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OBJECTIVE — Inflammatory activity is increased in type 1 diabetes and may predispose to
vascular disease. Its origin is not clear. We therefore investigated determinants of inflammation
in type 1 diabetes.
RESEARCH DESIGN AND METHODS — We performed a nested case-control study
from the EURODIAB Prospective Complications Study of 543 European individuals having type
1 diabetes (278 men), diagnosed at ⬍36 years of age. Case subjects (n ⫽ 348) were those with
one or more complications of diabetes; control subjects (n ⫽ 195) were all those with no
evidence of any complication. We determined levels of C-reactive protein, interleukin-6, and
tumor necrosis factor-␣, combined them in a “general score of inflammatory markers,” and
investigated their associations with vascular risk factors and markers of endothelial dysfunction
by use of multiple linear regression analysis.
RESULTS — Measures of inflammation were associated with sex, diabetes duration, glycemic
control, the advanced glycation end product pentosidine, BMI, HDL cholesterol, triglycerides,
and systolic blood pressure (standardized ␤s with the general score of inflammatory markers
0.15 [P ⫽ 0.002], 0.15 [P ⫽ 0.006], 0.18 [P ⬍ 0.0001], 0.12 [P ⫽ 0.005], 0.10 [P ⫽ 0.057],
⫺0.15 [P ⫽ 0.001], 0.16 [P ⬍ 0.0001], and 0.09 [P ⫽ 0.042], respectively). In addition,
measures of inflammation were strongly associated with markers of endothelial dysfunction,
soluble vascular cell adhesion molecule-1, and soluble E-selectin (standardized ␤s with the
general score of inflammatory markers 0.28 [P ⬍ 0.0001] and 0.19 [P ⬍ 0.0001]).
CONCLUSIONS — We have shown that conventional risk factors for vascular disease and
endothelial adhesion molecules are important determinants of inflammation in type 1 diabetic
individuals, suggesting that strategies to decrease inflammatory activity in type 1 diabetes should
focus not only on control of conventional risk factors, but also on improvement of endothelial
function.
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Università di Bari, Bari, Italy; the 6Department of Medicine, University Hospital of Helsinki, Helsinki,
Finland; the 7Department of Epidemiology and Public Health, University College, London, U.K.; and the
8
Institute for Research in Extramural Medicine, VU University Medical Center, Amsterdam, the Netherlands.
Address correspondence and reprint requests to Prof. Coen D.A. Stehouwer, Department of Internal
Medicine, VU University Medical Center, De Boelelaan 1117, P.O. Box 7057, 1007 MB Amsterdam, The
Netherlands. E-mail: cda.stehouwer@vumc.nl.
Received for publication 1 November 2002 and accepted in revised form 8 April 2003.
Abbreviations: CRP, C-reactive protein; ELISA, enzyme-linked immunosorbent assay; IL-6, interleukin-6; TNF, tumor necrosis factor; VCAM-1, vascular cell adhesion molecule-1.
A table elsewhere in this issue shows conventional and Système International (SI) units and conversion
factors for many substances.
© 2003 by the American Diabetes Association.

DIABETES CARE, VOLUME 26, NUMBER 7, JULY 2003

A

therothrombosis is now widely
considered a chronic inflammatory
disease. In accordance, plasma
markers of inflammation, such as C-reactive protein (CRP) and interleukin-6
(IL-6) levels, are positively associated
with risk of vascular disease in nondiabetic individuals (1,2).
Diabetes is an important risk factor
for atherothrombosis, an association that
is not explained by conventional risk factors. In individuals with type 2 diabetes,
inflammatory activity is increased and is
strongly associated with risk of atherothrombosis (3,4). Inflammatory activity is
also increased in individuals with type 1
diabetes, as shown by increased concentrations of CRP (5,6) and tumor necrosis
factor (TNF)-␣ (7). This elevation of inflammatory markers is thought to be due,
in part, to hyperglycemia and the formation of advanced glycation end products
(8). However, it is not known what other
factors determine the increased inflammatory activity in type 1 diabetes. In particular, the roles of conventional risk
factors (2,5,7,9 –12), including advanced
glycation end products, and of endothelial dysfunction (4,5) have not been clarified. It is also not known whether the
presence of microvascular complications
influences the associations of conventional risk factors and endothelial dysfunction with inflammatory activity.
In view of these considerations, we
investigated determinants of inflammatory activity in the EURODIAB Prospective Complications Study, a representative sample of European individuals with
type 1 diabetes (13). Inflammatory activity was estimated from serum concentrations of CRP, IL-6, and TNF-␣. We
focused on two sets of potential determinants of inflammatory activity, namely,
conventional risk factors for atherothrombosis, including estimates of glycemic control and an advanced glycation
end product, and markers of endothelial
dysfunction (14,15). The latter was esti2165
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mated from the plasma concentrations of
the soluble adhesion molecules, vascular
cell adhesion molecule-1 (VCAM-1) and
E-selectin.
RESEARCH DESIGN AND
METHODS

