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Abstract
Aims/hypothesis The receptor for AGE (RAGE) is consid-
ered to be mainly an intracellular signal-transducer or
pro-inflammatory peptide of possible importance for in-
flammation and autoimmune diseases. Our aim was to
study whether the −374 T/A polymorphism in the gene
encoding RAGE (AGER) is associated with diabetes type
and presence of diabetic complications.
Methods The AGER −374 T/A polymorphism was geno-
typed in 867 type 1 diabetic patients, 2,467 type 2 diabetic
patients and 205 non-diabetic control subjects of Scandi-
navian origin.
Results AGER polymorphism was related to different HLA-
DQB1 genotypes and the presence of diabetic complica-
tions. Type 1 diabetic patients had a higher frequency of the
AGER −374 A/A or T/A genotypes than type 2 diabetic
patients (51.1 vs 44.9%, p=0.002) and control subjects
(51.1 vs 47.6%, p=0.0006). The RAGE −374 T/A poly-
morphism was associated with HLA-DQB1 genotypes;
patients with HLA risk genotypes had a higher frequency

of the A/A or T/A genotypes than patients with other HLA-
DQB1 genotypes (60.3 vs 40.3%, p<0.000001). In type 1
diabetic patients, the frequency of the A/A or T/A
genotypes was higher in patients with diabetic nephropathy
than without (61.1 vs 46.8%, p=0.006) and with sight-
threatening retinopathy than without (56.1 vs 47.6%,
p=0.03). In type 2 diabetic patients with HbA1c values
below the median, the T/T genotype was more frequent in
patients with diabetic nephropathy than without (54.3 vs
38.2%, p=0.02).
Conclusions/interpretation Our results show an association
between the AGER −374 T/A polymorphism and type 1
diabetes. This association was HLA-DQB1-dependent. The
polymorphism was associated with diabetic nephropathy in
both type 1 and type 2 diabetes, in an HbA1c-dependent
manner in the latter group, and also with sight-threatening
retinopathy in type 1 diabetic patients.
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Introduction

Poor glycaemic control, elevated blood pressure and
smoking are well-established risk factors for the develop-
ment of diabetic microvascular complications [1, 2].
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However, the molecular pathophysiology is not yet fully
understood. Three major pathways have been suggested to
be involved in the pathogenesis of diabetic complications,
i.e. glucose-induced activation of protein kinase C isoforms
[3], increased flux through the aldose reductase pathway [4]
and increased formation of glucose-derived AGEs [5].
Formation of AGEs is increased in diabetes due to chronic
hyperglycaemia; blocking the formation of AGEs by
aminoguanidine [6] or administration of soluble protein
for RAGE (sRAGE) [7] prevents untoward effects of AGEs
on the vascular wall in diabetic animals. AGEs are elevated
in kidney failure, and in a recent study we have shown that
the serum levels of hydroimidazolone are elevated in type 2
diabetic patients with retinopathy compared with those
without [8].

Several receptors that mediate endocytosis and degrada-
tion of AGE-modified molecules have been identified [9].
One of these receptors is RAGE, which is a multiligand
member of the immunoglobulin superfamily. It is less
efficient in AGE endocytosis than the macrophage scaven-
ger receptor [10], and might therefore mainly be considered
as an intracellular signal and transducer or proinflammatory
peptide [9]. The S allele of the gene encoding RAGE
(AGER) G82S polymorphism has been shown to be more
prevalent in patients with rheumatoid arthritis, suggesting
that this gene also might be of importance in human
autoimmune diseases [11]. In diabetic NOD mice the
inhibition of the RAGE receptor seems to delay the onset
of the disease [12].

There is a strong linkage disequilibrium between alleles
at a number of loci in the major MHC on the short arm of
chromosome 6, which also harbours the AGER 6p21.3.

Several polymorphisms in the AGER have been identi-
fied and associated with diabetic complications. Hudson et
al. demonstrated that three polymorphisms (−429 T/C,
−374 T/A and a 63 bp insertion/deletion polymorphism)
increased transcriptional activity 2–4-fold. The −374A
allele influenced binding to a transcription factor-binding
site leading to upregulation of AGER transcription. All
three polymorphisms were located at the 5′ flanking region
of the AGER; the 63 bp insertion/deletion polymorphism
overlapped with the −374 T/A polymorphism. The −429 T/C
and −374 T/A polymorphism were prevalent, while 63 bp
I/D was rare (1–2%) [13, 14].

Hudson et al. also showed an association between the
−429 T/C polymorphism and retinopathy in type 2 diabetic
patients [13]. However, other association studies have
failed to demonstrate an association between these poly-
morphisms and diabetic retinopathy [15, 16] or nephropa-
thy [17]. As is often the case in association studies of a
polygenic disease, many of these studies have been
underpowered. Interestingly, Pettersson-Fernholm et al.
[18] found an association between the −374 T/A polymor-

phism and diabetic nephropathy in Finnish type 1 diabetic
patients with high HbA1c [18]. They also showed a
significant association between the AGER −374 T/A
polymorphism and macrovascular disease; a similar associ-
ation with cardiovascular disease had previously been
demonstrated both in type 2 diabetic patients and in non-
diabetic subjects [19–21]. Patients homozygous for the
minor allele (A/A) had a reduced risk for cardiovascular
disease.

