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Abstract
Aims/hypothesis AGEs, modification products formed by
glycation or glycoxidation of proteins and lipids, have been
linked to premature atherosclerosis in patients with diabetes.
We investigated whether increased serum levels of AGEs

predict total, cardiovascular (CVD) or CHD mortality in a
population-based study.
Subjects and methods Serum levels of AGEs were deter-
mined by immunoassay in a random sample of 874 Finnish
diabetic study participants (488 men, 386 women), aged
45–64 years. These participants were followed for 18 years
for total, CVD and CHD mortality.
Results Multivariate Cox regression models revealed that
serum levels of AGEs were significantly associated with
total (p=0.002) and CVD mortality (p=0.021) in women,
but not in men. Serum levels of AGEs in the highest sex-
specific quartile predicted all-cause (hazards ratio [HR]
1.51; 95% confidence intervals [CI], 1.14–1.99; p=0.004),
CVD (HR 1.56; 95% CI 1.12–2.19; p=0.009), and CHD
(HR 1.68; 95% CI 1.11–2.52; p=0.013) mortality in
women, even after adjustment for confounding factors,
including high-sensitivity C-reactive protein.
Conclusions/interpretation Increased serum levels of AGEs
predict total and CVD mortality in women with type 2
diabetes.
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Introduction

AGEs are short- and long-term modification products of
glycation or glycoxidation of proteins and lipids [1, 2].
They are a heterogeneous group of compounds with
multiple biological effects, some of which are mediated
by interacting with receptors, including RAGE (the receptor
for AGE) on endothelial cells, smooth muscle cells and
macrophages [3–5]. Furthermore, AGEs have been identi-
fied in atherosclerotic plaques [6]. They are thought to
contribute to the development of atherosclerosis by activat-
ing the transcription factor NF-κB through RAGE binding,
resulting in induction of cellular adhesion molecule
expression and cytokine activation [7, 8], or through
glycoxidation of lipoproteins and increased foam cell
formation [9, 10]. AGEs might also quench nitric oxide
activity and mediate impaired endothelial function [11].
Several important AGE compounds have been described,
including the glycoxidation and lipoxidation product
N "-(carboxymethyl)lysine (CML) [2, 12], which is a ligand
for RAGE [13]. Methylglyoxal modification probably
represents the major protein modification by glycation in
diabetes, and occurs on both intra- and extracellular
proteins [14].

Increased AGE modification of long-lived proteins, such
as collagen, increases cross-linking and stiffening of
arteries [15]. Experimental studies in animals and in
humans have shown that treatments that break the cross-
links result in greater vascular compliance [16, 17]. In a
cross-sectional study, elevated levels of circulating AGEs
correlated with the extent of coronary artery occlusion in
type 2 diabetic patients [18]. We recently reported that high
serum levels of AGEs predict mortality from CHD in non-
diabetic women, but not in non-diabetic men [19].

To date, no prospective follow-up study has been
conducted on a large sample of diabetic individuals to
examine whether there is a relationship between serum
levels of AGEs and the development of cardiovascular
complications. Therefore, the aim of the present study was
to investigate whether increased serum levels of AGEs
predict total, cardiovascular disease (CVD) and CHD
mortality in 874 individuals with type 2 diabetes.

Subjects and methods

Baseline study The study population included 1,059 indi-
viduals (581 men, 478 women) with type 2 diabetes, aged
45–64 years, born and living in Kuopio, located in eastern
Finland, or in Turku, situated in western Finland. The
selection of the study population has been described in
detail previously [20]. Study participants with type 1
diabetes were excluded on the basis of the age of onset of

diabetes, history of ketoacidosis, and glucagon-stimulated
C-peptide measurements at baseline. The present study
included 874 participants (488 men, 386 women) with type
2 diabetes whose serum samples were available for the
measurement of AGEs.