Laboratory measurements
Follow-up blood samples were sent to
central laboratories for analysis. Measure2166

Statistical analysis
We employed a nested case-control approach to maximize efficiency. Case subjects were selected to have the greatest
complication burden as possible, to provide sufficient numbers for subgroup
analyses. Control subjects were selected
to be completely free of complications.
Thus case subjects were all those with cardiovascular disease or proliferative retinopathy or macroalbuminuria at followup, and all those with microalbuminuria
and some degree of retinopathy (n ⫽
348). Control subjects were all those who
had no evidence of cardiovascular disease, retinopathy, or neuropathy, and
were normoalbuminuric at follow-up
(n ⫽ 195). This selection allowed us to
compare individuals with and without
complications. Case subjects and control
subjects were unmatched, so that the impact of key variables, such as age, could
still be assessed, and any adjustments
were made at the analysis stage.
All analyses were performed with
SPSS 9.0 for Windows 95. CRP, IL-6,
TNF-␣, triglycerides, and pentosidine
had skewed distributions and were natural logarithm (ln)-transformed in all analyses. Linear regression was used to
investigate crude (univariate) and adjusted (multivariate) associations of CRP,
IL-6, TNF-␣, and a general score of inflammatory markers (see below; outcome
variables) with vascular risk factors (i.e.,
age, sex, duration of diabetes, HbA1c,
pentosidine, BMI, waist circumference,
HDL cholesterol, LDL cholesterol, triglycerides, systolic blood pressure, and pack-

years of smoking) and markers of
endothelial dysfunction (i.e., soluble
VCAM-1 and soluble E-selectin; determinants). In adjusted analyses, we forced all
the above vascular risk factors into the
model.
We constructed a general score of inflammatory markers that combined information on CRP, IL-6, and TNF-␣. For
each individual, the value of each inflammation marker was expressed as a Zscore, i.e., [(value in the individual minus
the mean value in the study population)
divided by the standard deviation], a
value that thus ranged from approximately ⫺2.5 to ⫹2.5. The general score of
inflammatory markers was then calculated as (Z-score of CRP ⫹ Z-score of IL-6
⫹ Z-score of TNF-␣)/3.
A P value of ⬍0.05 was considered
statistically significant.
RESULTS — Table 1 shows the baseline characteristics of the study population.
For Table 2, we initially performed
analyses stratified by the presence or absence of complications. As findings were
similar across strata in all analyses, except
those involving pentosidine, we combined the groups, except in analyses involving pentosidine.
Table 2 shows the crude and adjusted
associations of the inflammatory markers
and vascular risk factors. In crude analyses, female sex, age, duration of diabetes,
HbA1c, BMI, waist circumference, HDL
cholesterol (negatively), LDL cholesterol,
triglycerides, systolic blood pressure, and
pack-years of smoking were significantly
associated with most or all inflammatory
markers. Pentosidine was associated with
the general score of inflammatory markers similarly in individuals with and without complications, with IL-6 in individuals without complications, and with
TNF-␣ in individuals with complications.
In the adjusted analyses, sex and
HbA1c were significantly associated with
all inflammatory markers, although the
association of HbA1c with CRP was of borderline significance (P ⫽ 0.055). Age remained associated with TNF-␣ levels.
Duration of diabetes was associated with
TNF-␣ and the general score of inflammatory markers. BMI and waist circumference remained associated with CRP levels
only. HDL cholesterol was negatively associated with IL-6, TNF-␣, and the general score of inflammatory markers,
whereas LDL cholesterol was indepenDIABETES CARE, VOLUME 26, NUMBER 7, JULY 2003
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Subjects
The EURODIAB Prospective Complications Study is a follow-up of the EURODIAB Type 1 Diabetes Complications
Study (13). Baseline investigations (1988–
1991) were performed on 3,250 men and
women with type 1 diabetes from 31 European centers. Sample selection was
stratified by sex, age-group, and duration
of diabetes, to ensure sufficient representation in all categories. Type 1 diabetes
was clinically defined as a diagnosis made
before the age of 36 years, with a continuous need for insulin therapy within 1
year of diagnosis. The follow-up (EURODIAB Prospective Complications Study)
was performed on average 7–9 years later.
Of the 3,250 patients, 1,880 (57.8%) returned for examination (16). At followup, a nested case-control study of inflammatory markers was performed (17). This
report includes data on 543 individuals in
whom serum levels of inflammatory
markers (CRP, IL-6, and TNF- ␣) and endothelial markers (soluble VCAM-1 and
soluble E-selectin) were measured.
We assessed micro- and macrovascular complications; did a physical examination; measured height, weight, waist
circumference, and resting blood pressure; obtained information on smoking
habits; and measured biochemical variables according to a standardized protocol (13). Albumin excretion rates were
measured centrally from two 24-h urine
collections as previously described (16).
Micro- and macroalbuminuria were defined as an albumin excretion rate between 20 and 200 g/min and ⬎200
g/min, respectively. Retinopathy was
assessed from retinal photographs according to the EURODIAB protocol (18).
Cardiovascular disease was defined as a
positive medical history of myocardial infarction, angina, coronary artery bypass
graft, stroke, and/or ischemic changes on
a centrally Minnesota coded electrocardiogram (19).