Our aim was to perform a comprehensive association
study in patients with both type 1 and type 2 diabetes,
selected from a large local diabetes registry in Southern
Sweden, to define whether the common AGER −374 T/A
polymorphism was associated with the type of diabetes per
se and/or with diabetic nephropathy, retinopathy, neuropathy
and cardiovascular complications in particular. Given the
fact that the gene encoding RAGE is located on the short
arm of chromosome 6 close to the HLA locus, we also
related the findings to the presence of HLA-DQB1 risk
genotypes.

Subjects and methods

Subjects

Patients from a local diabetes registry in Southern Sweden
[22], most of them enrolled at the Department of Endo-
crinology, University Hospital MAS, Malmo, formed the
basis of the present study. A total of 4,205 patients and 205
Scandinavian, non-diabetic control subjects were genotyped
for the −374 T/A AGER polymorphism. Patients were
classified as having type 1 (n=967) or type 2 (n=3,238)
diabetes by the attending physician using the World Health
Organization (WHO) guidelines of 1985 [23] or, when
diagnosed after 1 January 2001, according to the new WHO
guidelines [24]. In general, classification of type 1 diabetes
was based on the presence of severe hyperglycaemia and/or
ketosis at diagnosis, low fasting C-peptide levels and
presence of GAD antibodies (GADA). Of all patients
classified as having type 1 diabetes, 91.0% had fasting
C-peptide <0.3 nmol/l and 54.9% were GADA-positive;
in total 97.5% were either GADA-positive or had low
C-peptide (<0.3 nmol/l). The majority of both type 1 (90%)
and type 2 (76%) patients were of Scandinavian descent.

The Ethics committee of Malmo/Lund approved the
study. Informed consent was obtained from all patients.

Analytical techniques

A detailed description of analytical and genotyping tech-
niques can be found in the Electronic Supplementary
Material.
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Assessment of complications

Diabetic nephropathy Diabetic nephropathy was defined as
the presence of macroalbuminuria. Macroalbuminuria was
considered present when at least two values above the cut-
off limit for macroalbuminuria were recorded. One positive
measurement only was considered as macroalbuminuria if
the patient thereafter was treated with ACE inhibitors or
angiotensin II receptor blockers or if the patient had
previously had persistent microalbuminuria. Patients with
other kidney diseases or onset of microalbuminuria after
70 years of age were excluded from the analysis.
Normoalbuminuria required that all urinary albumin mea-
surements were in the normal range, otherwise the
albuminuria status was considered unknown. Duration
of albuminuria was calculated from the onset of micro-
albuminuria when known, or from the latest measurement
with no albuminuria. If not known (60% of all the cases
with micro- or macroalbuminuria, 39% in type 1 diabetic
patients), the duration was calculated from the first
registered value with micro- or macroalbuminuria. When
calculating the genotype frequencies in patients with
normoalbuminuria, only patients with diabetes duration
≥10 years were included.

Diabetic retinopathy Information about the retinopathy
status was available in 2,722 patients. Patients were divided
into two groups: subjects with no or non-proliferative
retinopathy and subjects with sight-threatening retinopathy,
which included patients with proliferative retinopathy and/
or photocoagulation treatment (focal/grid or panretinal).
The duration of sight-threatening retinopathy was defined
from the first information of diagnosis or laser treatment.
When calculating the genotype frequencies in patients
without sight-threatening retinopathy only those with a
diabetes duration ≥10 years were included.

Diabetic neuropathy Peripheral sensory neuropathy was
assessed by measuring vibration sensation thresholds by a
biothesiometer on the medial malleoli (Bio-Thesiometer;
Bio-Medical Instruments, Newbury, OH, USA) and defined
as a threshold ≥25 V. The vibration sensation threshold was
known in 2,744 cases. The duration was calculated from the
first value ≥25 V, but in 82% of the cases, the true onset of
neuropathy was not known. When calculating the genotype
frequencies for patients with vibration threshold <25 V,
only patients with a diabetes duration ≥10 years were
included.

Macrovascular disease Macrovascular disease was defined
as previous myocardial infarction and/or stroke. The
duration in relation to the onset of diabetes was calculated
from the first episode of one of these conditions or, when

not known, from the date this was updated in the patient
record.

Statistical analysis

Data are presented as mean±SD or as median (25th–75th
percentile). Fisher’s exact test was used to test for
significance of differences. To test differences between
group means, the Student’s two-tailed t test was used for
normally distributed values and the Mann–Whitney U test
for non-normally distributed medians. In order to assess
factors associated with diabetic nephropathy and retinopa-
thy, respectively, a multiple logistic regression analysis with
forward selection was performed. All data were analysed
with a NCSS 2000 (NCSS statistical software, Kaysville,
UT, USA). A p value <0.05 was considered statistically
significant. Power analysis was made using Genetic Power
calculator. The genotype relative risk was estimated as 1.5
for both heterozygous T/A and homozygous A/A (domina-
tive model) [25].

