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Relationships of Plasma Interleukin-18
Concentrations to Hyperhomocysteinemia
and Carotid Intimal-Media Wall
Thickness in Patients With Type 2
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OBJECTIVE — We compared plasma interleukin (IL)-18 concentrations in patients with
type 2 diabetes with those in age-matched control subjects and investigated whether plasma
IL-18 was associated with plasma total homocysteine (tHcy) concentration or carotid intimal-
media wall thickness (IMT), an early marker of atherosclerosis, in these patients.

RESEARCH DESIGN AND METHODS — We measured plasma IL-18 in 103 type 2
diabetic patients and 45 age-matched control subjects. We also measured patients’ plasma tHcy
and serum high-sensitivity C-reactive protein (hs-CRP). IMT was evaluated for both common
carotid arteries.

RESULTS — Plasma IL-18 was significantly higher in diabetic patients than in control sub-
jects (203 = 153 vs. 118 = 37 pg/ml, P < 0.001). High IL-18 was defined as equaling or
exceeding the mean + 2 SD of plasma IL-18 in control subjects (192 pg/ml). Patients with high
IL-18 showed a greater carotid IMT than those with normal IL-18. Carotid plaques were more
numerous in diabetic patients with high IL-18 than in those with normal 1L-18. Plasma tHcy
concentrations were significantly higher in patients with high 1L-18 than in those with normal
IL-18. Univariate and multivariate analyses showed a strong independent association between
tHcy and IL-18. Plasma IL-18 also correlated positively with serum hs-CRP.

CONCLUSIONS — In patients with type 2 diabetes, plasma IL-18 concentrations are greater
than in nondiabetic subjects. Plasma IL-18 is an independent determinant of plasma tHcy, which

is linked independently with atherosclerotic carotid wall thickening.

Diabetes Care 26:2622-2627, 2003

atients with type 2 diabetes have a
high incidence of atherosclerosis,
which leads to increased morbidity
and mortality from coronary artery dis-
ease (CAD), cerebrovascular disease, and

peripheral vascular disease (PVD) (1-3).
Atherosclerosis is a chronic low-grade in-
flammatory disease (4—6). Plasma con-
centrations of several inflammatory
markers such as C-reactive protein (CRP)
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and interleukin (IL)-6 have been linked
with future cardiovascular disease (CVD)
in a variety of clinical settings (7,8). IL-18
stimulates release of interferon-y, shows
potent activities on inflammatory and vas-
cular cells, and is considered a proinflam-
matory cytokine (9). Recently, increased
expression of IL-18 has been reported in
carotid ulcerated atherosclerotic plaques
(10), suggesting that IL-18 also plays a
role in plaque destabilization. A recent
study (11) identified high serum IL-18
concentrations as a strong predictor of
death from cardiovascular causes in pa-
tients with CAD.

Hyperhomocysteinemia has been as-
sociated with atherothrombotic vascular
diseases such as CAD, stroke, and PVD
(12-14). A previous study (15) demon-
strated that moderate hyperhomocys-
teinemia is a stronger risk factor for CVD
in patients with type 2 diabetes than in
nondiabetic subjects, suggesting a syn-
ergistic effect of diabetes with hyper-
homocysteinemia that accelerates the
development of atherosclerosis. Although
homocysteine can exert vascular toxicity
via several mechanisms (16), hyperho-
mocysteinemia was not associated with
serum high-sensitivity CRP (hs-CRP), a
marker of low-grade inflammation in pre-
vious studies (17,18). Moreover, no re-
ports have examined the associations of
plasma IL-18 with CVD or total homocys-
teine (tHcy) concentrations in patients
with type 2 diabetes.

The present study was therefore un-
dertaken to compare plasma concentra-
tions of IL-18 in patients with type 2
diabetes with those in age-matched con-
trol subjects and to investigate whether
plasma IL-18 is associated with tHcy con-
centration or carotid intimal-media wall
thickness (IMT), an early marker of ath-
erosclerosis (19), in patients with type 2
diabetes.

2622

DiaBETES CARE, VOLUME 26, NUMBER 9, SEPTEMBER 2003

¥20¢ Iudy 01 uo 3sanb Aq ypd-zz9200€060°P/0E | §99/2292/6/92/4Pd-8]01E/21ED/WOD IIEYDISA|IS BPE//:d}}Y WOI) papeojumoq



1000 -

800

P<0001

500 ‘

400

IL-18 (pg/mL)

200 -

Control

Ao DOTI0 @ O ©

Diabetes

Figure 1—Plasma IL—18 concentrations in patients with type 2 diabetes and in age-matched

nondiabetic control subjects.

