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OBJECTIVE — The aim of the present study was to assess the role of the insulin-like growth
factor (IGF) system and lipids in predicting the carotid intima-media thickness (IMT) in type 2
diabetes.

RESEARCH DESIGN AND METHODS — A otal of 239 type 2 diabetic participants in
the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) Study (76 women) aged
50-75 years were examined before fenofibrate intervention. Patients underwent carotid ultra-
sonography for determination of IMT. IGF-I, IGF binding protein 1 (IGFBP-1), IGFBP-3, cho-
lesterol, triglycerides, HDL cholesterol, LDL cholesterol, apolipoprotein B (apoB), lipoprotein(a)
(Lp(a)), glucose, HbA, ., and C-peptide were measured in fasting samples. Patients were divided
in groups without (n = 168) and with (n = 71) clinical cardiovascular disease (CVD).

RESULTS — Partial correlations adjusted for age, sex, BMI, and diabetes duration showed an
inverse association of IGFBP-1 with C-peptide (r = —0. 24, P = 0.018) and with maximal IMT
(r = —0.42, P < 0.001), whereas IGF I and IGFBP-3 correlated positively with several risk-
promoting lipid parameters. In linear regression analysis controlling for age, sex, BMI, diabetes
duration, and presence or absence of oral antihyperglycemic or insulin medication, determinants
of IMT were age, IGFBP-1, pulse pressure, Lp(a), diabetes duration, and insulin treatment.
IGFBP-1 persisted in the model for subjects with CVD.

CONCLUSIONS — In summary, a decrease in IGFBP-1 is a marker of carotid IMT thicken-
ing in patients with type 2 diabetes.

Diabetes Care 25:1807-1812, 2002

he mortality and morbidity from
cardiovascular disease (CVD) is
three to four times increased in pa-
tients with type 2 diabetes and accounts
for ~70% of mortality in this patient
group (1). At the time of diabetes diagno-

sis, many patients already have clinical
macrovascular disease. However, to under-
stand the mechanisms in the development
of atherosclerosis, it is essential to exam-
ine diabetic subjects in whom atheroscle-
rosis is still incipient and nonsymptomatic.
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factors for many substances.

Measurement of carotid intima-
media thickness (IMT) using high-
resolution B-mode ultrasonography is a
noninvasive, well-validated method to as-
sess early CVD (2—4). It shows strong cor-
relations with known risk factors of CVD
(5-7) and, more importantly, predicts
clinical cardiovascular events such as
myocardial infarction and stroke in vari-
ous patient groups (8,9). In several stud-
ies, carotid intima-media is clearly thicker
in patients with type 2 diabetes than in
age- and sex-matched nondiabetic sub-
jects (10,11). Factors showing consistent
correlation with IMT have been age, dia-
betes, and hypertension. Data on the re-
lationship between different lipid
parameters and IMT have been inconsis-
tent (7,11,12).

Insulin resistance is an important fea-
ture of type 2 diabetes and has been dem-
onstrated to correlate with IMT in type 2
diabetes in some (13,14) but not in all
studies (11). Closely related to insulin re-
sistance, the insulin-like growth factor
(IGF) system has been suggested to con-
tribute to atherosclerosis (15-17). IGF-1
has insulin-like effects and growth-
promoting actions mediated through the
IGF-I receptor closely similar to the insu-
lin receptor (18). The main reservoir of
IGF-1is in the inactive complex with IGF
binding protein 3 (IGFBP-3) (19).
IGFBP-1 exhibits diurnal variation, in
contrast to the more stable IGFBP-2 and
IGFBP-3, and is one of the major regula-
tors of IGF availability in plasma (20). In-
sulin regulates IGF-I bioavailability by
suppressing hepatic IGFBP-1 production,
resulting in increased circulating free
IGF-1 concentration (21). IGFBP-1 is
strongly related to insulin sensitivity (21).
Growth hormone and/or IGF-I have been
demonstrated to contribute to both mi-
crovascular and macrovascular complica-
tions of diabetes in several studies
(reviewed in 22).

In light of these findings, we assessed
the potential independent role of IGF-I
and IGFBP-1 and IGFBP-3 together with
conventional factors like lipid/apoprotein
parameters and variables of glycemic con-
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trol as determinants of the carotid IMT of
middle-aged and elderly men and women
with type 2 diabetes. We were particularly
interested in determining whether deter-
minants of IMT are similar in type 2 dia-
betic patients with and without clinical
CVD.

RESEARCH DESIGN AND
METHODS

Study subjects

Subjects for this study were recruited
from participants in the Fenofibrate Inter-
vention and Event Lowering in Diabetes
(FIELD) Study in Helsinki, Finland. The
FIELD Study is a multinational study
started in the beginning of 1998 in Aus-
tralia, New Zealand, and Finland. A total
of >9,000 patients with type 2 diabetes
were randomly assigned to receive either
placebo or micronized fenofibrate (200
mg/day) for 5 years. Subjects with type 2
diabetes aged 50-75 years and with S-
cholesterol values 1.0-5.5 mmol/l and ei-
ther S-triglycerides 1.0-5.0 mmol/l or
S-cholesterol/HDL cholesterol ratio >4
were eligible for the study.