The study protocol included one outpatient visit to the
Clinical Research Unit of the University of Kuopio or the
Rehabilitation Research Centre of the Social Insurance
Institution in Turku during 1982–1984, as described in
detail previously [20]. The visit included an interview on
the history of chest pain suggestive of CHD, smoking,
alcohol intake, physical activity, and the use of drugs. The
medical records of study participants who reported that they
had been admitted to hospital for chest pain symptoms were
reviewed after careful standardization of the methods
between the reviewers in Kuopio (M. Laakso) and Turku
(T. Rönnemaa). The WHO criteria for verified definite or
possible myocardial infarction (MI), based on chest pain
symptoms, ECG changes, and enzyme determinations, were
used to define previous MI [21]. A stroke was defined as a
definite or possible stroke verified in hospital according to
the WHO criteria [22]. Lower extremity amputations for
vascular causes were recorded. Prior MI, stroke or lower
extremity amputation due to vascular causes were defined
as prior CVD.

Smoking status was based on an interview. In all
statistical analyses, participants were classified as non-
smokers or current smokers. Blood pressure was measured
in the sitting position after a 5 min rest with a mercury
sphygmomanometer, and read to the nearest 2 mmHg.
Participants were classified as having hypertension if they
were receiving drug treatment for hypertension or if their
systolic blood pressure was at least 160 mmHg or diastolic
blood pressure was at least 95 mmHg.

At baseline, 273 diabetic men (55.9%) and 269 diabetic
women (69.7%) were hypertensive. Diabetes was treated
with diet alone in 71 men (14.5%) and 43 women (11.1%),
with oral hypoglycaemic drugs but not with insulin in 358
men (73.4%) and 281 women (72.8%), and with insulin in
59 men (12.1%) and 61 women (15.8%).

All laboratory specimens were drawn at baseline
(08.00 h) after a 12 h fast, and were subsequently stored
frozen at −20°C until analysis. Serum levels of AGEs were
measured with a competitive immunoassay developed in
our laboratory [23]. Briefly, we used polyclonal anti-AGE
antibodies from a rabbit immunised with AGE-RNAse.
Europium-labelled anti-rabbit IgG was used as an indicator,
and AGE-BSA was used as a standard. Triplicates of the
standard or sample together with a fixed amount of anti-
AGE antibody were added to microtitre plate wells coated
with AGE-BSA. The plates were incubated while shaking
for 2 h, washed, and then indicating antibodies were added.
After a further 1 h of incubation, europium chelate delayed
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fluorescence was measured. One AGE unit was defined as
the displacement activity of 1 μg/ml AGE-BSA standard
[24]. The inter-assay coefficient of variation was 15% for
the control in the median range of the assay curve, and 24%
for the control in the lower range. Two batches of
antibodies obtained from one animal were used in measure-
ments. Because no significant differences were found
between the results obtained in these batches, they were
pooled for statistical analyses. No significant differences in
baseline characteristics were found between the volunteers
who were included in the present study and those who were
not, i.e. between those with serum samples available for
AGE determination and those without samples available.

Fasting plasma glucose was determined by the glucose
oxidase method (Boehringer Mannheim). Serum lipids and
lipoproteins were determined from fresh serum samples.
Serum total cholesterol (intra-assay variation 1.6%) and
triacylglycerol (intra-assay variation 2.6%) was assayed by
automated enzymatic methods (Boehringer Mannheim,
Mannheim, Germany). Serum HDL-cholesterol (intra-assay
variation 1.7%) was determined enzymatically after precip-
itation of LDL and VLDL particles with dextran sulphate-
MgCl2 [25]. LDL-cholesterol was calculated using the
Friedewald formula [26]. Total protein concentration (inter-
assay variation 4.5%) was measured with the Coomassie
Brilliant Blue method (Bio-Rad Laboratories, Hercules,
CA, USA). High-sensitivity C-reactive protein (hs-CRP)
levels were determined by latex turbidimetric immunoassay
(Wako Chemicals, Neuss, Germany). The analytical detec-
tion limit of the assay was 3.3% at the mean level of
1.5 mg/l and 2.6% at the mean level of 2.5 mg/l. Serum
creatinine was determined by kinetic Jaffé method using a
Hitachi 705 analyser (Tokyo, Japan). Creatinine clearance
was estimated using the Cockroft�Gault formula ¼
140 � age years½ �ð Þ � weight kgð Þ � 1 � 0:15 � sexð½f

male ¼ 0; female ¼ 1h iÞ�g= 0:814� serum creatinineð Þ [27].