RESEARCH DESIGN AND
METHODS — We studied 103 type 2
diabetic patients (47 women and 56
men). The diabetic patients were referred
to the diabetes outpatient clinic at the
Dokkyo University Hospital for glycemic
control. The diagnosis of type 2 diabetes
was made according to the criteria of the
World Health Organization. All patients
who fulfilled the following inclusion cri-
teria were considered for the study: no
episodes of ketoacidosis, initial diagnosis
of diabetes at >30 years of age, insulin
therapy, if any, initiated after at least 5
years of known disease, and no demon-
strable antibodies to glutamic acid decar-
boxylase. Age and diabetes duration
(mean * SD) were 59.2 = 12.2 and
11.6 = 8.2 years, respectively. BMI was
23.7 = 3.8 kg/m”. CVD was defined as
CAD, stroke, and PVD. CAD was defined
as a history of myocardial infarction, cor-
onary artery bypass grafting, or an abnor-
mal coronary angiogram. Stroke was
defined as a history of ischemic stroke
confirmed by cerebral computed tomog-
raphy or magnetic resonance imaging.
PVD was defined as a history of peripheral
artery reconstruction or amputation of a
foot. Twenty-six of the diabetic patients
had CVD.

Forty-six of the diabetic patients had
hypertension, defined as systolic blood
pressure >140 mmHg and/or diastolic
blood pressure >90 mmHg or, alterna-
tively, as treatment with one or more an-
tihypertensive agents. The latter included
ACE inhibitors (n = 14), calcium block-
ers (n = 24), and angiotensin receptor
blockers (n = 7).

As a control group, 45 nondiabetic
subjects were selected to match the over-
all age and sex distribution of the diabetic
group. Their age was 55.1 = 11.3 years,
and their BMI was 23.8 * 3.9 kg/m?. All
patients gave informed consent. The
study was approved by the Dokkyo Uni-
versity Institutional Review Board.

Venous blood was obtained between
6:00 and 7:00 a.m. after an overnight fast.
Plasma IL-18 concentrations were mea-
sured using a commercially available en-
zyme-linked immunosorbent assay
(MBL, Nagoya, Japan) (intra- and interas-
say coefficients of variation [CV] 5.03 and
6.25%, respectively). Plasma concentra-
tions of IL-6 were measured by a chemi-
luminescent enzyme assay (CLEIA Kkit;
Fujirebio, Tokyo, Japan) (intra- and inter-
assay CV 5.24 and 6.83%). Serum hs-CRP
was determined by an immunonephelo-
metricassay kit (Dade Behring, Marburg,
Germany) (intra- and interassay CV 1.72
and 2.80%). Plasma concentrations of
tHey were measured in EDTA-anticoagu-
lanted plasma using high-pressure liquid
chromatography (intra- and interassay
CV 1.44 and 5.09%). Plasma insulin
levels were determined by a radioim-
munoassay. The insulin resistance was
evaluated by the homeostasis model as-
sessment (HOMA-IR), which was calcu-
lated as follows: HOMA-IR = fasting
plasma insulin level (wU/ml) X fasting
plasma glucose (FPG) (mmol/1)/22.5.

Urinary albumin excretion (UAE)
concentrations after a 24-h collection
were measured with an immunoturbidi-
metric assay. According to the rate of UAE
in a 24-h collection, normoalbuminuria
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was defined as UAE <30 mg/24 h (n =
45), microalbuminuria as UAE 30-299
mg/24h (n = 40), and macroalbuminuria
as UAE >300 mg/24 h (n = 18).

Carotid IMT of the common carotid
artery was determined using duplex ultra-
sonography with a high-resolution 7.5-
MHz transducer (SSA-380A; Toshiba,
Tokyo, Japan). Carotid IMT was defined
as the distance from the leading edge of
the first echogenic line to the leading edge
of the second echogenic line in the sono-
graphic image (20). Measurements of
IMT were made at each of the three sites of
the greatest thickness on both sides. Ca-
rotid IMT was defined as the mean of
these maximal IMT measurements.
Plaques were defined as the presence of
focal, severe wall thickening (IMT >2.0
mm), wall irregularity, and calcification.
All scans were performed by a trained
physician (U. Tigo).

