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Abstract
Aims/hypothesis Patients with type 1 diabetes and kidney
disease have a higher risk of cardiovascular events. HLA
class II genes are expressed on infiltrated inflammatory cells
and smooth-muscle cells in atherosclerotic plaques. We
hypothesised that HLA class II haplotypes or genotypes
might influence the risk of cardiovascular complications
and death in Finnish type 1 diabetic patients.

Methods We included 3,082 patients with type 1 diabetes
from the Finnish Diabetic Nephropathy Study. We analysed
the 12 and ten most common HLA II haplo- and genotypes,
respectively, using χ2 tests. The positive findings were
analysed with three differently adjusted regression models
with cardiovascular morbidity and death as endpoints. Dif-
ferent kidney status groups were analysed separately.
Results At baseline, the common (DR1/10)-DQB1*05:01
haplotype (20.4%) and the (DR1/10)-DQB1*05:01/
DRB1*04:01-DQB1*03:02 genotype (8.7%) were indepen-
dently associated with cardiovascular disease in all kidney
status groups, except in patients with normal AER. At
follow-up (9.45 years; range 0.1–16.1 years), the (DR1/10)-
DQB1*05:01/DRB1*04:01-DQB1*03:02 genotype was asso-
ciated with cardiovascular mortality rates in patients with
normal AER and microalbuminuria.
Conclusions/interpretation The (DR1/10)-DQB1*05:01
haplotype and the (DR1/10)-DQB1*05:01/DRB1*04:01-
DQB1*03:02 genotype are independently associated with
cardiovascular events and death in Finnish type 1 diabetic
patients.
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ESRD End-stage renal disease
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hsCRP High-sensitivity C-reactive protein
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Introduction

Death from cardiovascular disease (CVD) is more common
in patients with diabetes than in the general population [1].
In patients with type 1 diabetes, the presence of diabetic
nephropathy explains most of the risk of premature death
[2]. Well-established risk factors for cardiovascular morbid-
ity and death include male sex, smoking, dyslipidaemia,
AER, hypertension and overweight, but these factors alone
do not fully account for the increased risk of CVD. It is
therefore likely that other as yet unidentified factors influ-
ence susceptibility to CVD in patients with type 1 diabetes.

The leading cause of CVD is atherosclerosis, which is
associated with inflammatory components at all disease
stages, including leucocyte infiltration and complement acti-
vation [3]. It is unclear whether the HLA class II is also
involved in the pathogenesis of atherosclerosis, but HLA is
present in atherosclerotic vessel wall plaques, especially on
the surface of the accumulated inflammatory cells [4], which
when activated can, via IFN-γ, induce the smooth-muscle
cells in the vessel wall plaques to express HLA II genes [5].

The highly polymorphic HLA class II locus on chromo-
some 6p21.3 is the strongest genetic factor associated with
type 1 diabetes [6]. Some HLA class II alleles confer sus-
ceptibility, whereas others protect against the development
of type 1 diabetes [7]. Similar properties of the HLA have
been observed in connection with the development of coro-
nary artery disease in the general population [8]. Thus
genetic variants that influence type 1 diabetes susceptibility
might also be associated with the cardiovascular complica-
tions seen in patients with type 1 diabetes. We therefore
examined whether certain HLA class II haplotypes and
genotypes are associated with CVD and cardiovascular
mortality rates in Finnish patients with type 1 diabetes.

Methods

Participants The study included 3,082 well-characterised
Finnish adult patients with type 1 diabetes. They were all
part of the nationwide, multicentre Finnish Diabetic Ne-
phropathy (FinnDiane) Study, which has been described in
detail elsewhere [9]; for details on participating centres, see
electronic supplementary materials (ESM) Table 1. In brief,
type 1 diabetes was defined as having an age at onset of
40 years or less, with insulin treatment initiated within 1 year
of diagnosis. Blood and urine samples were collected for
determination of HbA1c, lipids, serum creatinine and urinary
AER. Standardised questionnaires were completed by the
attending physicians to obtain information on clinical
events, medication and lifestyle. CVD was defined as acute
myocardial infarction (AMI), coronary bypass procedure,
peripheral vascular disease or stroke. Diabetic nephropathy