Results

The frequencies of AGER −374 T/A genotypes were: T/T
49.0%, T/A 43.7% and A/A 7.3% in Scandinavian type 1
diabetic patients (n=867), 55.1%, 38.4% and 6.5% in
Scandinavian type 2 diabetic patients (n=2,453), respec-
tively, and 62.4%, 32.7% and 4.9% in non-diabetic control
subjects (n=205), respectively (Table 1). The AGER T/A or
A/A genotype was more frequent in type 1 diabetic patients
compared with control subjects (p=0.0006) and compared
with type 2 diabetic patients (p=0.002). Genotype frequen-
cies also different between type 2 diabetic patients and
control subjects (p=0.048); this difference was, however,
not significant when adjusting for multiple comparisons
and the allele frequencies did not differ between type 2
diabetic patients and control subjects. After stratification for

Table 1 Frequency of AGER −374 T/A polymorphism in diabetic
patients and non-diabetic control subjects

T/T T/A A/A

Control subjects 128 (62.4) 67 (32.7) 10 (4.9)
T1D 425 (49.0) 379 (43.7) 63 (7.3)
T2D 1,353 (55.1) 941 (38.4) 159 (6.5)

Values are n (%)
p=0.0006, T1D vs control subjects. p=0.048, T2D vs control subjects.
p=0.002, T1D vs T2D. p values are for differences between T/T vs
T/A and A/A genotype. T1D, type 1 diabetes; T2D, type 2 diabetes
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HLA-DQB1 risk genotype there was no difference in the
AGER −374 T/A polymorphism between type 1 diabetic
patients, type 2 diabetic patients and control subjects
(results not shown).

Type 2 diabetic patients of other origin had significantly
different genotype frequencies than Scandinavian patients
(47.1%, 41.9% and 11.0%, respectively; n=785,
p=0.00003, df=2). There were only 100 patients with type 1
diabetic patients of non-Scandinavian origin and no
differences in genotype frequencies were seen between the
two ethnic groups. For further analysis, all calculations
were performed separately for type 1 and type 2 diabetic
subjects, and only subjects of Scandinavian origin were
included. The frequency of AGER 63 bp insertion/deletion
polymorphism was 1.6% and in non-Scandinavian type 1
and 4.7% type 2 diabetic patients. Corresponding values for
Scandinavian patients were 0.6% and 0%.

Association between AGER −374 T/A polymorphism
and HLA-DQB1 genotypes

The AGER −374 T/A polymorphism was associated with
HLA-DQB1 genotypes in type 1 and type 2 diabetes
(Table 2). The genotypes with the minor allele A (A/A or
A/T) were more common in patients with high-risk HLA-
DQB1 genotypes DQB1*02/0302, DQB1*0302/X and
DQB1*0302/0604 compared with subjects with protective
or neutral genotypes in both type 1 diabetic (60.2 vs 36.9%,
p<0.000001) and type 2 diabetic (60.3 vs 41.5%,
p<0.000001) patients. This was mainly due an association
with the HLA-DQB1*0302 and DQB1*02 alleles. Patients
with the DQB1*0302 allele had a higher frequency of
AGER −374 A/A or T/A genotypes than patients without
the DQB1*0302 allele (61.3 vs 35.4%, p<0.000001), while
the opposite was true for patients with the DQB1*02 allele
(35.8 vs 57.1%, p<0.000001). In a logistic regression
analysis with age at onset of diabetes, diabetes duration,
sex, T/T genotype and DQB1*02 allele as independent
variables, the DQB1*02 allele, but not the T/T genotype
was independently associated with GADA positivity in type
1 diabetic patients (results not shown).

Association between AGER −374 T/A polymorphism
and diabetic nephropathy

Type 1 diabetic patients with macroalbuminuria had
lower age at diabetes diagnosis, longer diabetes dura-
tion, higher HbA1c and systolic and diastolic blood
pressure levels and were more often smokers than patients
with normal AER (Table 3). Type 2 diabetic patients with
diabetic nephropathy were younger, had longer diabetes
duration and were younger at diabetes diagnosis, had
higher BMI, HbA1c and systolic blood pressure and were

more often smokers than type 2 diabetic patients with
normoalbuminuria.

Type 1 diabetic patients with diabetic nephropathy had a
higher frequency of the A/A or T/A genotype (61.1%)
compared with those with normoalbuminuria and ≥10 years
of diabetes duration (46.8%; p=0.006) (Table 4). In a
multiple logistic regression analysis with macroalbuminuria
as dependent variable, the A/A or T/A genotype was
independently associated with a higher risk of macro-
albuminuria (odds ratio [OR]=1.93, p=0.008) in type 1
diabetic subjects (Table 5). There was no difference in
AGER genotype frequencies between type 2 diabetic
patients with and without macroalbuminuria. In a multiple
logistic regression analysis age, diabetes duration, systolic
blood pressure, HbA1c and male sex, but not AGER −374
T/A polymorphism, were associated with diabetic nephrop-
athy in type 2 diabetes. Because a previous study has
suggested a possible interaction of the metabolic control
and the effect of AGER −374 T/A polymorphism on
diabetic nephropathy [18], we also tested the genotype
frequencies in patients with HbA1c below and above the
median. Type 2 diabetic patients with HbA1c below the
median and with diabetic nephropathy had a lower
frequency of the A/A or T/A genotypes than those with
low HbA1c and normoalbuminuria (38.2 vs 54.3%, p=0.04)
(Table 6). The frequency of A allele was higher in type 1
diabetic patients with nephropathy than without (35 vs
27%, p=0.03). No difference in allele frequencies was
observed in type 2 diabetic patients with or without diabetic
nephropathy (minor allele frequency 25% and 28%,
respectively).