Statistical analysis

Data are presented as mean * SD or me-
dian and interquartile range. Differences
were analyzed by Student’s unpaired t test
or the Mann-Whitney U test. Correlation
was determined by linear regression anal-
ysis or multivariate analysis. Significance
of differences in prevalence between
groups was analyzed by a x* test. Loga-
rithmic transformation of plasma IL-18,
hs-CRP, and UAE was used to render the
distribution normal for the parametric
tests. A P value <0.05 was accepted as
indicating statistical significance.

RESULTS — Plasma concentrations of
IL-18 were significantly higher in diabetic
patients than in age-matched control sub-
jects (203 £ 153 vs. 118 £ 37 pg/ml, P <
0.001) (Fig. 1). Plasma concentrations of
tHcy were also significantly higher in di-
abetic patients than in age-matched con-
trol subjects (8.96 * 3.04vs. 6.92 = 1.36
pmol/l, P < 0.0001). Carotid IMT was
significantly greater in diabetic patients
than in control subjects (0.89 % 0.42 vs.
0.59 = 0.11 mm, P < 0.0001).

Using the mean + 2 SD for IL-18 con-
centrations in the control group as a cutoff
value, patients with 1L-18 concentrations
=192 pg/ml were defined as the high—
IL-18 group (n = 37) and those with values
<192 pg/ml as the normal-IL-18 group
(n = 66). We then compared clinical vari-
ables between diabetic patients in the two
groups. As shown in Table 1, no differences
in age, diabetes duration, or BMI were
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Table 1—Characteristics of type 2 diabetic patients with normal and high plasma IL-18  than in age-matched control subjects.

concentrations Mechanisms responsible for elevation of

plasma IL-18 in diabetic patients remain
Variables Normal 1L-18 High IL-18 to be determined. However, Fhe present

study showed that FPG was higher in the
n (M/F) 06 (32/34) 37 (24/13) patients with high IL-18 than in those
Age (years) 582 125 60.9 £ 11.5 with normal IL-18. Furthermore, multi-
BMI (kg/m?) 235*39 240 = 3.7 variate and univariate analyses showed a
Diabetes duration (years) 10.0 (6.0-15.0) 10.5 (3.5-16.0) significant positive correlation between
FPG (mmol/D) 98+32 11.5 £ 5.2% plasma IL-18 and FPG. A hyperglycemic
HbA, . (%) 95x19 98=x22 glucose clamp study has shown that
Total cholesterol (mmol/l) 52*+12 54*20 plasma IL-18 increases within 2 h of
Triglyceride (mmol/l) 1.9 (1.3-2.6) 2.1(1.5-2.8) clamping in both control subjects and
HDL cholesterol (mmol/l) 1.3*04 1.2+03 subjects with impaired glucose tolerance
C-peptide (nmol/) 0.66 = 0.40 0.80 = 0.42 (21). However, we found no significant
Creatinine clearance (ml/min) 82.3 * 32.0 71.8 = 30.4 correlation between plasma IL-18 and
UAE (mg/24 h) 45 (11-191) 40 (14-130) HbA,_, a measure of average blood glu-
tHey (pmol/D) 83*26 10.1 * 3.5% cose concentration during the preceding
Mean carotid IMT (mm) 0.75 £ 0.24 1.02 = 0.55% 6—8 weeks, in the diabetic patients. One
Plaque 8(12) 12 (32)* possible explanation is that current hy-
Hypertension 26 29) 20 (54) perglycemia, as opposed to chronic hy-
CVvD 14 2D 11 (30) perglycemia, may affect plasma
Treatment (D/OHA/insulin) 18/34/14 11/20/6 concentrations of IL-18 in the diabetic pa-

Data are mean *+ SD, median (interquartile ranges), or n (%). *P <0.05, 1P < 0.01 vs. normal IL-18. D, diet ~ tients, since the hyperglycemic clamp

alone; OHA, oral hypoglycemic agents.

present between the two groups. FPG was
significantly higher in patients with high
1L-18 than in those with normal IL-18 (P <
0.05). We found no differences in blood
lipid profile between the two groups. Cre-
atinine clearance was also similar between
the two groups. Plasma concentrations of
tHey were significantly higher in patients
with high IL-18 than in those with normal
IL-18 (P < 0.01). Carotid IMT was signifi-
cantly greater in patients with high IL-18
than in those with normal IL-18 (P < 0.01).
The number of plaques was higher in pa-
tients with high IL-18 than in those with
normal IL-18 (P < 0.05). However, we
found no significant difference in preva-
lence of CVD between the two groups.