In the Helsinki Center, 270 patients
were recruited for the FIELD main study.
A total of 239 participants (76 women)
volunteered for the substudy described
herein. In 71 substudy participants, CVD
had already been diagnosed (CVD is de-
fined as any of the following: angina pec-
toris, previous coronary bypass grafting
or balloon dilatation, stroke, transient
ischemic attack, carotid endarterectomy,
claudication, leg amputation, and periph-
eral arterial reconstruction or balloon di-
latation).

All subjects signed informed consent
forms. The protocol was approved by the
ethical committee of the Helsinki Univer-
sity Central Hospital.

Laboratory analyses

All examinations were performed during
the placebo run-in period of the FIELD
Study before any fenofibrate intervention.
Blood samples were obtained after an
overnight fast. Cholesterol and triglycer-
ide levels were measured in serum by au-
tomated enzymatic procedures. LDL
cholesterol was measured after separating
LDL fraction from fresh fasting sera by
sequential ultracentrifugation; apoli-
poprotein B (apoB) level was determined
by an immunochemical assay. Lipopro-
tein(a) (Lp(a)) was measured by turbidi-

metric immunoassay. P-glucose was
measured using the Precision-G device.
HbA, . was measured with a DCA 2000
analyzer. Serum free insulin concentra-
tions were determined by double-antibody
radioimmunoassay after precipitation
with polyethylene glycol. C-peptide was
determined by radioimmunoassay.

IGF-1was determined from the serum
samples using the DSL-10-5600 Active
IGF-1 Enzyme-Linked Immuno-Sorbent
Assay Kit. The assay uses a modified ver-
sion of the standard acid-ethanol extrac-
tion procedure.

IGFBP-1 concentration was deter-
mined by a two-site immunofluorometric
assay, as described earlier (23), using two
monoclonal antibodies, F34-15C9 and
F36-9G3.

The IGFBP-3 against which the
monoclonal antibodies were generated
was produced by recombinant DNA tech-
nology in Escherichia coli bacteria (24).
The assay uses monoclonal antibody
F42-1B6 as the solid-phase antibody and
monoclonal antibody F41-5C11 as the
Eu-labeled tracer. The assay had no cross-
reactions with the other human IGFBPs or
IGFs.

Albumin excretion rate was measured
from three consequent overnight urinary
collections. The median of the three
collections was used to determine nor-
moalbuminuria (<20 pg/min), mi-
croalbuminuria (20-200 pg/min), or
macroalbuminuria (>200 pg/min).

We applied the homeostasis model
assessment of insulin resistance (HOMA
IR) (25) in subjects without insulin treat-
ment (n = 182) using the following for-
mula: HOMA IR = fasting insulin (mU/
ml) X fasting glucose (mmol/1)/22.5.

Carotid sonography

Ultrasound scannings of carotid arteries
were performed with a Hewlett Packard
Image Point M2410A ultrasound system
equipped with a high-frequency 10-MHz
linear array transducer. Scannings were
videotaped with a Panasonic AG-
MDS830E PAL S-VHS videocassette re-
corder. All ultrasound examinations were
performed by one physician (E.L.). The
ultrasound examination protocol has
been described in detail elsewhere (26).
In short, longitudinal images were dis-
played bilaterally for 1) the distal 1 cm of
the common carotid artery (CCA), 2) the
entire carotid bulb (CB), and 3) the prox-
imal 1 cm of the internal carotid artery

(ICA). For the CCA and the CB, three pro-
jections (anterolateral, lateral, and pos-
terolateral) were recorded. For the ICA, a
single, best-visualized angle was used.

A single reader at Oy Jurilab (Kuopio,
Finland), performed the IMT measure-
ments using a personal computer with a
video frame grabber interfaced to a Pana-
sonic PAL S-VHS videocassette recorder.
Prosound software was used to measure
the IMTs at a total of 28 sites. The follow-
ing variables were derived: mean IMT,
maximal IMT, and minimal IMT. All out-
come variables were first calculated for
each subject.

The mean of maximal IMT (Max IMT)
measurements over 28 sites was chosen
for the primary outcome variable. Sec-
ondary outcome variables were 1) the av-
erage of mean IMT (Mean IMT), 2)
average of mean far wall (FW), 3) the
mean of maximum for CCA, 4) the mean
of maximum for CB, and 5) the mean of
maximum for ICA. The ultrasound exam-
ination was performed for 236 study sub-
jects.