Association between AGER −374 T/A polymorphism
and diabetic retinopathy

Data on the retinopathy status were available from
2,737 subjects (848 with type 1 and 1,874 with type 2
diabetes). AGER −374 A/A or T/A genotypes were more
common in type 1 diabetic patients with than without
sight-threatening retinopathy (56.1 vs 47.6%, p=0.04).
The frequency of A allele was higher in patients with
sight-threatening retinopathy than in those without (32 vs
27%, p=0.03). However, no association with sight-threat-
ening retinopathy and AGER polymorphism was seen in a
multiple regression analysis (Table 7). Stratifying for
glycaemic control did not change the picture (Table 6).
In type 2 diabetic patients the AGER −374 T/A polymor-
phism was not associated with sight-threatening retinop-
athy either in all patients or in patients stratified for
glycaemic control (Tables 4 and 6). There was no
difference in allele frequencies in type 2 diabetic patients
with or without sight-threatening retinopathy (minor allele
frequency 28% in both groups).
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Association between AGER −374 T/A polymorphism
and diabetic neuropathy

Information about neuropathy based upon assessment of
vibration threshold was available from 2,187 patients
(770 with type 1 diabetes and 1,417 with type 2
diabetes). The genotype frequencies of the AGER −374
T/A polymorphism did not differ between patients with or
without neuropathy (Table 4), either in all patients or in
patients with HbA1c above and below the median (Table 6).
In a multiple logistic regression analysis age, diabetes
duration, HbA1c, systolic blood pressure and male sex were
associated with diabetic neuropathy in both type 1 and type
2 diabetes (results not shown). In addition, in type 2
diabetes, the AGER −374 T/A polymorphism was also an
independent predictor. The A/A or T/A genotypes were
associated with lower risk for diabetic neuropathy
(OR=0.77, p=0.04). There was no difference in allele
frequencies in type 1 or in type 2 diabetic patients with or
without diabetic neuropathy (frequency of minor allele in

type 1 diabetes 28% in both groups, in type 2 diabetes 25%
and 27%, respectively).

Association between AGER −374 T/A polymorphism
and macrovascular complications

Information on previous myocardial infarction or stroke
was available from 2,275 patients (753 with type 1 and
1,522 with type 2 diabetes). There was no difference in
the genotype frequency between patients with and
without macrovascular complications (Table 4). A mul-
tiple logistic regression analysis with age, diabetes
duration, plasma cholesterol, HDL-cholesterol and triglyc-
erides, sex, current smoking, systolic and diastolic blood
pressure and AGER −374 T/A genotype as independent
variables did not show any independent effect of the
AGER polymorphism on macrovascular complications
(results not shown). There was no difference in allele
frequencies in type 1 or in type 2 diabetic patients with or
without macrovascular complications (frequency of minor

Table 2 Frequency of AGER −374 A/A or T/A genotypes according to HLA-DQB1 genotype in control, type 1 diabetic and type 2 diabetic
subjects

Frequency of
AGER −374 A/A
or T/A genotypes
in control
subjects

Frequency of
AGER −374 A/A
or T/A genotypes
in T1D

Frequency of
AGER −374 A/A
or T/A genotypes
T2D

Frequency of
HLA-DQB1
genotype in
control subjects

Frequency of
HLA-DQB1
genotype in T1D

Frequency of
HLA-DQB1
genotype in
T2D

02/0301 7 (53.8) 7 (26.9) 26 (39.4) 13 (6.4) 27 (3.3) 66 (5.6)
02/0302 3 (30.0) 154 (54.4) 49 (53.8) 10 (4.9) 287 (34.8) 91 (7.7)
02/0602a 1 (11.1) 2 (28.6) 6 (9.5) 9 (4.4) 7 (0.8) 63 (5.3)
02/0603a 0 (0.0) 1 (12.5) 11 (33.3) 4 (2.0) 8 (1.0) 33 (2.8)
02/0604 1 (14.3) 2 (8.0) 2 (8.3) 7 (3.4) 25 (3.0) 24 (2.0)
02/X 6 (25.0) 26 (20.8) 38 (24.7) 24 (11.8) 126 (15.3) 154 (13.1)
0301/0302 3 (42.9) 29 (69.0) 36 (65.5) 7 (3.4) 43 (5.2) 55 (4.7)
0301/0602a 4 (57.1) 1 (25.0) 22 (45.8) 7 (3.4) 4 (0.5) 48 (4.1)
0301/0603a 1 (16.7) 2 (50.0) 9 (40.9) 6 (3.0) 4 (0.5) 22 (1.9)
0301/0604a 3 (75.0) 1 (25.0) 9 (69.2) 4 (2.0) 4 (0.5) 13 (1.1)
0301/X 10 (58.8) 9 (60.0) 78 (61.4) 17 (8.4) 15 (1.8) 127 (10.8)
0302/0602a 1 (16.7) 3 (50.0) 37 (58.7) 6 (3.0) 6 (0.7) 63 (5.3)
0302/0603 3 (100.0) 16 (72.7) 19 (67.9) 3 (1.5) 22 (2.7) 29 (2.5)
0302/0604 1 (16.7) 25 (55.6) 13 (61.9) 6 (3.0) 46 (5.6) 21 (1.8)
0302/X 13 (65.0) 112 (72.3) 73 (65.2) 20 (9.9) 158 (19.2) 112 (9.5)
0602/03/04/X 9 (39.1) 6 (54.5) 45 (45.5) 23 (11.3) 11 (1.3) 99 (8.4)
0602/Xa 5 (21.7) 0 (0.0) 30 (30.6) 23 (11.3) 2 (0.2) 98 (8.3)
0604/X 1 (16.7) 8 (47.1) 10 (32.3) 6 (3.0) 18 (2.2) 31 (2.6)
X/X 4 (50.0) 8 (72.7) 18 (60.0) 8 (3.9) 12 (1.5) 30 (2.5)
Total 203 (100.0) 825 (100.0) 1179 (100.0)