By linear regression analysis, we
found a significant correlation between
plasma IL-18 and FPG (P < 0.05) or total
cholesterol (P < 0.05) in the diabetic pa-
tients (Table 2). Furthermore, plasma
concentrations of 1L-18 correlated posi-
tively with serum hs-CRP (r = 0.27, P =
0.0096) (Fig. 2A) and with plasma tHcy
(r=10.41, P <0.0001) (Fig. 2B). Plasma
concentrations of IL-18 tended to corre-
late positively with mean carotid IMT (r =
0.22, P = 0.0564) (Table 2).

To determine independent factors for
plasma concentrations of IL-18, we per-
formed multivariate analysis controlling
for age, diabetes duration, blood pres-

sure, blood lipids, glycemic control, and
renal function. In a model that explained
51.1% of variation of plasma IL-18, age
(partial coefficient = 0.277, P = 0.045),
FPG (partial coefficient = 0.305, P =
0.025), and plasma tHcy (partial coeffi-
cient = 0.545, P = 0.000) were indepen-
dent determinants of plasma IL-18 in
patients with type 2 diabetes (Table 3).
Next, we divided the diabetic patients
into two groups according to presence of
CVD. As shown in Table 4, we found no
difference in age, duration of diabetes,
glycemic control, or blood lipid profile
between diabetic patients with and with-
out CVD. However, creatinine clearance
was significantly lower in patients with
CVD than in those without CVD (P <
0.05). Both hs-CRP and IL-6 were signif-
icantly higher in patients with CVD than
in those without CVD (P < 0.01, respec-
tively). However, we found no significant
difference in plasma IL-18 concentration
between these two groups. Plasma con-
centrations of tHey tended to be higher in
the patients with CVD than in those with-
out CVD. Hypertension was more preva-
lent in patients with CVD (P < 0.01).

CONCLUSIONS — The present
study demonstrated for the first time that
plasma IL-18 concentrations were signif-
icantly higher in type 2 diabetic patients

study also showed plasma IL-18 concen-
trations rising to a peak at 2 h and return-
ing to basal levels at 3 h (21). Although
hyperglycemia appears likely to contrib-
ute to elevation of plasma IL-18 concen-

Table 2—Univariate analysis of relation-
ships between plasma IL-18 and characteris-
tics of patients with type 2 diabetes

IL-18
Variables r P
Age (years) 0.1113 0.2801
BMI (kg/m?>) 0.1735 0.0990
Diabetes duration —0.0848 0.4405
(years)
SBP (mmHg) 0.1027 0.3381
DBP (mmHg) 0.0893 0.4502
FPG (mmol/l) 0.2405 0.0182
HbA,. (%) 0.0504 0.6274
Total cholesterol 0.2315 0.0234
(mmol/1)
Triglyceride (mmol/1) 0.1440 0.1637
HDL cholesterol —0.1369 0.1858
(mmol/1)
HOMA-IR 0.1788 0.0889
Fasting C-peptide 0.1652 0.1155
(nmol/1)
Creatinine clearance —0.126 0.1855
(ml/min)
UAE (log,, mg/24 h) 0.1027 0.3302
Mean carotid IMT (mm) 0.217  0.0564

DBP, diastolic blood pressure; SBP, systolic blood
pressure.
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Figure 2—Correlation between plasma IL-18 concentrations and hs-CRP (A) or tHcy (B) in

patients with type 2 diabetes.

trations in patients with type 2 diabetes, it
would be helpful to evaluate changes in
plasma IL-18 concentrations after lower-
ing fasting plasma glucose. We then ex-
amined the relationship between plasma
IL-18 and insulin resistance, a measure of
HOMA-IR, in diabetic patients. We found
no significant correlation between plasma
IL-18 and HOMA-IR or fasting C-peptide.

We found that plasma concentrations
of IL-18 correlated positively with plasma
concentrations of tHey in patients with
type 2 diabetes. Furthermore, multivari-
ate analysis showed that plasma tHcy is an
independent determinant of plasma IL-
18. This is the first study to demonstrate a
possible relationship between plasma
IL-18 and tHey in type 2 diabetic patients.

