to a more favorable cardiovascular risk
factor profile. These findings lend support to the view that the
IGF-I/IGFBP-1 system is related to cardiovascular risk in the
elderly population.
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