Follow-up study The follow-up period ended on 1 January
2001. Information on the vital status of the study
participants and copies of death certificates of all deceased
individuals were obtained from the Cause of Death Register
(Statistics Finland, Helsinki, Finland). In the final classifi-
cation of causes of death, hospital records and autopsy
records were used, if available. The causes of death were
reviewed by S. Lehto and A. Juutilainen. The endpoints
used in this study were all-cause death, non-CVD death,
CVD death and CHD death. CVD death was defined by
codes 390–459 and CHD death by codes 410–414, based
on the International Classification of Diseases, 9th Revision
(available from: http://www.who.int/classifications/icd/en/,
last accessed in March 2007).

This study was approved by the Ethics Committee of
Kuopio University Hospital and the Turku University

Central Hospital. All study participants gave informed
consent. The authors had full access to the data and take
responsibility for its integrity. All authors have read and
agree with the manuscript as written.

Statistical analysis Data analyses were conducted using
SPSS 14.0.1 software (SPSS, Chicago, IL, USA). Results
for continuous variables are given as means±SD or
percentages. The bivariate correlation of continuous vari-
ables with AGEs was assessed by Spearman’s correlation
coefficient (with two-tailed significance levels). The differ-
ences among the groups were assessed by the χ2 test or the
Student’s two-tailed t test for independent samples, as
appropriate. Univariate and multivariate Cox regression
models and Kaplan–Meier survival curves with log rank
test statistics were used to investigate the association of
cardiovascular risk factors with total, non-CVD, CVD and
CHD mortality. In multivariate Cox models, adjustment
was made for age, area of residence, sex, BMI, current
smoking, hypertension (blood pressure ≥160/95 mmHg or
drug treatment for elevated blood pressure), total choles-
terol, triacylglycerol, HDL-cholesterol, total protein, and
menopausal status (in women).

Results

During the 18 year follow-up period, 362 men and 281
women died, including 245 men and 189 women who died of
cardiovascular causes. In terms of baseline characteristics of
the study participants, compared with men, women were
older, had a higher BMI, were more likely to have
hypertension, had higher levels of total cholesterol and
HDL-cholesterol, total triacylglycerol, lower estimated cre-
atinine clearance, higher fasting plasma glucose, and higher
glycated HbA1 (Table 1). Duration of diabetes, ratio of total
cholesterol to HDL-cholesterol, and hs-CRP levels were
similar in men and women. Men were more often smokers
and were more likely to have a history of CVD. Serum
AGE level was significantly higher in men than in women.

The prevalence of current smoking and the levels of
glycated HbA1, BMI, hs-CRP, fasting plasma glucose, total
cholesterol, triacylglycerol and HDL-cholesterol did not
differ between the highest sex-specific quartile vs the other
quartiles of AGEs. Serum AGE levels were not significant-
ly correlated with age, fasting plasma glucose, glycated
HbA1, total cholesterol, HDL-cholesterol, BMI, hs-CRP or
creatinine clearance in the study group as a whole (range of
correlation from −0.031 to 0.058), but it correlated inversely
albeit weakly with triacylglycerol (−0.071, p=0.035). The
correlation coefficient between AGEs and glycated HbA1 was
−0.004 (NS) in men and 0.010 (NS) in women. In women,
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the level of AGEs correlated with hs-CRP (0.123, p=0.022),
HDL-cholesterol (0.123, p=0.016) and inversely with tri-
acylglycerol (−0.190, p<0.001). Total protein did not correlate
with AGEs (p=−0.025, p=0.473). Exclusion of three patients
whose serum creatinine was ≥200 μmol/l from the statistical
analyses did not change the results.