Hyperhomocysteinemia is associated
with high incidence of CAD, stroke, and
PVD (12-14). Several studies have re-
ported that in patients with type 2 diabe-
tes, elevated plasma tHcy is also
associated with increased prevalence of
CVD (22,23). Furthermore, previous
studies have reported that plasma con-
centrations of tHey are elevated in type 2
diabetic patients, especially those with di-
abetic nephropathy (24,25). We also
found that plasma concentrations of tHey
were significantly higher in diabetic pa-
tients than in control subjects. Taking
these findings together, elevated plasma
tHcy concentrations may be associated
with an increase in plasma IL-18 in pa-
tients with type 2 diabetes. Mechanisms

Aso and Associates

underlying the relationship between
plasma IL-18 and tHcy concentrations in
patients with type 2 diabetes remain un-
clear. However, since IL-18 is produced
mainly by monocytes and macrophages
(26), increased plasma homocysteine
would be likely to stimulate IL-18 secre-
tion by these cell types. However, effects
of homocysteine on IL-18 secretion by
cultured monocytes or macrophages have
not been reported, so such an in vitro
study should be carried out. It would also
be helpful to determine whether the low-
ering of homocysteine concentrations
with folic acid would result in lower con-
centrations of IL-18. In patients with type
2 diabetes, the synergistic effects of hy-
perglycemia and hyperhomocysteinemia
most likely contribute to the elevation of
IL-18 in plasma.

Evidence is accumulating that IL-18
is a proatherogenic cytokine associated
with the development of CVD. A recent
study demonstrated increased IL-18 ex-
pression in human atherosclerotic
plaques in association with plaque desta-
bilization (10). In a mouse model, exoge-
nous IL-18 administration increased
atherosclerotic lesion size in apolipopro-
tein E~/~ mice through release of inter-
feron-y (27). An in vitro study has shown
that IL-18 signaling mediated by IL-18 re-
ceptors on endothelial cells or smooth

Table 3.—Multivariate analysis of relation-
ships between plasma IL-18 concentrations
and selected variables in type 2 diabetic pa-
tients

Partial

Variables coefficient p

Age (years) 0.277 0.045
Diabetes duration (years) —0.054 0.704
BMI (kg/m?) 0.093 0.510
SBP (mmHg) —0.155 0.267
DBP (mmHg) —0.030 0.833
FPG (mmol/l) 0.308 0.025
HbA,. (%) —0.063 0.655
Total cholesterol (mmol/l) 0.217 0.119
Triglyceride (mmol/1) —0.100 0.475
HDL cholesterol (mmol/l) —0.081 0.562
UAE (log,, mg/24 h) —0.184 0.188
Creatinine clearance —0.083 0.555

(ml/min)

Serum C-peptide (nmol/1) 0.064 0.461
tHey (umol/) 0.545 0.000

R* = 0.511 (adjusted multiple R* = 0.376). DBP,
diastolic blood pressure; SBP, systolic blood pres-

sure.
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Table 4—Demographic clinical and laboratory data for type 2 diabetic patients with or

without cardiovascular disease

No CVD CVD

n (M/F) 77 (40/37) 26 (16/10)
Age (years) 575127 64.2 9.0
BMI (kg/m?) 23.5 £ 3.75 24.4 + 408
Diabetes duration (years) 10.0 (6.0-15.0) 10.0 (4.5-14.5)
FPG (mmol/l) 10.2 £ 3.53 11.0 £ 545
HbA,. (%) 9.76 + 2.03 920 = 1.91
Creatinine clearance (ml/min) 82.3 = 30.7 67.3 = 31.6%
Total cholesterol (mmol/l) 524 +1.11 548 =233
Triglyceride (mmol/1) 1.84 (1.30-2.60) 2.01 (1.59-3.05)
HDL cholesterol (mmol/l) 1.26 = 0.32 1.18 = 0.36
hs-CRP (log,, ng/ml) 2.73 £0.66 3.27 £0.657

IL-6 (pg/ml)

IL-18 (pg/ml)

tHey (pmol/D)
Hypertension

Treatment (D/OHA/insulin)

2.30 (1.50-3.60)
152.5 (114.5-205.0)

3.80 (2.65-5.65)T
161.0 (133.0-219.5)

8.7 *£3.0 10.0 2.8
30 (39) 19 (73)T
23/42/12 6/12/8

Data are mean * SD, median (interquartile ranges), orn (%). *P < 0.05, tP < 0.01. D, diet alone; OHA, oral

hypoglycemic agents.