ments included total cholesterol (n ⫽
538), HDL cholesterol (n ⫽ 537), triglycerides (n ⫽ 538), and HbA1c (n ⫽ 535)
(19). LDL cholesterol (n ⫽ 533) was calculated using the Friedewald formula.
CRP (n ⫽ 539) was measured with a
highly sensitive in-house enzyme-linked
immunosorbent assay (ELISA) (5). IL-6
(n ⫽ 536), TNF-␣ (n ⫽ 528), soluble
VCAM-1 (n ⫽ 539), and soluble Eselectin (n ⫽ 539) were measured by use
of commercially available ELISA kits
(R&D Systems, Oxon, U.K.).
Pentosidine levels were determined
in unhydrolyzed urine as previously
described (20). Urinary excretion of pentosidine was normalized for urine concentration by expressing it as nanomoles
of pentosidine per millimoles of urinary
creatinine.

Schram and Associates

Table 1—Characteristics of 543 type 1 diabetic patients

Variable

Hypertension (%)
Serum creatinine (mol/l)
Total cholesterol (mmol/l)
HDL cholesterol (mmol/l)
LDL cholesterol (mmol/l)
Triglycerides (mmol/l)
HbA1c (%)
Urinary pentosidine (nmol/mmol creatinine)
Soluble VCAM-1 (ng/ml)
Soluble E-selectin (ng/ml)
CRP (mg/l)
IL-6 (pg/ml)
TNF-␣ (pg/ml)
General score of inflammatory markers (sd)

Individuals without vascular
complications

P

348
185/163
23.6 (19.0–30.3)
41.8 ⫾ 10.6

195
93/92
13.8 (10.8–18.5)
36.1 ⫾ 8.1

0.2
⬍0.001
⬍0.001

25.0 ⫾ 3.1
24.7 ⫾ 3.9

24.5 ⫾ 2.3
23.2 ⫾ 2.8

0.19
⬍0.001

90.0 ⫾ 10.2
81.9 ⫾ 11.9

88.6 ⫾ 10.0
77.8 ⫾ 9.2

0.3
0.002

35.6
31.3
33.0

48.7
25.6
25.6

9.0 (1.0–27.0)
15.0 (7.5–27.5)

3.3 (0.6–10.3)
9.6 (1.8–16.9)

0.04
⬍0.001

12.4
42.8
44.8
38.9
24.2
36.9
34.8
128 ⫾ 22
76 ⫾ 12
57.5
75 (68–90)
5.49 ⫾ 1.20
1.60 ⫾ 0.43
3.28 ⫾ 1.10
1.14 (0.85–1.60)
9.0 ⫾ 1.6
0.47 (0.34–0.68)
432 ⫾ 142
36 ⫾ 17
1.32 (0.52–2.92)
2.14 (1.35–3.96)
3.17 (2.35–4.37)
0.21 ⫾ 0.72

—
—
—
—
—
—
—
115 ⫾ 13
74 ⫾ 11
13.4
72 (64–79)
4.97 ⫾ 1.09
1.69 ⫾ 0.45
2.86 ⫾ 0.93
0.84 (0.66–1.08)
7.7 ⫾ 1.3
0.42 (0.32–0.55)
378 ⫾ 103
30 ⫾ 11
0.69 (0.35–1.79)
1.55 (1.05–2.42)
2.23 (1.68–2.85)
⫺0.38 ⫾ 0.59

⬍0.001
0.06
⬍0.001
⬍0.001
⬍0.001
0.02
⬍0.001
⬍0.001
⬍0.001
0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001

Data are n, medians (interquartile range), means ⫾ SD, or %. Hypertension was defined as systolic pressure ⱖ140 mmHg, and/or diastolic pressure ⱖ90 mmHg,
and/or use of antihypertensive drugs.