Table 2 gives multiple-adjusted hazard ratios (HRs) for
serum AGE levels, as a continuous variable, as a predictor
for all-cause, non-CVD, CVD and CHD mortality (Cox

regression model). Because AGE levels and sex showed
significant interaction in their effects on total mortality (p=
0.037 for interaction), the results are presented separately for
men and women. Adjusted serum AGE levels were
significantly related to total (p=0.002), non-CVD (p=
0.040) and CVD (p=0.021) mortality in women, but not in
men. Of the non-CVD deaths, diabetes-related deaths
accounted for 27.4% in men and 34.8% in women.

Sex-specific quartiles of AGEs were <5.9, 5.9–7.8, 7.9–
10.074 and ≥10.075 U/ml in men, and <5.3, 5.3–7.24, 7.25–
9.6 and >9.6 U/ml in women. Total and CVD mortality per
1,000 person-years during the 18 year follow-up are presented
in Fig. 1. The highest quartile of serum AGEs vs the other
three quartiles predicted total (p=0.003) and CVD mortality
(p=0.007) in women, but not in men.

Compared with women with AGE levels in the lowest
three quartiles, in women with AGE concentrations in the
highest AGE quartile, mortality from all causes was 1.5
times higher (p=0.003), CVD mortality was 1.6 times
higher (p=0.007), and CHD mortality was 1.6 times higher
(p=0.021), independently of confounding factors (Table 3).
The results remained essentially similar when participants
with prior cardiovascular disease were excluded from
statistical analyses (Table 3). Cox model regression coef-
ficients for elevated AGE levels (above the cut-off value for
the highest quartile) as a risk factor for CVD mortality are
shown in Table 4. The results indicate that regression
coefficients did not substantially change during the step-
wise adjustment procedure; the regression coefficient was
negative for men (range from −0.011 to −0.127) and
positive (range from 0.339 to 0.481) for women.

In Kaplan–Meier survival analysis, total (p=0.009) and
CVD mortality (p=0.025) were significantly higher in

Table 2 Adjusted hazard ratios (95% CIs) from Cox proportional
hazards models for AGEs (per increment of 1 U/ml) in relation to
total, non-CVD, CVD and CHD mortality during an 18 year follow-up
of 488 men and 386 women with type 2 diabetes

HRa (95% CI) p value

Total mortality
All 1.02 (1.00–1.04) 0.071
Men 0.99 (0.97–1.02) 0.577
Women 1.05 (1.02–1.08) 0.002
Non-CVD mortality
All 1.00 (0.97–1.04) 0.833
Men 0.97 (0.92–1.02) 0.260
Women 1.05 (1.00–1.11) 0.040
CVD mortality
All 1.03 (1.00–1.05) 0.043
Men 1.00 (0.97–1.03) 0.876
Women 1.05 (1.01–1.09) 0.021
CHD mortality
All 1.02 (0.99–1.05) 0.227
Men 1.00 (0.96–1.03) 0.798
Women 1.04 (0.99–1.10) 0.152

a Adjusted for age, area of residence, sex (in all), BMI, current
smoking, hypertension, total cholesterol, HDL-cholesterol, triacyl-
glycerol, total protein and for menopausal status (in women)

Table 1 Baseline character-
istics of the study population

Results are presented as N, %
or means±SD
aDifference in means tested
after logarithmic transformation
b Estimate from Cockcroft–
Gault formula