The intra-observer repeatability for
Max IMT was 0.994 (SE 0.0152). The in-
tra-reader repeatability for Max IMT was
0.996 (SE 0.0082).

Statistical methods

Parameters with skewed distributions
were log-transformed for statistical anal-
ysis. Pearson and partial Pearson correla-
tion coefficients and one-way ANOVA
were used to demonstrate relationships
between variables.

Linear regression analysis was per-
formed for the whole study cohort and for
subgroups with or without CVD to ex-
plain variation in Max IMT. To control for
age, sex, diabetes duration, BMI, oral an-
tihyperglycemic agents (OHA), and insu-
lin treatment, these parameters where
entered in the regression analyses in step
1. Parameters with even a weak correla-
tion (r > 0.200) with Max IMT, but inde-
pendent from each other, were entered in
step 2. Parameters were removed until the
best-fitting model was achieved. All sta-
tistical analyses were performed with
SPSS for Windows software (version 9;
SPSS, Chicago, IL).

RESULTS

Subject characteristics
The characteristics of the study subjects
are shown in Table 1. The mode of diabe-
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Table 1—Characteristics of the study subjects

No CVD With CVD P
Age (years) 60.8 = 6.5 63.2 = 6.5 0.009
N (men/women) 168 (111/57) 71 (52/19) —
BMI (kg/mz) 304 *£54 31.0 %506 NS
Waist-to-hip ratio 0.93 £ 0.07 0.94 £0.07 NS
Triglycerides (mmol/l) 1.8 £0.8 1.8£0.38 NS
Cholesterol (mmol/l) 50+ 0.7 5.1*0.7 NS
LDL cholesterol (mmol/1) 3.1 0.7 33*+056 NS
HDL cholesterol (mmol/l) 12+03 1.1 +£03 NS
ApoB (mg/dD) 101 + 23 104 =+ 25 NS
Lp(a) (mg/D) 136 = 15 179 * 32 NS
IGF-T (nmol/1) 142 = 65 150 = 62 NS
IGFBP-1 (ug/D 85.7 £ 75 87.1 =71 NS
IGFBP-3 (ug/D 4463 = 1,623 4,720 = 1,559 NS
Fasting P-glucose (mmol/l) 79%23 8.0x17 NS
HbA,. (%, normal range 4-6) 73%x13 75*14 NS
C-peptide (nmol/1) 1.0£0.38 12+1.1 NS
Microalbuminuria or macroalbuminuria 12% 43% <0.001

Data are means * SD or %. Group 1: subjects without clinical CVD. Group 2: subjects with clinical CVD:
history of coronary artery disease, transient ischemic attack, stroke, claudication, or leg amputation.

tes treatment was diet only in 34 (14%),
OHA in 149 (62%), insulin only in 11
(5%), and a combination of OHA and in-
sulin in 45 (19%) subjects.

We divided the subjects in two
groups according to the presence of clin-
ical CVD (defined in RESEARCH DESIGN AND
METHODS). These groups were very similar,
except that those with CVD were slightly
older (P = 0.009) and had somewhat
longer diabetes duration (8.7 vs. 7.3
years, NS). The proportion of women was
27% in subjects with CVD and 34% in
subjects without CVD. The difference in
smoking habits was not significant (data
not shown). A history of arterial hyper-
tension was present in 61% of subjects
without CVD and 62% of subjects with
CVD. Mean blood pressure values for the
groups were 144/88 and 146/86 mmHg,
accordingly.

The concentrations of IGF-I, IG-
FBP-1, and IGFBP-3 did not significantly
differ between the two groups. Glycemic
control was comparable (mean HbA, . 7.3
vs. 7.5%) in both groups. The lipid and
apoprotein values were comparable in the
two groups. As expected, albuminuria
was more common in those with CVD.
IGFBP-1 concentration increased with
age (r=0.217,P = 0.001) and correlated
inversely with BMI (r = —0.386, P <
0.001) and waist circumference (r =
0.438, P < 0.001), whereas IGF I and
IGFBP-3 did not correlate with these pa-

rameters. Neither IGF-1, IGFBP-1, nor
IGFBP-3 correlated with pulse pressure
or albuminuria.

IGF 1, IGFBP-1, and IGFBP-3 concen-
trations were dependent on the mode of
treatment. Mean values for subjects with
diet treatment, OHA, combination of
OHA and insulin, and only insulin treat-
ment for IGF-1 were 157, 145, 137, and
116 nmol/l, correspondingly. For IGFBP-
1, the corresponding mean concentra-
tions were 49, 85, 95, and 168 pg/l, and
for IGFBP-3, the mean concentrations
were 4,529, 4,594, 4,526, and 3,888
g/l The difference between sexes was
significant for IGFBP-1 and IGFBP-3 con-
centrations (data not shown). When con-
sidering the presence of components of
the metabolic syndrome—long waist cir-
cumference, hypertriglyceridemia, low
HDL cholesterol, high blood pressure, di-
abetes—as defined by the third Adult
Treatment Panel (27), the concentration
of IGFBP-1 decreased steadily with in-
creasing prevalence of these components,
from a mean of 144 g/l in patients with
only diabetes to 54 pg/l in patients with
all five components (P < 0.001).