was diagnosed when two of three consecutive overnight
urine collections showed an AER of ≥300 mg per 24 h or
≥200 μg/min (macroalbuminuria). Microalbuminuria was
defined as an AER of 30 to 299 mg per 24 h or 20 to
199 μg/min. End-stage renal disease (ESRD) was defined
as patients being on dialysis or having received a kidney
transplant. The study was approved by the local Ethics
Committees of participating study centres. All patients gave
informed consent to participate in the study. The study
follows the Declaration of Helsinki.

Mortality rate Deaths from any cause through to 17 March
2010 were identified for the entire cohort via a search of the
Finnish Cause of Death Registry and evaluated as all-cause
and cardiovascular mortality. Death from cardiovascular
causes was established when the underlying or immediate
cause of death was macrovascular in origin, i.e. given as
ICD-10 I21-25 (www.who.int/classifications/icd/en/) for
cardiovascular and ICD-10 I60-64 for cerebrovascular
deaths.

DNA samples and HLA genotyping Depending on the age
of the sample, DNAwas isolated from whole blood using a
purification kit (Puregene DNA; Gentra Systems, Minneap-
olis, MN, USA) or the phenol-chloroform method to max-
imise the yield. HLA genotyping was performed with a
sequence-specific hybridisation method using previously
described oligonucleotide probes [7]. HLA haplotypes were
created on the basis of previously known linkage disequi-
librium patterns in whites, with ungenotyped but deduced
DR-alleles given in parentheses [7].

Statistical analysis Patients were assigned a binary value
(yes/no) for HLA haplotypes and an additional binary value
(yes/no) for an HLA haplotype genotype (referred to here as
genotype). Due to the highly polymorphic nature of the
HLA locus, we analysed only HLA haplotypes with fre-
quencies ≥1% (n012) and HLA genotypes with frequencies
≥2% (n010) using separate χ2 tests. With these selection
criteria, we captured 92% of the included patients. For each
of the haplotypes or genotypes that showed an association
with CVD, associations were explored separately using
regression models. For baseline analyses we used logistic
regression and for time-to-event (CVD death) analyses Cox
regression. These multivariate logistic regression and Cox
regression analyses were adjusted using three different
models. In Model 1, used for logistic and Cox regression
analyses, results were adjusted for the conventional risk
factors: sex, duration of diabetes, BMI, systolic BP, HbA1c,
loge triacylglycerol, current smoking and serum creatinine.
Model 2 and Model 3 were obtained by using the multivar-
iate backward conditional option, with CVD or CVD death
as endpoints, respectively. The p value for inclusion of the
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clinical variables in the models was 0.05 and that for re-
moval was 0.10. In the process of obtaining the final Model
2 and Model 3 results, the following variables were used:
sex, age, age at type 1 diabetes onset, duration of diabetes,
HbA1c, AER, estimated GFR (eGFR), high-sensitivity C-
reactive protein (hsCRP), systolic and diastolic blood pres-
sure, pulse pressure, mean arterial pressure, WHR, BMI,
triacylglycerol, and total, HDL-, non-HDL- and LDL-
cholesterol. Model 2 for logistic regression was finally
adjusted for: sex, age at type 1 diabetes onset, duration,
WHR, systolic BP, eGFR, non-HDL-cholesterol and HDL-
cholesterol. Model 3 Cox regression was adjusted for: sex,
age, pulse pressure, loge hsCRP, AER, eGFR and HDL.
ESRD patients were excluded when fitting Model 2 and
Model 3. Different kidney status groups were analysed
separately unless otherwise stated, and hence AER and
eGFR were excluded from the models. Due to the low
number of CVD events and deaths in the normoalbuminuric
patient group, we also combined patients with normal AER
with microalbuminuric patients to increase statistical power.
HLA and hsCRP associations were analysed by a Mann–
Whitney test. SPSS 15 (SPSS, Chicago, IL, USA) was used

for the analyses. A value of p<0.05 was considered statisti-
cally significant. We had sufficient power (>98%) to detect an
association for CVD and CVD death in this study population,
calculated with http://pngu.mgh.harvard.edu/∼purcell/gpc/
[10] (last accessed 3 June 2012).