Men Women p value

N 488 386
Age (years) 57.6±4.9 59.0±4.9 <0.001
BMI (kg/m2) 28.3±4.4 30.3±5.7 <0.001
Current smoking (%) 25.2 6.2 <0.001
Hypertension (%) 55.9 69.7 <0.001
Previous cardiovascular disease (%) 26.2 14.8 <0.001
Total cholesterol (mmol/l) 6.4±1.4 7.1±2.0 <0.001
HDL-cholesterol (mmol/l) 1.16±0.33 1.27±0.38 <0.001
Ratio of total cholesterol: HDL-cholesterol 6.0±2.1 6.1±3.2 0.345
Triacylglycerol (mmol/l)a 2.4±1.9 2.9±3.6 0.001
LDL-cholesterol (mmol/l) 4.3±1.2 4.6±1.3 <0.001
Creatinine clearance (ml/min)b 103±29 90±26 <0.001
Hs-CRP (mg/l) 3.6±6.4 4.3±6.7 0.122
Fasting plasma glucose (mmol/l) 11.4±3.8 12.5±4.1 <0.001
Glycated HbA1 (%) 9.7±2.3 10.1±1.9 0.010
Duration of diabetes (years) 8.1±4.2 8.0±3.9 0.831
Total protein (g/l) 73.7±6.2 74.1±5.9 0.260
AGE (U/ml) 8.3±3.9 7.6±3.6 0.010
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women with high AGE levels than in women with low
levels of AGEs (with the sex-specific median used as a cut-
off point). In men, high AGE levels did not predict total or
CVD mortality (Fig. 2).

Discussion

The present study shows for the first time that increased
serum levels of AGEs predict total and CVD mortality in
women with type 2 diabetes, and that serum AGE levels in
the upper quartile (≥9.6 U/ml) represent an independent risk
factor for total and CVD mortality in these study
participants.

An increase in skin AGEs can predict progression of
diabetic retinopathy and nephropathy in type 1 diabetes
[28]. Compared with the use of samples from skin biopsies
for measurement of AGEs, serum samples are simple, and
with standardisation they could become a useful clinical
tool. Previous cross-sectional studies have demonstrated
increased serum AGE levels in patients with type 2 diabetes
and CVD [18, 29]. Our study shows that high serum AGE
levels predict total, CVD and CHD mortality in type 2
diabetic patients during long-term follow-up. The identifi-
cation of AGE levels as a predictor of CVD in non-diabetic
women in a previous study [19] and in type 2 diabetic
women in this study implies that the effect of AGEs on
mortality may be independent of diabetes.

Serum AGEs are associated with markers of inflamma-
tion [30]. AGE-modified proteins are a heterogeneous
group of compounds that are formed through glycation,
glycoxidation or, like CML, through glycoxidation/lip-
oxidation from lipids [2, 12]. The dominant AGE epitope
for binding to the RAGE receptor is CML [13]. Through
binding to the RAGE receptor, CML may induce the
activation of NF-κB [13] and increased levels of vascular
cell adhesion molecule-1 [31], which might contribute to
the development of premature atherosclerosis, although it
has been reported that endotoxin-free albumin-derived
AGEs are not sufficient to induce RAGE-mediated inflam-
matory signals [32]. Circulating AGEs may arise from
intracellular reactive glucose metabolites [33] or they can
be formed in the circulation [34]. Recent studies suggest
that the diet could be a source of AGEs [35]. However, in
the present study, all participants were fasting. In this study
of 874 participants we measured serum AGEs with a
polyclonal anti-AGE antibody with the aim of detecting
most of the circulating AGEs. The polyclonal anti-AGE
antibody has previously been shown to recognise CML as a
major antigenic AGE epitope, with 57% of the variation in
serum AGEs explained by variations in serum CML levels
[36]. The antibody has also been tested against methyl-
glyoxal-modified BSA, but did not recognise this modified
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Fig. 1 Total mortality in men (a) and women (p=0.003) (b), and
CVD mortality in men (c) and women (p=0.007) (d) per 1,000
person-years during the 18 year follow-up, stratified by sex-specific
AGE quartiles (Q1, Q2, Q3, Q4). The p values are for Q4 vs Q1–Q3.
The differences in men were not significant
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protein [37]. The use of newer methods of analysis, such as
liquid chromatography tandem mass spectrometry, was not
feasible for the large sample studied. This is because only
one or a few AGE epitopes can be analysed simultaneously,

making the process very time consuming. However,
methods are being compared in an ongoing separate
project, the results of which will be presented at a later
stage.