dently associated only with TNF-␣. Triglyceride level was associated with CRP,
TNF-␣, and the general score of inflammatory markers. Systolic blood pressure
remained associated with TNF-␣ and the
general score of inflammatory markers.
Pack-years of smoking was not independently associated with any of the inflammatory markers. Pentosidine was independently associated with the general
score of inflammatory markers similarly
DIABETES CARE, VOLUME 26, NUMBER 7, JULY 2003

in individuals with and without complications; with IL-6 in individuals without
complications; and with TNF-␣ in individuals with complications.
The percentages of variation (R2) of
CRP, IL-6, TNF-␣, and the general score
of inflammatory markers explained by
the adjusted model were 22.6%, 11.1%,
27.9%, and 26.4%, respectively (Table 2).
Table 3 shows that in crude analyses
both soluble VCAM-1 and soluble E-

selectin were significantly associated with
all inflammatory markers. In adjusted
analyses, soluble VCAM-1 was associated
with IL-6, TNF-␣, and the general score
of inflammatory markers, whereas soluble E-selectin remained associated with
all inflammatory markers.
Adjustment of the association between vascular risk factors and the inflammatory markers for soluble VCAM-1
and soluble E-selectin did not change the
2167
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n
Sex (M/W)
Duration of type 1 diabetes (years)
Age (years)
BMI (kg/m2)
Men
Women
Waist circumference (cm)
Men
Women
Smoking status (%)
Never
Past
Current
Pack-years of smoking
Past
Current
Retinopathy (%)
No
Nonproliferative
Proliferative
Normoalbuminuria (%)
Microalbuminuria (%)
Macroalbuminuria (%)
Cardiovascular disease (%)
Systolic and diastolic blood pressure (mmHg)

Individuals with vascular
complications

Inflammation in type 1 diabetes

Table 2—Crude and adjusted associations of CRP, IL-6, TNF-␣, and the general score of inflammatory markers with conventional vascular risk
factors

CRP
SD

P

st(b)

515

TNF-␣
P

st(b)

515

P

st(b)