Relationship between clinical and

biochemical characteristics and IMT
The Max IMT was significantly thicker in
men than in women (1.32 vs. 1.24 mm,
P = 0.038). In patients with CVD, Max
IMT was significantly thicker than in

Leinonen and Associates

those without clinical CVD (mean of Max
IMT 1.39 vs. 1.30 mm; F = 7.62, P =
0.006). Similar significant differences
were noted for Mean IMT (1.10 vs. 1.03
mm; F=7.98 P=0.005),FWIMT (1.11
vs. 1.03 mm; F = 7.50, P = 0.007), and
CCAIMT (126 vs. 1.16 mm; F = 12.1,
P = 0.001). Age, systolic blood pressure,
and pulse pressure were strongly corre-
lated with Max IMT in both groups (r val-
ues between 0.254 and 0.418, P values
between <0.001 and 0.034). The dura-
tion of diabetes correlated with Max IMT
in subjects with CVD (r = 0.358, P =
0.002). Measures of glucose metabo-
lism—C-peptide, P-glucose, or HbA, —
did not correlate with Max IMT. Over-
night urinary collection was received
from 232 subjects; of these, 193 were nor-
moalbuminuric, 34 had microalbumin-
uria, and 5 had macroalbuminuria. The
presence of microalbuminuria or mac-
roalbuminuria was strongly associated
with Max IMT (P = 0.001).

We also calculated HOMA IR for the
subjects without insulin treatment (n =
182). IGFBP-1 and HOMA IR were
strongly inversely correlated (r = —0.437,
P < 0.001). This correlation remained
highly significant, even when adjusted for
age, sex, BMI, and diabetes duration (r =
—0.304, P < 0.001). HOMA IR was,
however, not correlated to IMT (data not
shown).

Partial correlation analysis for the en-
tire group, adjusted for age, sex, BMI, and
diabetes duration, revealed a significant
inverse correlation between IGFBP-1 and
Max IMT (r = —0.241, P = 0.018) and
IGFBP-1 and C-peptide (r = —0.415,P =
0.000). Correlations between IGFBP-1
and the other IMT values were also signif-
icant, except for ICA IMT (mean IMT r =
—0.571, P = 0.001; CCA IMT r =
—0.442,P =0.014; CBIMT r = —0.590,
P=0.001;and FW IMT r = —0.571,P =
0.001). Because the type of treatment in-
fluenced the IGF system in our study, as
also reported earlier (28), we repeated
this analysis including also presence of
oral or insulin medication. The relation-
ship between IGFBP-1 and Max IMT re-
mained significant in the entire study
group (r = —0.135,P = 0.041) and in the
subgroup with CVD (r = —0.258, P =
0.038).

In the group with clinical CVD, when
controlling for age, sex, BMI, and diabetes
duration, the parameters significantly as-
sociated with IMT in order of importance
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Table 2—Partial Pearson correlation of Max IMT with selected variables

No CVD With CVD
r P r P
Glucose* 0.000 0.998 0.197 0.296
HbA,. —0.081 0.532 0.252 0.179
C-peptide* 0.055 0.669 0.062 0.745
Pulse pressure 0.184 0.153 0.367 0.046
Total cholesterol 0.020 0.876 0.444 0.014
Triglycerides* —0.199 0.122 0.281 0.132
HDL cholesterol* 0.041 0.749 —=0.150 0.430
LDL cholesterol 0.071 0.584 0.491 0.006
ApoB* 0.042 0.748 0.542 0.002
Lp(@* 0.283 0.026 0.034 0.859
IGF-T* 0.123 0.338 0.047 0.804
IGFBP-1* —-0.153 0.235 —-0.614 0.000
IGFBP-3 0.003 0.982 0.147 0.439

Adjusted for age, sex, BMI, and duration of diabetes. *Log-transformed to achieve normal distribution.

were IGFBP-1, apoB, LDL cholesterol, to-
tal cholesterol, and pulse pressure (Table
2). In subjects without CVD, IGFBP-3
correlated inversely with Max IMT (r =
—0.168, P = 0.032), but this correlation
disappeared after adjustment for age, sex,
BMI, and diabetes duration. Lp(a) was the
only parameter significantly associated
with IMT in patients without CVD.

To further characterize the role of the
IGF system, we calculated the correla-
tions between IGF parameters and differ-
ent parameters of glucose and lipid
metabolism (Table 3). IGF-I and IGFBP-3
were significantly correlated with LDL
cholesterol and Lp(a). In addition,
IGFBP-3 correlated significantly with to-
tal cholesterol and apoB. There was no
significant association between IGFBP-1
and any of the lipoprotein parameters.
There was a strong inverse relationship
between IGFBP-1 and C-peptide. Param-
eters of glycemic control did not correlate
with the concentrations of IGF-I, 1G-
FBP-1, and IGFBP-3.