Values are n (%)
p<0.000001, chi-square=113.6, df=12 in T1D, p<0.000001, chi-square=146.4, df=18 in T2D
a Expected value <5 in T1D. These genotypes were pooled in the statistical analysis
T1D, type 1 diabetes; T2D, type 2 diabetes; X, either a homozygous allele or any allele other than 02, 0301, 0302, 0602 or 0604
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allele in type 1 diabetes 31% and 29%, in type 2 diabetes
23% and 27%, respectively, p=0.05).

HLA-DQB1 genotype and diabetic complications

There was no difference in the frequency of diabetic
complications between type 1 and type 2 diabetic subjects
between carriers of different HLA-DQB1 genotypes or
carriers of HLA-DQB1 risk genotypes vs non-risk geno-
types (results not shown). Table 8 shows the frequency of
AGER −374 T/A polymorphism in relation to diabetic
complications when stratified for HLA-DQB1 risk geno-

types. In type 1 diabetic patients with HLA-DQB1 risk
genotype the frequency of T/A or A/A genotype was higher
in patients with diabetic nephropathy than in those without
nephropathy (69.9 vs 49.7%, p=0.004) and also in patients
with sight-threatening retinopathy than in patients without
(65.7 vs 55.2%, p=0.04). Adding the HLA-DQB1 risk
genotype into the logistic regression analysis showed that
the AGER T/A or A/A genotype was still an independent
risk factor for diabetic nephropathy in type 1 diabetic
patients (OR=1.93, p=0.01), even when the HLA-DQB1
risk genotype was included in the analysis. However, the
HLA-DQB1 risk genotype (OR=1.59, p=0.01), but not the

Table 3 Clinical characteristics of patients with normoalbuminuria, and nephropathy

T1D T2D

No albuminuria Nephropathy No albuminuria Nephropathy

n (M/F) 449 (235/214) 126 (80/46) 988 (509/479) 204 (149/55)
Age (years)b 44.3±15.0 43.5±14.3 63.7±10.8 58.8±7.7
Age at diagnosis (years)a,b 25.2±15.4 19.5±14.6 56.6±10.7 50.3±8.2
Diabetes duration (years)a,b 16.6 (8.9–26.7) 20.0 (15.0–27.5) 5.3 (2.1–10.5) 7.5 (2.1–13.0)
BMI (kg/m2)b 23.8±3.1 24.1±3.0 29.1±5.5 30.0±5.4
HbA1c (%)a,b 7.1±1.2 7.9±1.2 6.5±1.2 7.2±1.2
Systolic blood pressure (mmHg)a,b 128.3±16.8 143.8±20.9 142.9±19.2 149.8±18.8
Diastolic blood pressure (mmHg)a 74.0±9.0 77.5±10.6 80.7±10.7 82.0±11.2
Total urinary albumin (μg/min)a,b 4 (2–7) 438 (128–1324) 6 (3–10) 281 (117–816)
P-creatinine (μmol/l)a,b 75 (67–82) 100 (89–122) 78 (69–89) 91 (79–110)
Current smokinga,b 91 (21.3) 50 (40.0) 180 (24.7) 60 (34.3)

Values are given as mean±SD, median (25th–75th percentile) or n (%). Information was missing in 12% and 37% of the cases (T1D and T2D,
respectively)
p<0.05, no albuminuria vs macroalbuminuria in a T1D and b T1D patients, respectively
T1D, type 1 diabetes; T2D, type 2 diabetes

Table 4 AGER −374 A/T genotype frequencies in relation to presence of diabetic complications in patients with type 1 and type 2 diabetes

T1D T2D

T/T T/A A/A T/T T/A A/A

Nephropathy
No 169 (53.1) 127 (39.9) 22 (6.9) 138 (51.7) 106 (39.7) 23 (8.6)
Yes 49 (38.9)a 67 (53.2) 10 (7.9) 115 (56.4) 78 (38.2) 11 (5.4)
Retinopathy
No/background 200 (52.4)b 160 (41.8) 22 (5.8) 319 (53.3) 229 (38.2) 51 (8.5)
Sight-threatening 137 (43.9) 150 (48.1) 25 (8.0) 142 (51.1) 119 (42.8) 17 (6.1)
Neuropathy
Vibration threshold <25 V 115 (49.6) 102 (44.0) 15 (6.5) 52 (53.6) 37 (38.1) 8 (8.2)
Vibration threshold Q25 V 207 (49.1) 191 (45.3) 24 (5.7) 533 (55.6) 362 (37.8) 63 (6.6)
Macrovascular complications
No 324 (49.8) 280 (43.0) 47 (7.2) 581 (54.2) 414 (38.6) 77 (7.2)
Yes 48 (48.0) 42 (42.0) 10 (10.0) 254 (58.1) 164 (37.5) 19 (4.3)