508

P
508

0.21
0.31

⬍0.0001
⬍0.0001

0.08
0.13

0.055
0.010

⫺0.13
⫺0.12

0.003
0.010

0.08
0.15

10.1

0.20
0.07

⬍0.0001
0.247

0.13
0.05

0.002
0.401

0.10
⫺0.17

0.019
0.002

0.20
⫺0.03

⬍0.0001
0.634

9.5

0.17
0.01

⬍0.0001
0.872

0.17
0.10

⬍0.0001
0.101

0.25
0.22

⬍0.0001
⬍0.0001

0.27
0.15

⬍0.0001
0.006

1.6

0.15
0.08

0.001
0.055

0.19
0.17

⬍0.0001
⬍0.0001

0.28
0.16

⬍0.0001
⬍0.0001

0.28
0.18

⬍0.0001
⬍0.0001

1.71*

0.08
0.01

0.075
0.779

—
—

—
—

0.18
0.12

⬍0.0001
0.005

1.72*

—
—

—
—

0.04
0.00

0.494
0.957

0.25
0.28

1.66*

—
—

—
—

0.26
0.24

⬍0.001
0.002

3.2

0.33
0.21

⬍0.0001
⬍0.0001

0.01
⫺0.01

11.6

0.21
0.13

⬍0.0001
0.025

0.06
0.04

—
—

—
—

0.077
0.002

⬍0.0001
⬍0.0001

—
—

—
—

⫺0.04
⫺0.04

0.542
0.646

—
—

—
—

0.035
0.866

0.14
0.04

0.001
0.458

0.25
0.10

⬍0.0001
0.057

0.149
0.575

0.14
⫺0.05

0.001
0.422

0.19
0.06

⬍0.0001
0.306

⫺0.21
⫺0.09

⬍0.0001
0.031

⫺0.19
⫺0.15

⬍0.0001
0.001

0.43

⫺0.06
⫺0.04

0.152
0.368

⫺0.15
⫺0.18

0.001
⬍0.0001

1.06

0.13
0.00

0.001
0.953

0.01
⫺0.06

0.885
0.237

0.28
0.10

⬍0.0001
0.025

0.19
0.02

0.001
0.654

1.71*

0.23
0.10

⬍0.0001
0.042

0.15
0.04

0.001
0.406

0.37
0.20

⬍0.0001
⬍0.0001

0.34
0.16

⬍0.0001
⬍0.0001

0.18
0.05

⬍0.0001
0.254

0.11
0.03

0.014
0.494

0.26
0.12

⬍0.0001
0.008

0.25
0.09

0.0003
0.042

0.11
0.07
22.6

0.014
0.098

0.05
⫺0.00
11.1

0.231
0.930

0.16
0.07
27.9

⬍0.0001
0.127

0.14
0.06
26.4

0.001
0.182

20

1.52

Standardized regression coefficient st(b), i.e., expressed per 1 SD of the independent variable, and P obtained by linear regression analyses with the inflammatory
markers, CRP, IL-6, TNF-␣, and the general score of inflammatory markers as dependent and vascular risk factors as independent variables. *Represents the SD of
the geometrical mean. †Stratified when associated different by presence of complications. ‡R2 represents the percentage of variability of the dependent variable
explained by the variables in the model. The adjusted model includes the variables sex, age, duration of diabetes, HbA1c, pentosidine, BMI, waist circumference, HDL
cholesterol, LDL cholesterol, triglycerides, systolic blood pressure, and pack-years of smoking (divided into quartiles). The change of the st(b), from ⫹ to ⫺ after
adjustment, in the association of age with TNF-␣ was caused by adjustment for duration of diabetes.

2168
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n
Sex (W vs. M)
Crude
Adjusted
Age (years)
Crude
Adjusted
Duration of diabetes (years)
Crude
Adjusted
HbA1c (%)
Crude
Adjusted
Pentosidine (nmol/mmol creatinine)
Crude
Adjusted
Individuals with complications†
Crude
Adjusted
Individuals without complications†
Crude
Adjusted
BMI (kg/m2)
Crude
Adjusted
Waist circumference (cm)
Crude
Adjusted
HDL cholesterol (mmol/l)
Crude
Adjusted
LDL cholesterol (mmol/l)
Crude
Adjusted
Triglycerides (mmol/l)
Crude
Adjusted
Systolic blood pressure (mmHg)
Crude
Adjusted
Pack-years of smoking
Crude
Adjusted
Adjusted model (R2)‡

st(b)

IL-6

General score of
inflammatory
markers

Schram and Associates
Table 3—Crude and adjusted associations of CRP, IL-6, TNF-␣, and the general score of inflammatory markers with markers of endothelial
dysfunction

CRP
SD

P

st(b)

515

131

15

TNF-␣
P

st(b)

515

P

st(b)

508

P
508

0.10
0.06

0.019
0.177

0.21
0.14

0.0001
0.002

0.49
0.40

0.0001
⬍0.0001

0.40
0.28

⬍0.0001
⬍0.0001

0.12
0.12
24.1

0.007
0.005

0.18
0.17
15.2

0.0001
0.0001

0.23
0.13
42.9

0.0001
0.001

0.24
0.19
36.0

⬍0.0001
⬍0.0001

Standardized regression coefficient st(b), i.e., expressed per 1 SD of the independent variable, and P obtained by linear regression analyses with the inflammatory
markers; CRP, IL-6, TNF-␣, and the general score of inflammatory markers as dependent and soluble VCAM-1 and soluble E-selectin as independent variables.
Adjusted model includes the variables sex, age, duration of diabetes, HbA1c, pentosidine, BMI, waist circumference, HDL cholesterol, LDL cholesterol, triglycerides,
systolic blood pressure, and pack-years of smoking. *R2 represents the percentage of variability of the dependent variable explained by the variables in the model
including both VCAM-1 and E-selectin.

standardized ␤s of the vascular risk factors markedly, except for the standardized ␤s of HbA 1c , pentosidine, and
systolic blood pressure. HbA1c was associated with CRP, IL-6, TNF-␣, and the
general score of inflammatory (standardized ␤s 0.08 [P ⫽ 0.055], 0.17 [P ⬍
0.0001], 0.16 [P ⬍ 0.0001], and 0.18
[P ⬍ 0.0001]). Additional adjustment for
soluble VCAM-1 and soluble E-selectin
weakened these associations (standardized ␤s 0.04 [P ⫽ 0.30], 0.11 [P ⫽ 0.01],
0.08 [P ⫽ 0.02], and 0.11 [P ⫽ 0.008]).
Pentosidine was associated with the general score of inflammatory markers and,
in individuals without complications,
with IL-6 (standardized ␤s 0.12 [P ⫽
0.005] and 0.24 [P ⫽ 0.002]). Additional
adjustment weakened these associations
(standardized ␤s 0.04 [P ⫽ 0.34] and
0.11 [P ⫽ 0.03]). Systolic blood pressure
was associated with TNF-␣ and the general score of inflammatory markers (standardized ␤s 0.12 [P ⫽ 0.008] and 0.09
[P ⫽ 0.04]). Additional adjustment for
markers of endothelial dysfunction weakened these associations (standardized ␤s
0.04 [P ⫽ 0.30] and 0.04 [P ⫽ 0.39]).
The R2 of the models including further adjustment for soluble VCAM-1 and
soluble E-selectin (Table 3) increased versus those without further adjustment
(Table 2). Notably, the R2 for TNF-␣ increased from 27.9 to 42.9%, and for the
general score of inflammatory markers
from 26.4 to 36.0%.
DIABETES CARE, VOLUME 26, NUMBER 7, JULY 2003