Linear regression analyses

To establish independent determinants of
Max IMT, we performed a linear regres-
sion analysis controlled for age, sex, BMI,
presence or absence of OHA or insulin
medication, and diabetes duration ini-
tially for the entire study group. In the
final model that explained 28.3% of vari-
ation of Max IMT (adjusted multiple R* =
0.283), the most important determinants
were age (standardized coefficient B =
341, P < 0.001), IGFBP-1 (—0.209, P =
0.017), pulse pressure (0.216, P =

0.023), and Lp(a) (0.185, P = 0.032).
Also, diabetes duration and insulin treat-
ment remained in this model but did not
reach statistical significance alone.

Similarly adjusted linear regression
analyses were also performed for both
subgroups. The model for subjects with-
out CVD explained 34.8% of variation in
Max IMT. The main determinants were
age (standardized coefficient B = 0.429,
P < 0.001) and albuminuria (0.323, P =
0.002). The other determinants remain-
ing in the model, but not individually sig-
nificant, were Lp(a), insulin treatment,
diabetes duration, and smoking, in order
of importance.

In the model for subjects with CVD,
of the included parameters (age, sex, dia-
betes duration, BMI, OHA, insulin treat-
ment, apoB, HbA, ., albuminuria, IGFBP-
1), only age (standardized coefficient § =

Table 3—Partial correlation between IGF-I,

0.351, P = 0.003), DM duration (0.246,
P = 0.034), IGFBP-1 (—0.183, P =
0.092), and sex (—0.162, P 0.138) re-
mained in the model. This model ex-
plained 23.6% of Max IMT variation in
subjects with CVD.

CONCLUSIONS — The novel find-
ing of this study is that a decrease of
IGFBP-1 is an important marker of ca-
rotid IMT in patients with type 2 diabetes.
This association was independent of lipid
metabolism, because IGFBP-1 concentra-
tion did not correlate with any of the in-
vestigated lipid or apoprotein parameters.
IGFBP-1 correlated with all the IMT pa-
rameters except ICA IMT.

This study confirmed the previous re-
sults that age, diabetes duration, and
blood pressure are important determi-
nants of carotid IMT in type 2 diabetes.
The presence of albuminuria was strongly
related to IMT in accordance with previ-
ous studies (6). The duration of diabetes
correlated significantly with carotid IMT
likewise in previous studies (29). The cor-
relation between Max IMT and diabetes
duration was significant in subjects with
CVD, and in subjects without CVD, there
was a clear trend for similar association.

Total, LDL, and HDL cholesterol have
failed to correlate with IMT in patients
with type 2 diabetes in several studies
(30), although these factors generally cor-
relate with IMT in subjects without diabe-
tes. This probably reflects the
epiphenomenon that diabetes itself is a
very strong CVD risk factor. In our study,
total and LDL cholesterol were associated
with IMT only in patients with clinical
CVD but not in the group without CVD.
After adjustment for age, sex, diabetes du-

IGFBP-1, IGFBP-3, and glucose and lipid

metabolism
IGF-1 IGFBP-1 IGFBP-3
r P r P r P

Triglycerides* —0.032 0.758  —0.055 0.592 0.058 0.574
Cholesterol 0.099 0.338 —0.072 0.486 0.254 0.013
LDL cholesterol 0.226 0.027 —0.130 0.206 0.292 0.004
HDL cholesterol* —0.140 0.174 0.084 0.417 —0.020 0.849
ApoB* 0.150 0.146 —0.197 0.054 0.234 0.022
Lp(a)* 0.204 0.047  —0.076 0.463 0.235 0.021
Glucose* —0.142 0.169 0.158 0.123 0.045 0.661
HbA,. —-0.171 0.096 —0.041 0.694 —0.050 0.628
C-peptide* 0.071 0.494 —0.415 0.000 —0.080 0.438

Adjusted for age, BMI, and duration of diabetes. *Log-transformed to achieve normal distribution.

1810

DiaBETES CARE, VOLUME 25, NUMBER 10, OcTOBER 2002

20z Iudy 60 uo 3senb Aq 4pd° 208100200 1OP/965685/208 /0 1/GZ/HPd-8]0IHE/81ED/WOD"JIBYDISA|IS EPE//:d]IY WO} papEeOjuMog



ration, and BMI, the typical features of
diabetic dyslipidemia, elevated triglycer-
ides, and low HDL cholesterol were not
associated with IMT in either of the
groups.