Values are n (%)
a p=0.006 for T/T genotype vs T/A+A/A genotype in T1D
b p=0.03 for T/T genotype vs T/A+A/A genotype in T1D. Duration ≥10 years for patients without nephropathy, sight-threatening retinopathy and
neuropathy, respectively
T1D, type 1 diabetes; T2D, type 2 diabetes
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AGER −374 T/A polymorphism, was an independent risk
factor for sight-threatening retinopathy in type 1 diabetic
patients.

In type 2 diabetic patients with the HLA-DQB1 risk
genotype, the T/A and A/A genotype was more common in
patients with sight-threatening retinopathy than in those
without (82.1 vs 54.1%, p=0.01). When HLA-DQB1 risk
genotype was included in the logistic regression model,
neither the AGER polymorphism nor the HLA-DQB1 risk
genotype was an independent risk factor for sight-threaten-
ing retinopathy in type 2 diabetic patients (results not
shown).

The AGER −374 T/A polymorphism was not associated
with diabetic neuropathy even when stratified for HLA-
DQB1 risk genotypes (Table 8).

No significant difference in AGER −374 T/A polymor-
phism was observed between type 1 diabetic patients with
or without macrovascular disease after stratification for
HLA-DQB1 risk genotypes. However, the HLA-DQB1 risk

genotype itself was associated with macrovascular disease
in type 1 diabetic patients, because the protective genotypes
were significantly associated with increased frequency of
macrovascular disease (OR=1.82, p=0.02). Indeed, the
AGER T/A or A/A genotype was less common in type 2
diabetic patients (having HLA-DQB1 risk genotype) with
than without macrovascular disease (44.1 vs 66.4%,
p=0.03). Neither the AGER polymorphism nor the HLA-
DQB1 risk genotype was a significant risk factor for
macrovascular disease in type 2 diabetes when the HLA-
DQB1 risk genotype was added to the model (results not
shown).

Discussion

A novel finding of the present study was the strong
association between AGER −374 T/A polymorphism and
HLA-DQB1 genotype (Table 2). This is not surprising, as

Table 5 Multiple forward stepwise logistic regression analysis of nephropathy vs no albuminuria

Type 1 diabetes Type 2 diabetes

Coefficient Odds ratio p value Coefficient Odds ratio p value

Age −0.05 – 0.00002 −0.07 – <0.00001
Diabetes duration 0.03 – 0.002 0.05 – 0.001
HbA1c 0.53 – <0.00001 0.29 – 0.0002
Systolic blood pressure 0.05 – <0.00001 0.04 – <0.00001
Diastolic blood pressure 0.0009 – NS −0.02 – NS
BMI 0.03 – NS 0.03 – NS
Smoking 0.82 2.26 (1.34–3.81) 0.002 0.32 1.39 (0.92–2.08) NS
Male sex 0.59 1.81 (1.09–3.00) 0.02 1.01 2.76 (1.82–4.20) <0.00001
A/A or T/A genotype 0.66 1.93 (1.18–3.15) 0.008 −0.09 0.91 (0.63–1.32) NS

Table 6 Frequency of AGER −374 A/A or T/A genotypes in diabetic complications stratified according to type of diabetes and HbA1c levels

Type 1 diabetes Type 2 diabetes

Without With Without With

Nephropathy
Low HbA1c 82 (45.1%)a 29 (65.9%) 57 (54.3%)b 30 (38.2%)
High HbA1c 65 (48.5%) 48 (58.5%) 72 (44.4%) 58 (46.4%)
Retinopathy
Low HbA1c 108 (47.6%) 57 (53.3%) 132 (51.6%) 26 (39.4%)
High HbA1c 71 (47.7%) 118 (57.6%) 152 (43.7%) 112 (52.3%)
Neuropathy
Low HbA1c 64 (47.8%) 89 (50.0%) 20 (54.1%) 171 (46.3%)
High HbA1c 52 (53.1%) 126 (51.9%) 28(44.4%) 259 (43.4%)
Macrovascular complications
Low HbA1c 156 (46.6%) 20 (46.6%) 255 (49.4%) 73 (41.0%)
High HbA1c 170 (54.0%) 32 (55.2%) 235 (42.4%) 109 (42.2%)

Values are n (%)
a p=0.02, b p=0.04
Duration ≥10 years for patients without nephropathy, retinopathy or neuropathy, respectively
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the AGER receptor is located on the chromosome 6 in the
MHC region. This region is very gene-dense and contains a
number of inflammatory genes [26]. A special feature of the
MHC is the strong linkage disequilibrium between alleles at
a number of loci [27, 28].