Additional analyses
Additional adjustment for serum creatinine levels did not markedly change any
of the above analyses, except for the association between the general score of inflammatory markers and systolic blood
pressure, where the standardized ␤ decreased from 0.09 (P ⫽ 0.04) to 0.03 (P ⫽
0.48) (other data not shown). Analyses
restricted to fasting individuals (n ⫽ 239)
for triglycerides did not materially change
the results (data not shown).
CONCLUSIONS — Inflammation is
thought to play an important role in
atherothrombosis (21). Inflammatory activity is increased in type 1 diabetes (5–7),
a disease that confers a high risk of atherothrombosis. It is therefore important to
investigate the determinants of inflammatory activity. The present study shows
that, in type 1 diabetes, markers of inflammatory activity are associated with
sex, diabetes duration, glycemic control,
pentosidine, BMI, HDL cholesterol (inversely), triglycerides, and systolic blood
pressure. In addition, this is the first study
to show that, in type 1 diabetes, inflammatory activity was strongly associated
with the adhesion molecules and putative
markers of endothelial dysfunction, soluble VCAM-1 and soluble E-selectin. This
suggests that endothelial dysfunction
plays an important role in the inflammatory activity associated with this disease.
This study also shows that conventional
risk factors and endothelial dysfunction

are important determinants of inflammatory activity regardless of the presence or
absence of complications.
Female sex was independently associated with higher levels of CRP and IL-6
but lower levels of TNF-␣, in partial
agreement with in vitro results (22). A
higher prevalence of subclinical urinary
infection in women (6) or sex differences
in body fat distribution might explain the
higher levels of CRP and IL-6 in women
(23,24). However, all individuals with
urinary infection were excluded from this
study. The fact that adjustment for waist
circumference did not decrease the effect
of sex on CRP and IL-6 argues against the
latter interpretation and, in addition, cannot explain the lower TNF-␣ levels in
women. The finding of lower levels of
TNF-␣ is in line with a recently reported
in vitro experiment showing that TNF-␣
secretion from mononuclear cells in response to a lipopolysaccharide stimulus is
lower in women than in men (22). The
mechanisms behind these sex differences
remain to be elucidated.
We show that HbA1c is strongly and
consistently associated with all inflammatory markers tested, although a somewhat
weaker association with CRP was found.
Such associations have been reported previously (7,12,25,26), although those
studies did not adjust for other vascular
risk factors. The associations between
HbA 1c and inflammatory activity decreased after adjustment for markers of
endothelial dysfunction, which suggests
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dividuals. The exact action of HDL cholesterol in preventing cardiovascular
events remains to be elucidated (34), but
our data lend some support to the concept
that the beneficial effect of high HDL cholesterol levels is associated with its antiinflammatory actions, at least in type 1
diabetes. In addition, we clearly cannot
exclude the reverse interpretation, that
increased inflammatory activity causes
changes in lipid profile (35), as prospective studies are needed to do this. Nevertheless, our data show that in type 1
diabetes, as in type 2 diabetes (25), inflammatory activity and dyslipidemia are
clustered phenomena that may both contribute to the risk of vascular disease (36).
Systolic blood pressure was associated with all inflammatory markers in
crude analyses and remained associated
with TNF-␣ and the general score of inflammatory markers in adjusted analyses.
The prevalence of hypertension in our
population was generally high, i.e.,
41.7%, owing to the nested case-control
approach of this study. High systolic pressure in the vascular tree may damage the
endothelial cells and vascular tissue,
thereby inducing an inflammatory response (37). Similar associations between
inflammation and systolic blood pressure
were found in population studies (1,12,
24,30,32).
Somewhat unexpectedly, pack-years
of smoking were not associated with any
of the inflammatory markers in adjusted
analyses, whereas previous studies did
find an association between pack-years of
smoking and levels of CRP (2,30,38).
However, those studies were populationbased (2,30) or included elderly individuals only (38), whereas our population is
a highly selected group of type 1 diabetic
patients.
Markers of endothelial dysfunction
were strongly associated with inflammatory activity, which is in accordance with
previous findings in type 1 and 2 diabetes
(5,39). VCAM-1 and E-selectin enhance
the adherence of leukocytes to the endothelium and their transport into the subendothelial intima, where they transform
into macrophages and produce cytokines
such as IL-6 and TNF-␣, which stimulate
the production of CRP by the liver. Our
data show that concentrations of soluble
VCAM-1 and soluble E-selectin, which
are thought to reflect their expression on
the endothelial cell membrane, contribute substantially to the variation of the