The inclusion criteria of the FIELD
Study excluded subjects with high serum
cholesterol levels (>5.5 mmol/l), aiming
to have a typical diabetic dyslipidemia.
The lipid values in our cohort are slightly
better than baseline values in the U.K.
Prospective Diabetes Study (UKPDS) and
Diabetes Atherosclerosis Intervention
Study (DAIS) (31,32). Therefore, the
power of lipoproteins as determinants of
IMT may be underestimated. However,
both apoB and LDL cholesterol correlated
with IMT in subjects with clinical CVD.
Interestingly, Lp(a) correlated signifi-
cantly with Max IMT. The association of
Lp(a) and IMT has been detected previ-
ously in various patient groups (7,33). In
the 117 Japanese type 2 diabetes subjects
(7), serum Lp(a) level correlated signifi-
cantly with carotid IMT and plaque
count; in addition, IMT and Lp(a) were
significantly associated with presence of
cerebrovascular disease but not coronary
heart disease.

Reduced IGFBP-1 concentration was
one of the main determinants of IMT in
the linear models adjusted for age, sex,
BMI, and diabetes duration. IGFBP-1 lev-
els have been reported to be higher in pa-
tients with type 2 diabetes (34) and lower
in subjects with impaired glucose toler-
ance compared with healthy subjects
(35). IGFBP-1 fluctuates rapidly in hu-
man plasma due to insulin-regulated (at-
tenuated) IGFBP-1 transcription (18).
The inverse relationship of IGFBP-1 with
insulin resistance, cardiovascular risk fac-
tors, and morbidity has been almost uni-
formly detected in previous studies.

IGFBP-1 levels have correlated nega-
tively with cardiovascular risk factors
such as low HDL cholesterol, triglycer-
ides, hypertension, insulin, proinsulin,
BMI, and waist-to-hip ratio both in type 2
diabetic and healthy subjects (15,21,35)
and positively with insulin sensitivity
(21,35). The lack of significant correla-
tions between IGFBP-1 and individual
cardiovascular risk factors in our study
may be due to the rather small size of the
study cohort. However, when the risk fac-
tors were clustered into metabolic syn-
drome, the association became
significant. Likewise, in earlier studies
(21,35), we found an inverse association

between HOMA IR and IGFBP-1 and be-
tween C-peptide and IGFBP-1, indicating
that a low IGFBP-1 concentration is a
marker of insulin resistance. Therefore,
the inverse relationship of IGFBP-1 with
carotid IMT may not be due to a direct
contribution by IGFBP-1 to the thicken-
ing of the carotid wall but may be an epi-
phenomenon of insulin resistance.

We found that IGF-1 and IGFBP-3
correlated positively with LDL cholesterol
and Lp(a) after controlling for age, sex,
BMI, and diabetes duration. IGFBP-3 also
correlated with total cholesterol and
apoB. In our study, however, IGF-1 and
IGFBP-3 did not correlate with either ca-
rotid IMT or the presence of CVD.

In growth hormone—deficient adults,
IGF-I concentrations have been reported
to be inversely correlated with carotid
IMT; moreover, IMT thickening was re-
versible and could be corrected by growth
hormone substitution (36). These data
suggest a beneficial effect of IGF-I on the
vasculature. In contrast, the correction of
growth hormone overproduction in acro-
megalic patients also resulted in reversion
of IMT thickening (37). Therefore, the in-
fluence of the IGF-system on atheroscle-
rosis is complex and may be substantially
modulated by the metabolic state.

In summary, the inverse relationship
of IGFBP-1 with IMT reinforces the role of
IGFBP-1 as a marker of insulin resistance
and cardiovascular risk in patients with
type 2 diabetes. The associations of IGF-1
and IGFBP-3 with dyslipidemia support
the hypothesis that an activated growth
hormone-IGF axis might be one of the
factors behind the increased risk of CVD
in the metabolic syndrome.

Acknowledgments— This work was sup-
ported by grants from the Finnish Diabetes
Association, the Helsinki University, the Finn-
ish Academy, and the Helsinki University
Central Hospital Research Funds.

We thank Arja Malkki for excellent reading
of the ultrasound scannings and Kimmo Ron-
kainen for expert IMT data management at Oy
Jurilab (www jurilab.com).

References

1. Laakso M: Hyperglycemia and cardiovas-
cular disease in type 2 diabetes. Diabetes
48:937-942, 1999

2. Salonen ]JT, Salonen R: Ultrasound
B-mode imaging in observational studies
of atherosclerotic progression (Review Ar-
ticle). Circulation 87 (Suppl. 3):1156-1165,

10.

11.

12.

13.