muscle cells induced atherogenesis via
IL-6 and IL-8 release, as well as expres-
sion of adhesion molecules and matrix
metalloproteinase (28). Furthermore, a
prospective clinical study demonstrated
that plasma IL-18 concentration was a
strong predictor of cardiovascular death
in patients with stable or unstable angina
(11). Thus, elevated plasma concentra-
tions of IL-18 might be associated with
acceleration of atherosclerosis in type 2
diabetic patients. The present study also
showed that diabetic patients with high
IL-18 had a greater carotid IMT than
those with normal IL-18. Furthermore,
numbers of carotid plaques were higher
in diabetic patients with high IL-18 than
in those with normal I1L-18. Carotid IMT,
amarker of early atherosclerosis, not only
shows a strong relationship with CVD risk
factors but also predicts cardiovascular
events such as myocardial infarction (29—
31). However, we found no significant
difference in the prevalence of CVD be-
tween the patients with high IL-18 and
those with normal IL-18. Conversely, no
significant difference in plasma IL-18 was
demonstrated between patients with and
without CVD. We therefore could not
confirm an association of plasma IL-18
with the presence of clinically manifested
atherosclerotic disease. These results sug-
gest that elevated plasma IL-18 concen-
trations may be associated at least with
early carotid atherosclerosis, but not ad-

vanced atherosclerosis, in patients with
type 2 diabetes.

However, plasma tHcy itself has been
demonstrated to be an independent risk
factor for increased carotid artery wall
thickness (32-34). We found that plasma
tHey was significantly higher in patients
with high IL-18 than in those with normal
IL-18. Thus, we could not determine
whether IL-18 or homocysteine was the
predominant contributor to increased ca-
rotid IMT in type 2 diabetic patients. Al-
though several mechanisms for
homocysteine-induced vascular disease
have been proposed, including atherogene-
sis resulting from endothelial dysfunction
(35), smooth muscle cell proliferation (36),
and hypercoagulation (37), we speculate
that inflammation or plaque instability me-
diated by elevated plasma IL-18 concentra-
tion represents a novel mechanism by
which hyperhomocysteinemia could accel-
erate development of atherosclerosis in dia-
betic patients.

The cross-sectional nature of the rela-
tionship between plasma IL-18 and hy-
perhomocysteinemia or carotid IMT is a
major limitation in the present study. The
causal relationship cannot be proven by
cross-sectional data. A prospective study
is required to confirm the causality among
plasma IL-18 and hyperhomocysteinemia
or carotid IMT.

Increased circulating 1L-18 in type 2
diabetic patients, possibly a consequence

of elevated tHcy concentrations in plas-
ma, may contribute at a relatively early
stage to the development of tHcy-
associated atherosclerotic disease. Unlike
other cytokines, elevated plasma IL-18
may be associated with atherosclerotic
plaque instability, which may cause acute
coronary syndrome. Our study implies
that practitioners treating type 2 diabetes
should be aware of the risk of hyperho-
mocysteinemia in diabetic patients with
high plasma IL-18. Suppression or antag-
onism of IL-18 might prove clinically
beneficial.

Acknowledgments— We thank U. ligo for
technical assistance and S. Moriyama at SRL
for his kind assistance.

References
1. Kannel WB, MacGee DL: Diabetes and
glucose tolerance as risk factors for car-
diovascular disease: the Framingham
study. Diabetes Care 2:120-126, 1979
2. DeFronzo RA: Pathogenesis of type 2
(non-insulin-dependent) diabetes melli-
tus: a balanced overview. Diabetologia 35:
389-397, 1992
3. Haffner SM, Lehto S, Ronnemaa T,
Pyorala K, Laakso M: Mortality from
coronary heart disease in subjects with
type 2 diabetes and nondiabetic subjects
and without prior myocardial infarction.
N Engl ] Med 339:229-234, 1998
4. Ross R: Atherosclerosis: an inflammatory
disease. N Engl ] Med 340:115-125, 1999
5. Libby P: Molecular basis of acute coro-
nary syndromes. Circulation 91:2844—
2850, 1995
6. Libby P, Ridker PM, Maseri A: Inflamma-
tion and atherosclerosis. Circulation 105:
1135-1143, 2002
7. Ridker PM, Hennekens CH, Burning JE,
Rifai N: C-reactive protein and other
markers of inflammation in the prediction
of cardiovascular disease in women.
N Engl ] Med 342:836-842, 2000
8. Ridker PM, Rifai N, Stampfer MJ, Hennek-
ens CH: Plasma concentration of interleu-
kin-6 and the risk of future myocardial
infarction among apparently healthy men.
Circulation 101:1767-1772, 2000
9. Okamura H, Tsutsui H, Kashiwamura S,
Yoshimoto T, Nakanishi K: Interleukin-
18: a novel cytokine that augments both
innate and acquired immunity. Adv Im-
munol 70:281-312, 1998
10. Mallat Z, Corbaz A, Scoazec A, Besnard
S, Leseche G, Chvatchko Y, Tedgui A:
Expression of interleukin-18 in human
atherosclerotic plaques and relation to