The frequency of AGER polymorphism varied according
to type of diabetes and ethnic background. The AGER −374
T/A or A/A genotypes were more frequent in type 1
diabetic patients than in non-diabetic control subjects and in
type 2 diabetic patients. There was also a borderline
significance between type 2 diabetic patients and control
subjects; however, the difference was small and may be due
to type I error. A larger control group would be needed to
definitely be able to solve this issue. The differences in
AGER polymorphism frequency between type 1 and type 2
diabetic patients seemed to be a consequence of the
differences in HLA haplotypes, because the stratification
for HLA-DQB1 risk genotype abolished these differences.
The AGER −374 polymorphism was not independently

associated with GADA positivity, whereas the DQB1*02
allele showed a strong association with GADA positivity
[29].

We also showed that the minor allele A (A/A or T/A
genotype) is a risk factor for diabetic nephropathy and
sight-threatening retinopathy in type 1 diabetic, but not in
type 2 diabetic subjects. The association between AGER
−374 T/A polymorphism and diabetic nephropathy and
sight-threatening retinopathy was independent of HLA-
DQB1 genotypes. The association with diabetic nephropa-
thy was also independent of metabolic control, blood
pressure and other known risk factors (Table 5). Intrigu-
ingly, in type 2 diabetic patients with low HbA1c, the A
allele seems to protect against diabetic nephropathy. A
similar trend, although not statistically significant, was seen
for diabetic retinopathy, neuropathy and macrovascular
complications, the A/A or T/A genotypes being less
frequent with than without retinopathy, neuropathy and
macrovascular complications in type 2 diabetic patients

Table 7 Multiple forward stepwise logistic regression analysis with sight-threatening retinopathy as the independent variable

Type 1 diabetes Type 2 diabetes

Coefficient Odds ratio p value Coefficient Odds ratio p value

Age −0.04 – <0.00001 −0.01 – 0.046
Diabetes duration 0.07 – <0.00001 0.09 – <0.00001
HbA1c 0.63 – <0.00001 0.32 – <0.00001
Systolic BP 0.03 – <0.00001 0.01 – 0.001
Diastolic BP 0.01 – NS 0.008 – NS
Smoking −0.15 0.86 (0.57–1.30) NS −0.31 0.76 (0.52–1.12) NS
Male sex 0.44 1.55 (1.10–2.17) 0.01 0.15 1.15 (0.85–1.57) NS
A/A or T/A genotype 0.2 1.27 (0.91–1.78) NS 0.16 1.16 (0.86–1.55) NS

Table 8 Frequency of AGER −374 genotypes in diabetic complications stratified according to type of diabetes and HLA-DQB1 risk genotype
(DQB1*02/0302, DQB1*0302/X and DQB1*0302/0604)

Type 1 diabetes Type 2 diabetes

High risk Low risk or protective High risk Low risk or protective

Nephropathy
No 92/79/12 (50.3/43.2/6.6) 73/36/9 (61.9/30.5 /7.6) 16/19/2 (43.2/51.4/5.4) 75/47/15 (54.7/34.3/10.9)
Yes 22/43/8 (30.1/58.9/11.0)a 26/22/2 (52.0/44.0/4.0) 15/15/2 (46.9/46.9/6.3) 58/45/6 (53.2/41.3/5.5)
Retinopathy
None/background 100/111/12 (44.8/49.8/5.4) 84/36/10 (64.6/27.7/7.7) 33/32/8 (45.2/43.8/11.0) 141/88/21 (56.4/35.2/8.4)
Sight-threatening 60/97/18 (34.3/55.4/10.3)b 69/46/6 (57.0/38.0/5.0) 5/18/5 (17.9/64.3/17.9)c 73/55/5 (54.9/41.4/3.8)
Neuropathy
Vibration threshold <25 V 62/70/8 (44.3/50.0/5.7) 51/20/7 (65.4/25.6/9.0) 3/4/3 (30.0/40.0/30.0) 24/11/2 (64.9/29.7/5.4)
Vibration threshold ≥25 V 92/135/15 (38.0/55.8/6.2) 102/53/8 (62.6/32.5/4.9) 44/54/11 (40.4/49.5/10.1) 254/146/25 (59.8/34.4/5.9)
Macrovascular complications
No 147/189/30 (40.2/51.6/8.2) 152/66/17 (64.7/28.1/7.2) 41/64/17 (33.6/52.5/13.9) 241/148/25 (58.2/35.7/6.0)
Yes 18/24/4 (39.1/52.2/8.7) 23/16/5 (52.3/36.4/11.4) 19/14/1 (55.9/41.2/2.9)d 106/54/8 (63.1/32.1/4.8)

a p=0.004, T/T genotype vs T/A+A/A genotype (with diabetic nephropathy vs without)
b p=0.04, T/T genotype vs T/A+A/A genotype (with sight-threatening retinopathy vs without)
c p=0.01, T/T genotype vs T/A+A/A genotype (with sight-threatening retinopathy vs without)
d p=0.03, T/T genotype vs T/A+A/A genotype (with macrovascular complications vs without)
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with good metabolic control. One explanation could be that
the AGER polymorphism itself would influence glycaemic
control. However, the HbA1c did not differ between the
different genotype carriers in type 1 diabetes (T/T 7.38%,
T/A 7.48%, A/A 7.58%) or in type 2 diabetes (T/T 6.88%,
T/A 6.78%, A/A 6.99%).