In the present study, fasting serum AGE levels in the
highest quartile (≥9.6 U/ml) were an independent predictor of
total, CVD, and CHDmortality in women. In diabetic women,
compared with diabetic men, a larger proportion of cardio-
vascular risk is due to diabetes itself [38]. In line with this
notion, elevated levels of AGEs, particularly in women,
might reflect an increase in inflammation or oxidative stress
in atherosclerosis, since the anti-AGE antibody used recog-
nises the oxidatively modified proteins as well as the
glucose-modified compounds. Because high AGE levels
predicted mortality even after adjustment for hs-CRP, our
results indicate that AGEs also increase mortality indepen-
dently of inflammation in the vascular wall. Increased AGE
levels did not predict atherosclerotic events in men. The
difference between men and women in our results could be
explained at least in part by a more deleterious effect of
glucose and its modification products on vessels in women
than in men, as indicated by the finding of a higher
proportion of CVD risk being due to diabetes itself in
women [38]. The lack of an association between serum AGE
levels and CVD in men might also be due to different

Table 4 Cox model regression coefficients (B) for high AGE levels as
a risk factor for cardiovascular mortality in 488 diabetic men and 386
diabetic women in stepwise adjustment for other cardiovascular risk
factors

Adjustment for Men Women
B B

1 Age −0.011 0.339
2 1 + area of residence −0.070 0.339
3 2 + total cholesterol −0.099 0.399
4 3 + current smoking −0.108 0.398
5 4 + hypertension −0.113 0.414
6 5 + BMI −0.114 0.415
7 6 + HDL-cholesterol −0.125 0.481
8 7 + triacylglycerol −0.127 0.474
9 8 + total protein −0.077 0.445
10 9 + postmenopausal status (in women) −0.077 0.446
11 10 + hs-CRP −0.105 0.444

Values were calculated for the sex-specific range of AGE levels in the
highest quartile vs the range for three lowest quartile; cut-off points
of ≥10.075 U/ml in diabetic men and >9.6 U/ml in diabetic women
were used.

Table 3 High serum levels of AGEs as a risk factor for total, non-cardiovascular disease, cardiovascular disease and coronary heart disease
mortality in diabetic participants (488 men, 386 women) during an 18 year follow-up in Cox models with two levels of adjustment

All participants All participants except those with prior CVD

Model 1 Model 2 Model 1 Model 2

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Total mortality
All 1.11 (0.93–1.34) 0.241 1.12 (0.93–1.36) 0.234 1.20 (0.97–1.48) 0.089 1.21 (0.97–1.51) 0.085
Men 0.85 (0.66–1.09) 0.204 0.83 (0.63–1.08) 0.167 0.85 (0.63–1.16) 0.315 0.83 (0.60–1.16) 0.274
Women 1.49 (1.14–1.95) 0.003 1.51 (1.14–1.99) 0.004 1.66 (1.24–2.24) 0.001 1.70 (1.25–2.31) 0.001
Non-CVD mortality
All 0.91 (0.65–1.27) 0.574 0.94 (0.65–1.34) 0.716 0.97 (0.67–1.39) 0.856 1.02 (0.69–1.50) 0.912
Men 0.66 (0.40–1.08) 0.099 0.66 (0.39–1.12) 0.127 0.72 (0.42–1.23) 0.226 0.74 (0.41–1.32) 0.305
Women 1.35 (0.83–2.18) 0.222 1.39 (0.84–2.31) 0.197 1.55 (0.92–2.62) 0.102 1.69 (0.98–2.89) 0.058
CVD mortality
All 1.22 (0.98–1.51) 0.070 1.21 (0.97–1.52) 0.092 1.34 (1.04–1.73) 0.025 1.32 (1.01–1.73) 0.042
Men 0.94 (0.70–1.27) 0.684 0.90 (0.66–1.24) 0.526 0.95 (0.65–1.38) 0.772 0.90 (0.61–1.35) 0.618
Women 1.56 (1.13–2.15) 0.007 1.56 (1.12–2.18) 0.009 1.71 (1.19–2.45) 0.003 1.70 (1.17–2.47) 0.005
CHD mortality
All 1.18 (0.91–1.52) 0.207 1.17 (0.89–1.52) 0.255 1.30 (0.96–1.76) 0.090 1.28 (0.93–1.76) 0.124
Men 0.84 (0.60–1.20) 0.342 0.79 (0.55–1.14) 0.212 0.80 (0.51–1.25) 0.325 0.72 (0.45–1.16) 0.176
Women 1.59 (1.07–2.35) 0.021 1.68 (1.11–2.52) 0.013 1.85 (1.20–2.86) 0.005 1.95 (1.25–3.05) 0.003