2626

DiaBETES CARE, VOLUME 26, NUMBER 9, SEPTEMBER 2003

¥20¢ Iudy 01 uo 3sanb Aq ypd-zz9200€060°P/0E | §99/2292/6/92/4Pd-8]01E/21ED/WOD IIEYDISA|IS BPE//:d}}Y WOI) papeojumoq



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

plaque instability. Circulation 104:1598—
1603, 2001

Blankenberg S, Tiret L, Bickel C, Peetz D,
Cambien F, Meyer ], Rupprecht HJ,
AtheroGene Investigators: Interleukin-18
is a strong predictor of cardiovascular
death in stable and unstable angina. Cir-
culation 106:24-30, 2002

Stampfer MJ, Malinow MR, Willett WC,
Newcomer LM, Upson B, Ullmann D,
Tishler PV, Hennekens CH: A prospective
study of plasma homocyst(e)ine and risk
of myocardial infarction in US physicians.
JAMA 268:877-881, 1992

Perry 1J, Refsum H, Morris RW, Ebrahim
SB, Ueland PM, Shaper AG: Prospective
study of serum total homocysteine concen-
tration and risk of stroke in middle-aged
British men. Lancet 346:1395-1398, 1995
van den Berg M, Stehouwer CD, Bier-
drager E, Rauwerda JA: Plasma homocys-
teine and severity of atherosclerosis in
young patients with lower-limb athero-
sclerotic disease. Arterioscler Thromb Vasc
Biol 16:165-171, 1996

Hoogeveen EK, Kostense PJ, Beks PJ,
Mackaay AJ, Jakobs C, Bouter LM, Heine
RJ, Stehouwer CD: Hyperhomocysteine-
mia is associated with an increased risk
of cardiovascular disease, especially in
non-insulin-dependent diabetes melli-
tus: a population-based study. Arterio-
scler Thromb Vasc Biol 18:133-138, 1998
Jacobsen DW: Homocysteine and vita-
mins in cardiovascular disease. Clin Chem
44:1833-1843, 1998

Becker A, Van Hinsbergh VW, Kostense
PJ, Jager A, Dekker JM, Nijpels G, Heine
RJ, Bouter LM, Stehouwer CD: Serum ho-
mocysteine is weakly associated with von
Willebrand factor and soluble vascular
cell adhesion molecule 1, but not with C-
reactive protein in type 2 diabetic and
non-diabetic subjects: the Hoorn Study.
Eur J Clin Invest 30:763-770, 2000

Auer JW, Berent R, Eber B: Lack of asso-
ciation of increased C-reactive protein
and total plasma homocysteine (Letter).
Circulation 104:E164, 2001

Kanters SD, Algra A, van Leeuwen MS,
Banga JD: Reproducibility of in vivo carotid
intima-media thickness measurements: a
review. Stroke 28:665-671, 1997

Pignoli P, Tremoli E, Poli A, Oreste P, Pa-

21.

22.

23.

24.

25.

26.

27.

28.

oletti R: Intimal plus medial thickness of
the arterial wall: a direct measurement
with ultrasound imaging. Circulation 74:
1399-1406, 1986

Esposito K, Nappo F, Marfella R, Giugli-
ano G, Giugliano F, Ciotola M, Quagliaro
L, Ceriello A, Giugliano D: Inflammatory
cytokine concentrations are acutely in-
creased by hyperglycemia in humans: role
of oxidative stress. Circulation 106:2067—
2072, 2002

Smulders YM, Rakic M, Slaats EH,
Treskes M, Sijbrands EJ, Odekerken DA,
Stehouwer CD, Silberbusch J: Fasting and
post-methionine homocysteine levels in
NIDDM: determinants and correlations
with retinopathy, albuminuria, and car-
diovascular disease. Diabetes Care 22:
125-132, 1999

Buysschaert M, Dramais AS, Wallemacq
PE, Hermans MP: Hyperhomocysteine-
mia in type 2 diabetes: relationship to
macroangiopathy, nephropathy, and in-
sulin resistance. Diabetes Care 23:1816—
1822, 2000