Leinonen and Associates

1993

. O'Leary DH, Polak JF, Wolfson SK Jr,

Bond MG, Bommer W, Sheth S, Psaty BM,
Sharrett AR, Manolio TA: Use of sonogra-
phy to evaluate carotid atherosclerosis in
the elderly: the Cardiovascular Health
Study: CHS Collaborative Research
Group. Stroke 22:1155-1163, 1991

. Lonn E: Carotid artery intima-media

thickness: a new non-invasive gold stan-
dard for assessing the anatomic extent of
atherosclerosis and cardiovascular risk?
Clin Invest Med 22:158-160, 1999

. O’Leary D, Polak JF, Kronmal RA, Savage

PJ, Borhani NO, Kittner JS, Tracy R, Gar-
dinJM, Price TR, Furberg CD: Thickening
of the carotid wall: a marker for athero-
sclerosis in the elderly? Cardiovascular
Health Study Collaborative Research
Group. Stroke 27:224-231, 1996

. Mykkéanen L, Zaccaro DJ, O'Leary DH,

Howard G, Robbins DC, Haffner S: Mi-
croalbuminuria and carotid artery intima-
media thickness in nondiabetic and
NIDDM subjects: the Insulin Resistance
Atherosclerosis Study (IRAS). Stroke 28:
1710-1714, 1997

. Yamamoto M, Egusa G, Yamakido M: Ca-

rotid atherosclerosis and serum lipopro-
tein(a) concentrations in patients with
NIDDM. Diabetes Care 20:829-831,
1997

. Salonen JT, Salonen R: Ultrasonographi-

cally assessed carotid morphology and the
risk of coronary heart disease. Arterioscler
Thromb 11:1245-1249, 1991

. Bots ML, Hoes AW, Koudstaal PJ, Hofman

A, Grobbee DE: Common carotid intima-
media thickness and risk of stroke and
myocardial infarction: the Rotterdam
Study. Circulation 96:1432-1437, 1997
Mohan V, Ravikumar R, Shanthi R, Deepa
R: Intimal medial thickness of the carotid
artery in South Indian diabetic and non-
diabetic subjects: the Chennai Urban
Populations Study (CUPS). Diabetologia
43:494-499, 2000
Temelkova-Kurktschiev TS, Koehler C,
Leonhardt W, Schaper F, Henkel E, Sieg-
ert G, Hanefeld M: Increased intimal-me-
dial thickness in newly detected type 2
diabetes: risk factors. Diabetes Care
22:333-338, 1999

Goff DC, D’Agostino RB, Haffner SM,
Saad ME, Wagengnecht LE, for the Insu-
lin Resistance Atherosclerosis Study In-
vestigators: Lipoprotein concentrations
and carotid atherosclerosis by diabetes
status: results from the Insulin Resistance
Atherosclerosis Study. Diabetes Care 23:
1006-1011, 2000

Bonora E, Tessari R, Micciolo R, Zenere
M, Targher G, Padovani R, Falezza G,
Muggeo M: Intimal-medial thickness of
the carotid artery in nondiabetic an
NIDDM patients. Diabetes Care 20:627—

DiaBETES CARE, VOLUME 25, NUMBER 10, OcTOBER 2002

1811

20z Iudy 60 uo 3senb Aq 4pd° 208100200 1OP/965685/208 /0 1/GZ/HPd-8]0IHE/81ED/WOD"JIBYDISA|IS EPE//:d]IY WO} papEeOjuMog



|
IGFBP-1 and carotid IMT in type 2 diabetes

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

631, 1997

Watarai T, Yamasaki Y, Tkeda M, Kubota
M, Kodama M, Tsujino T, Kishimoto M,
Kawamori R, Hori M: Insulin resistance
contributes to carotid arterial wall thick-
ness in patients with non-insulin-depen-
dent-diabetes mellitus. Endocr ] 46:629—
638, 1999

Gibson JM, Westwood M, Young RJ,
White A: Reduced insulin-like growth
factor binding protein-1 (IGFBP-1) levels
correlate with increased cardiovascular
risk in non-insulin dependent diabetes
mellitus (NIDDM). J Clin Endocrinol Metab
81:860-863, 1996

Sowers J: Insulin and insulin-like growth
factor in normal and pathological cardio-
vascularphysiology. Hypertension29:691—
699, 1997

Bayes-Genis A, Conover CA, Schwartz RS:
The insulin-like growth factor axis: a re-
view of atherosclerosis and restenosis.
Circ Res 86:125-130, 2000

Simpson HL, Umpleby AM, Russell-Jones
DL: Insulin-like growth factor I and dia-
betes: a review. Growth Horm IGF Res
8:83-95, 1998

Le Roith D: Insulin-like growth factors.
N Engl ] Med 336:633—640, 1997
Rabkin SW, Dawson KG, Bhaumick B,
O’Brien E, Kendler DL: Serum insulin,
IGF-I, IGF-II and growth hormone, and
left ventricular mass in noninsulin-de-
pendent diabetes mellitus. Can J Cardiol
12:264-270, 1996

Mohamed-Ali V, Pinkney JH, Panahloo A,
Cwyfan-Hughes S, Holly JM, Yudkin JS:
Insulin-like growth factor binding pro-
tein-1 in NIDDM: relationship with the
insulin resistance syndrome. Clin Endocri-
nol (Oxf) 50:221-228, 1999

Rehman U: The role of growth hormone
in the pathogenesis of vascular complica-
tions of diabetes mellitus. Am ] Med Sci
320:128-134, 2000

Koistinen H, Seppala M, Koistinen R: Dif-

24.