general score of inflammatory markers.
Therefore, one interpretation of these
findings is that endothelial dysfunction
causes increased inflammatory activity.
Because of the cross-sectional design of
this study, we obviously cannot exclude
the possibility that inflammation causes
increased expression of adhesion molecules and thus endothelial dysfunction
(9,21,40). A recent longitudinal study in
type 2 diabetic patients has shown that
inflammation and endothelial dysfunction are mutually interrelated and progress
with time, without one clearly preceding
the other (4). This suggests that, in diabetes, inflammation induces endothelial
dysfunction (9,21,40) and that endothelial dysfunction may increase inflammatory activity, thus creating a vicious circle
(4).
Information about the inflammatory
state of an individual can become of clinical relevance since factors that determine inflammation can be modified.
Glycemic control, BMI, dyslipidemia,
and systolic blood pressure are wellestablished therapeutic targets in diabetes.
Soluble VCAM-1 and soluble E-selectin
may be new therapeutic targets. Several
substances, such as antioxidants (41),
anti–VCAM-1 antibodies (42), and aminoguanidine treatment (43), have been
suggested to reduce membrane-bound
VCAM-1 expression. Furthermore, statins (44), ACE inhibitors (45), and antioxidants (46) have been reported to
reduce soluble E-selectin levels.
A limitation of the present study is its
cross-sectional design. However, no longitudinal data of this type in large groups
of type 1 diabetes patients exist, and
therefore this cross-sectional study may
serve as a reasonable starting point to explore these associations in type 1 diabetes.
Concentrations of inflammatory and endothelial dysfunction markers were only
measured once, which might have diluted
the associations we found, which thus may
to some extent have been underestimated.
In conclusion, we have shown that
conventional risk factors for vascular disease, including glycemic control and an
advanced glycation end product, and endothelial adhesion molecules are important determinants of inflammation in type
1 diabetic individuals. These data suggest
that strategies to decrease inflammatory
activity in type 1 diabetes should focus
not only on the treatment of conventional
DIABETES CARE, VOLUME 26, NUMBER 7, JULY 2003
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that poor glycemic control induces inflammatory activity in part through endothelial dysfunction. A close link between
poor glycemic control, inflammation, and
endothelial dysfunction has also recently
been demonstrated in type 2 diabetes
(27). HbA1c may reflect the biological activities of hyperglycemia, Amadori products, and advanced glycation end
products, all of which can induce inflammation (28,29). In accordance, this study
shows that the advanced glycation end
product pentosidine was strongly associated with the general score of inflammatory markers, and that this association
was independent of HbA1c. The associations between pentosidine and individual
inflammatory markers appeared to differ
according to complication status (Table
2). There was a strong association with
TNF-␣ in individuals with complications,
and with IL-6 individuals without complications, a finding that—in the absence
of a plausible biological mechanism, and
because of the differences in the association of pentosidine with TNF-␣ and IL6 —we interpret as due to chance.
Adipocytes can produce IL-6 and
TNF-␣, and many studies in nondiabetic
(9 –11,25,26,30,31) and type 2 diabetic
(26,32) individuals have shown an association between estimates of body fat and
inflammatory activity. Our data show that
BMI was associated with all inflammatory
markers in crude analyses, but only with
CRP in adjusted analyses. The latter is
consistent with previous data (5,6,10). It
is not clear why associations with IL-6
and TNF-␣ were weakened after adjustment, but the consistent association with
CRP, a strong risk factor for atherothrombosis (33), suggests that even minor increases in body fat may be relevant in
young type 1 diabetic individuals.
Levels of triglycerides and HDL cholesterol (inversely) were strongly associated with inflammatory activity, which is
consistent with data in nondiabetic individuals (1,11,12). LDL cholesterol was
associated with inflammatory activity in
crude analyses, but the association disappeared in adjusted analyses. Adjustment
for HDL cholesterol and triglycerides may
explain this finding. Changes in HDL
cholesterol and triglyceride levels often
cluster in diabetes. Such unfavorable
changes in lipid profile are thought to facilitate the formation of foam cells in the
arterial wall, and may thereby increase the
inflammatory state in type 1 diabetic in-
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risk factors, but also on the improvement
of endothelial function.
Acknowledgments — The EURODIAB PCS
was supported by grants from the Wellcome
Trust, the European Community, and Diabetes UK. We would like to thank all the investigators and patients who very kindly
participated in the study.