Hazard ratios (95% CIs) are also shown for participants without prior cardiovascular disease at baseline (360 men, 329 women).
Values were calculated for the sex-specific range of AGE levels in the highest quartile vs the range for three lowest quartile; cut-off points of
≥10.075 U/ml in diabetic men and >9.6 U/ml in diabetic women were used.

Model 1 adjusted for age, area of residence, sex (in all), total cholesterol, current smoking, hypertension, body mass index, HDL-cholesterol,
triacylglycerol, total protein and postmenopausal status (in women).

Model 2 adjusted as for Model 1 plus hs-CRP
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modification of proteins in men and women, but to date no
study has compared serum levels of different AGE com-
pounds between the sexes.

Our results suggest that elevated circulating levels of AGEs
represent an additional risk factor for atherosclerotic compli-
cations in diabetic women. Further studies, including thera-
peutic studies with AGE-lowering compounds, are needed to
substantiate this conclusion. In short-term studies, a decrease
in dietary AGEs has been shown to reduce levels of
inflammatory mediators such as peripheral blood mononucle-
ar cell TNF-α and hs-CRP [39], as well as glycoxidised LDL
[35]. It has been shown that hs-CRP is an independent risk
factor for CHD mortality not only in non-diabetic individuals
[40], but also in patients with type 2 diabetes [41]. This
suggests that inflammation plays an important role in fatal
CHD events in this high-risk population.

Serum AGE levels were not significantly correlated with
fasting plasma glucose or glycated HbA1 in our study. This
may reflect the fact that the anti-AGE antibody recognises
the compounds formed by extensive modification of lipids
or protein by glucose, as well as the oxidatively modified
proteins. Furthermore, the antibody used in the assay
recognises CML, which can be formed from both glucose
and lipid modification of proteins. Several other studies
have also reported a lack of correlation between serum
AGEs and plasma glucose or HbA1c using this antibody
[30, 36]. In addition, serum AGE levels can probably be

influenced by the turnover of degradation products from
previously formed AGEs, and the rate of turnover is not
necessarily linked to glucose level.

There are limitations to the present study. The relatively
high inter-assay coefficient of variation may underestimate
the full aetiological contribution of increased serum AGE
levels in atherosclerosis development. Furthermore, degra-
dation of AGE compounds during long-term freezing of
serum samples at −20°C could have an effect on measured
levels of serum AGEs and possibly obscure weaker
associations, including any with glycated HbA1. However,
all samples were stored under identical conditions, and so
differences in AGE levels should represent differences that
were present in the samples when they were drawn. It is
unlikely that storage had a different effect on serum AGE
levels among survivors and non-survivors. The analytic
work was performed by staff unaware of the mortality
status of the participants.

In summary, we have shown for the first time that high
serum levels of AGEs predict total, CVD and CHDmortality
in women with type 2 diabetes. Therefore, the measurement
of serum AGEs might identify individuals at high risk of
cardiovascular complications among diabetic women.
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