25.

26.

27.

28.

29.

30.

ferent forms of insulin-like growth factor
binding protein-3 detected in serum and
seminal plasma by immunofluorometric
assay with monoclonal antibodies. Clin
Chem 4:531-536, 1994

Koistinen H, Koistinen R, Selenius L,
Ylikorkala O, Seppéla M: Effect of mara-
thon run on serum IGF-I and IGF-bind-
ing protein 1 and 3 levels. ] Appl Physiol
80:760-764, 1996
Haffner S, Miettinen H, Stern M: The ho-
meostasis model in the San Antonio Heart
Study. Diabetes Care 20:1087-1092,
1997
Ylitalo K, Syvanne M, Salonen R, Nuotio I,
Taskinen M-R, Salonen JT: Carotid artery
intima-media thickness in Finnish fami-
lies with familial combined hyperlipid-
emia. Atherosclerosis 162:171-178, 2002
Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol
in Adults: Executive Summary of the
Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults
(Adult Treatment Panel III). JAMA 285:
2486-2497, 2001
Gibson JM, Westwood M, Crosby SR,
Gordon C, Holly JMP, Fraser W, Ander-
son C, White A, Young RJ: Choice of treat-
ment affects plasma levels of insulin-like
growth factor-binding protein-1 in non-
insulin dependent diabetes mellitus. ] Clin
Endocrinol Metab 80:1369-1375, 1995
Taniwaki H, Kawagishi T, Emoto M, Shoji
T, Kanda H, Maekawa K, Nishizawa Y,
Morii H: Correlation between the intima-
media thickness of the carotid artery and
aortic pulse wave velocity in patients with
type 2 diabetes. Diabetes Care 22:1851—
1857, 1999
Kanters SDJM, Algra A, Banga JD: Carotid
intima-media thickness in hyperlipid-
emic type I and type II diabetic patients.
Diabetes Care 20:276-280, 1997

31.

32.

33.

34.

35.

36.

37.

Turner RC, Millns H, Neil HAW, Stratton
IM, Manley SE, Matthews DR, Holman R:
Risk factors for coronary artery disease in
noninsulin dependent diabetes mellitus:
United Kingdom Prospective Diabetes
Study (UKPDS: 23). BMJ 316:823-828,
1998

Diabetes Atherosclerosis  Intervention
Study Investigators: Effect of fenofibrate
on progression of coronary-artery disease
in type 2 diabetes: the Diabetes Athero-
sclerosis Intervention Study, a random-
ised study. Lancet 357:905-910, 2001
Willeit J, Kiechl S, Santer P, Oberhollen-
zer F, Egger G, Jarosch E, Mair A: Li-
poprotein(a) and asymptomatic carotid
artery disease: evidence of a prominent
role in the evolution of advanced carotid
plaques: the Bruneck Study. Stroke
26:1582-1587, 1995

Clauson PG, Brismar K, Hall K, Linnars-
son R, Grill V: Insulin-like growth factor-1
and insulin-like growth factor binding
protein-1 in a representative population
of type 2 diabetic patients in Sweden.
Scand J Clin Lab Invest 58:353-360, 1998
Heald AH, Cruickshank JK, Riste LK,
Cade JE, Anderson S, Greenhalgh A, Sam-
payo J, Taylor W, Fraser W, White A, Gib-
son JM: Close relation of fasting insulin-
like growth factor binding protein-1
(IGFBP-1) with glucose tolerance and car-
diovascular risk in two populations. Dia-
betologia 44:333-339, 2001

Pfeifer M, Verhovec R, Zizek B, Prezelj J,
Poredos P, Clayton RN: Growth hormone
(GH) treatment reverses early atheroscle-
rotic changes in GH-deficient adults.
J Clin Endocrinol Metab 84:453—457,1999
Colao A, Spiezia S, Cerbone G, Pivonello
R, Marzullo P, Ferone D, Di Somma C,
Assanti AP, Lombardi L: Increased arterial
intima-media thickness by B-M mode
echodoppler ultrasonography in acro-
megaly. Clin Endocrinol 54:515-524,
2001

1812

DiaBETES CARE, VOLUME 25, NUMBER 10, OcTOBER 2002

20z Iudy 60 uo 3senb Aq 4pd° 208100200 1OP/965685/208 /0 1/GZ/HPd-8]0IHE/81ED/WOD"JIBYDISA|IS EPE//:d]IY WO} papEeOjuMog