DIABETES CARE, VOLUME 26, NUMBER 7, JULY 2003

Steering Committee members
J.H. Fuller (London), B. Karamanos,
Chairman (Athens), A.-K. Sjolie (Aarhus),
N. Chaturvedi (London), M. Toeller
(Dusseldorf), G. Pozza, Co-chairman (Milan), B. Ferriss (Cork), M. Porta (Turin),
R. Rottiers (Gent), G. Michel (Luxembourg).
Coordinating center
J.H. Fuller, N. Chaturvedi, J. Holloway,
D. Webb, University College London.

3.

4.

5.

6.

7.

8.

Central laboratories
G.-C. Viberti, R. Swaminathan, P. Lumb,
A. Collins, S. Sankaralingham, Guy’s and
St Thomas Hospital, London, UK.
Retinopathy grading center
S. Aldington, T. Mortemore, H. Lipinski,
Royal Postgraduate Medical School of Imperial College London, London, UK.
References
1. Koenig W, Sund M, Frohlich M, Fischer
HG, Lowel H, Doring A, Hutchinson WL,
Pepys MB: C-reactive protein, a sensitive
marker of inflammation, predicts future
risk of coronary heart disease in initially
healthy middle-aged men: results from
the MONICA (Monitoring Trends and
Determinants in Cardiovascular Disease)
Augsburg Cohort Study, 1984 to 1992.
Circulation 99:237–242, 1999
2. Mendall MA, Patel P, Ballam L, Strachan

9.

10.

11.

D, Northfield TC: C reactive protein and
its relation to cardiovascular risk factors: a
population based cross sectional study.
BMJ 312:1061–1065, 1996
Jager A, Van Hinsbergh VW, Kostense PJ,
Emeis JJ, Yudkin JS, Nijpels G, Dekker
JM, Heine RJ, Bouter LM, Stehouwer CD:
von Willebrand factor, C-reactive protein,
and 5-year mortality in diabetic and nondiabetic subjects: the Hoorn Study. Arterioscler Thromb Vasc Biol 19:3071–3078,
1999
Stehouwer CD, Gall MA, Twisk JW,
Knudsen E, Emeis JJ, Parving HH: Increased urinary albumin excretion, endothelial dysfunction, and chronic lowgrade inflammation in type 2 diabetes:
progressive, interrelated, and independently associated with risk of death. Diabetes 51:1157–1165, 2002
Schalkwijk CG, Poland DC, van Dijk W,
Kok A, Emeis JJ, Drager AM, Doni A, Van
Hinsbergh VW, Stehouwer CD: Plasma
concentration of C-reactive protein is increased in type I diabetic patients without
clinical macroangiopathy and correlates
with markers of endothelial dysfunction:
evidence for chronic inflammation. Diabetologia 42:351–357, 1999
Kilpatrick ES, Keevil BG, Jagger C,
Spooner RJ, Small M: Determinants of
raised C-reactive protein concentration in
type 1 diabetes. QJM 93:231–236, 2000
Lechleitner M, Koch T, Herold M, Dzien
A, Hoppichler F: Tumour necrosis factoralpha plasma level in patients with type 1
diabetes mellitus and its association with
glycaemic control and cardiovascular risk
factors. J Intern Med 248:67–76, 2000
Schmidt AM, Hori O, Chen JX, Li JF,
Crandall J, Zhang J, Cao R, Yan SD, Brett J,
Stern D: Advanced glycation endproducts
interacting with their endothelial receptor
induce expression of vascular cell adhesion molecule-1 (VCAM-1) in cultured
human endothelial cells and in mice: a
potential mechanism for the accelerated
vasculopathy of diabetes. J Clin Invest 96:
1395–1403, 1995
Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW: C-reactive protein in healthy
subjects: associations with obesity, insulin resistance, and endothelial dysfunction: a potential role for cytokines originating from adipose tissue? Arterioscler
Thromb Vasc Biol 19:972–978, 1999
Mendall MA, Patel P, Asante M, Ballam L,
Morris J, Strachan DP, Camm AJ, Northfield TC: Relation of serum cytokine concentrations to cardiovascular risk factors
and coronary heart disease. Heart 78:
273–277, 1997
Onat A, Sansoy V, Yildirim B, Keles I,
Uysal O, Hergenc G: C-reactive protein
and coronary heart disease in western
Turkey. Am J Cardiol 88:601– 607, 2001

2171

Downloaded from http://diabetesjournals.org/care/article-pdf/26/7/2165/655995/dc0703002165.pdf by guest on 11 August 2022

The EURODIAB Prospective
Complications Study Group
B. Karamanos, A. Kofinis, K. Petrou, Hippokration Hospital, Athens, Greece; F.
Giorgino, L. Laviola, G. De Pergola, G.
Picca, A. Angarano, R. Giorgino, Medicina Interna, Endocrinologia e Malattie
Metaboliche D.E.T.O., Università degli
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