Clearly our study had enough power to detect differ-
ences in the allele frequencies in nephropathy in type 1
diabetic patients. Assuming genotypic relative risk of 1.5,
the power was >94% to detect differences in diabetic
retinopathy, neuropathy and macrovascular disease in both
type 1 and type 2 diabetic patients, and also to detect
possible differences in nephropathy in type 2 diabetic
patients (α=0.05). Therefore, it seems clear that the AGER
−374 T/A polymorphism is mainly a risk factor for diabetic
nephropathy in type 1 diabetic patients and seems to have a
minor impact, if any, in other complications and in type 2
diabetic patients. The p value of 0.006 observed in type 1
diabetic patients with and without diabetic nephropathy is
still significant even if corrected for multiple comparisons
(four).

It has been assumed that the underlying pathophysio-
logical mechanism leading to late diabetic complications
are similar in type 1 and type 2 diabetes, but different
modifying factors may be operative in the two forms of
diabetes, including genetic factors. One such genetic factor
could be polymorphism in the gene encoding RAGE. In
fact, in the current study the AGER polymorphism showed
almost opposite effects on late diabetic complications in
type 1 and type 2 diabetes. Whereas the increased risk
conferred by the AGER polymorphism was straightforward
in type 1 diabetes (microangiopathy), the effect was much
more complex in type 2 diabetes, suggesting that other
factors, such as insulin resistance [30, 31], hypertension,
obesity, dyslipidaemia and ischaemic renal disease, but also
other genetic factors, might be of greater importance in the
development of diabetic complications in type 2 than in
type 1 diabetes.

Our observation that the A allele was a risk factor for
diabetic nephropathy conflicts with a recent study in
Finnish type 1 diabetic patients, in whom the A/A genotype
was protective in patients with high HbA1c [18]. Similarly,
studies on macrovascular disease in type 2 diabetic and in
non-diabetic patients [19–21] have shown a protective role
of the A allele. However, several other studies support the
role of A allele as a risk factor rather than a protective
factor against diabetic complications. The A allele has
shown to have a threefold increased transcriptional activity
and it has been shown that overexpression of AGER in a
double transgenic diabetic mouse led to enhanced albumin-
uria, mesangial expansion and glomerulosclerosis [32].
Similarly, treatment with sRAGE can decrease the risk of
nephropathy in the db/db mouse [33]. It would therefore be

plausible to expect that the A allele is more frequent in
patients with than without complications. Our observation
that the A allele is a risk factor for diabetic nephropathy and
retinopathy is therefore in accordance with these previous
observations [13, 32, 33].

There are several possible explanations for the differ-
ences observed in this study and the FinnDiane study [18],
such as differences in study design and ethnic background.
The frequency of AGER −374 T/A polymorphism was
strongly dependent on the HLA-DQB1 genotype, the
frequency of which can vary in different populations [34],
and therefore also the frequency of AGER −374 T/A
polymorphism. The frequency of the 63 bp insertion/
deletion polymorphism was also lower in Scandinavian
patients than in patients of other origins. Because the
deletion allele has a fourfold increased transcriptional
activity, a higher prevalence in certain populations could
confer increased susceptibility to diabetic complications in
these populations. Finally, because of its location in the
MHC region and the strong linkage disequilibrium between
different HLA loci, it is possible that at least some of the
associations found with the AGER and diabetic complica-
tions may in fact be due to variations in other genes in the
same region. A few but not all previous studies have shown
an association between diabetic nephropathy or retinopathy
and HLA genotype [35–38]. We could not find any direct
association between HLA-DQB1 risk genotype and diabetic
complications. However, the association between AGER
−374 T/A polymorphism and diabetic nephropathy and
retinopathy in type 1 diabetic patients was only significant
in patients with HLA-DQB1 risk genotype (Table 8).
Intriguingly, macrovascular disease was associated with
AGER −374 T/A polymorphism in type 2 diabetic patients
with HLA-DQB1 risk genotype, the T/T genotype being
more frequent in patients with macrovascular disease than
in those without. Given the small number of type 2 diabetic
patients having the HLA-DQB1 risk genotype and the fact
that the figures are not corrected for multiple comparisons,
we cannot exclude a type I error. The MHC region is very
gene-dense and many of the genes are involved in
inflammation and therefore also possible candidate genes
for diabetic complications. Recently, the TNF-α 308 G/A
polymorphism has been shown to be associated with
diabetic nephropathy in obese Chinese type 2 diabetic
patients [39]. Another possible confounder is the LTAT60N
polymorphism that has previously been associated with
insulin resistance and type 2 diabetes [40].

Taken together, our results suggest that AGER −374 T/A
polymorphism is associated with diabetic complications,
most strongly with diabetic nephropathy. The fact that the
HLA-DQB1 genotype is associated with this polymorphism
explains the observed differences in the genotype frequency
of AGER polymorphism between type 1 and type 2

Diabetologia (2006) 49:2745–2755 2753



diabetes. The association of the AGER −374 T/A polymor-
phism and late diabetic complications seems to be much
more complex than previously thought, and could explain
why previous studies have failed to show any association
between diabetic complications and AGER −374 T/A
polymorphism. There seems to be a difference in how this
polymorphism affects the risk of diabetic complications
depending both on the type of diabetes and on degree of
metabolic control. Finally, we cannot exclude the possibil-
ity that other gene variations in the same region play a role
in the development of diabetic complications.
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