Wollesen F, Brattstrom L, Refsum H, Ue-
land PM, Berglund L, Berne C: Plasma total
homocysteine and cysteine in relation to
glomerular filtration rate in diabetes melli-
tus. Kidney Int 55:1028-1035, 1999
Davies L, Wilmshurst EG, McElduff A,
Gunton J, Clifton-Bligh P, Fulcher GR:
The relationship among homocysteine,
creatinine clearance, and albuminuria in
patients with type 2 diabetes. Diabetes
Care 24:1805-1809, 2001

Okamura H, Tsutsi H, Komatsu T, Yutsudo
M, Hakura A, Tanimoto T, Torigoe K,
Okura T, Nukada Y, Hattori K, et al: Clon-
ing of a new cytokine that induces IFN-
gamma production by T cells. Nature 378:
88-91, 1995

Whitman SC, Ravisankar P, Daugherty A:
Interleukin-18 enhances atherosclerosis
in apolipoprotein E(-/-) mice through re-
lease of interferon-gamma. Circ Res 90:
E34-E38, 2002

Gerdes N, Sukhova GK, Libby P, Reyn-
olds RS, Young JL, Schonbeck U: Expres-
sion of interleukin (IL)-18 and functional
IL-18 receptor on human vascular endo-
thelial cells, smooth muscle cells, and
macrophages: implications for atherogen-
esis. | Exp Med 195:245-257, 2002

29.

30.

31

32.

33.

34.

35.

36.

37.

Aso and Associates

Bots ML, Hoes AW, Koudstaal PJ, Hof-
man A, Grobbee DE: Common carotid in-
tima-media thickness and risk of stroke
and myocardial infarction: the Rotterdam
Study. Circulation 96:1432-1437, 1997
Hodis HN, Mack W], LaBree L, Selzer RH,
Liu CR, Liu CH, Azen SP: The role of ca-
rotid arterial intima-media thickness in
predicting clinical coronary events. Ann
Intern Med 128:262-269, 1998

O’Leary DH, Polak JF, Kronmal RA,
Manolio TA, Burke GL, Wolfson SK Jr:
Carotid-artery intima and media thick-
ness as a risk factor for myocardial in-
farction and stroke in older adults:
Cardiovascular Health Study Collabora-
tive Research Group. N Engl ] Med 340:
14-22,1999

Selhub J, Jacques PF, Bostom AG, D’Agos-
tino RB, Wilson PW, Belanger AJ, O'Leary
DH, Wolf PA, Schaefer EJ, Rosenberg IH:
Association between plasma homocysteine
concentrations and extracranial carotid-ar-
tery stenosis. N Engl ] Med 332:286-291,
1995

McQuillan BM, Beilby JP, Nidorf M,
Thompson PL, Hung J: Hyperhomo-
cysteinemia but not the C677T mutation
of methylenetetrahydrofolate reductase
is an independent risk determinant of
carotid wall thickening: the Perth Carotid
Ultrasound Disease Assessment Study
(CUDAS). Circulation 99:2383-2388, 1999
Adachi H, Hirai Y, Fujiura Y, Matsuoka H,
Satoh A, Imaizumi T: Plasma homocysteine
levels and atherosclerosis in Japan: epidemi-
ological study by use of carotid ultrasonog-
raphy. Stroke 33:2177-2181, 2002

van Guldener C, Stehouwer CD: Hyper-
homocysteinemia, vascular pathology, and
endothelial dysfunction. Semin Thromb
Hemost 26:281-289, 2000

Tsai JC, Perrella MA, Yoshizumi M, Hsieh
CM, Haber E, Schlegel R, Lee ME: Pro-
motion of vascular smooth muscle cell
growth by homocysteine: a link to ath-
erosclerosis. Proc Natl Acad Sci U S A 91:
6369-6373, 1994;

Lentz SR, Piegors DJ, Fernandez JA, Erger
RA, Arning E, Malinow MR, Griffin JH, Bot-
tiglieri T, Haynes WG, Heistad DD: Effect of
hyperhomocysteinemia on protein C acti-
vation and activity. Blood 100:2108-2112,
2002

DiaBETES CARE, VOLUME 26, NUMBER 9, SEPTEMBER 2003

2627

¥20¢ Iudy 01 uo 3sanb Aq ypd-zz9200€060°P/0E | §99/2292/6/92/4Pd-8]01E/21ED/WOD IIEYDISA|IS BPE//:d}}Y WOI) papeojumoq