Results

At baseline, 315 (10.2%) of the 3,082 patients had CVD. At
follow-up 364 (11.8%) patients had died, 191 (52.5% of
deaths) from CVD (Table 1). Of the patients who died of
cardiovascular causes, 99 (51.8%) had pre-existing CVD.

Baseline We identified altogether 23 HLA haplotypes and
115 HLA genotypes (data not shown), but included only the
12 and ten most frequent haplo- and genotypes for further
analyses, respectively (Table 2). At baseline, the (DR1/10)-
DQB1*05:01 haplotype was enriched in patients with CVD
(26.6% vs 19.6%; p00.021). Using Model 1 (ESRD patients
excluded), (DR1/10)-DQB1*05:01 was associated with CVD
(OR 1.65, 95% CI 1.13, 2.40; p00.009). Separate analysis of

Table 1 Patient characteristics

Unless otherwise stated, values
are presented as means (SD),
except those for serum creati-
nine, urinary AER, triacylgly-
cerol and hsCRP, which are
given as median (IQR)
*p<0.05, ***p<0.001 compared
with undeceased patients
without CVD

Characteristic Alive, no CVD CVD CVD death

n 2446 315 191

Male (%) 49.5 52.0 63.9***

Age (years) 36.4 (11.1) 49.8 (9.2)*** 48.2 (9.79)***

Age at onset (years) 14.4 (8.6) 14.33 (8.8) 14.14 (9.23)

Duration of diabetes (years) 22.0 (10.9) 35.4 (8.8)*** 34.08 (8.71)***

Diabetic nephropathy (%) 17.4 26.0 76.4***

Current smoking (%) 23.0 23.1 24.2

BMI (kg/m2) 25.1 (3.4) 25.4 (3.9) 24.76 (3.74)

WHR, men 0.91 (0.07) 0.95 (0.07)*** 0.96 (0.07)***

WHR, women 0.81 (0.06) 0.87 (0.08)*** 0.85 (0.08)***

HbA1c (%) 8.41 (1.41) 8.71 (1.45)*** 8.87 (1.67)***

HbA1c (mmol/mol) 68.42 71.70 73.45

Systolic BP (mmHg) 132 (17) 148 (21)*** 150 (22)***

Diastolic BP (mmHg) 80 (10) 81 (11)* 83 (12)***

Pulse pressure (mmHg) 53 (15) 67 (19)*** 68 (19)***

Mean arterial pressure
(mmHg)

97 (11) 104 (12)*** 105 (13)***

Serum creatinine (μmol/l) 84 (72–97) 120 (94–209)*** 142 (97–285)***

eGFR (ml min−1 1.73 m−2) 97.1 (33.1) 57.8 (29.8)*** 57.2 (29.5)***

Urinary AER (mg/24 h) 11.0 (6.0–43.0) 42.0 (10.0–298.5)*** 96.5 (20.8–667.0)***

Triacylglycerol (mmol/l) 1.01 (0.76–1.43) 1.31 (0.99–1.88)*** 1.42 (1.06–2.11)***

Total cholesterol (mmol/l) 4.93 (0.95) 5.09 (0.94) 5.43 (1.27)***

HDL-cholesterol (mmol/l) 1.32 (0.37) 1.18 (0.39)*** 1.15 (0.399)***

LDL-cholesterol (mmol/l) 3.07 (0.84) 3.19 (0.84) 3.46 (0.974)***

Non-HDL-cholesterol
(mmol/l)

3.63 (0.99) 3.89 (0.99)* 4.28 (1.29)***

hsCRP (nmol/l) 18.57 (11.24–36.86) 27.24 (15.14–59.43)*** 24.10 (14.76–62.10)***
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the kidney status groups revealed that the (DR1/10)-
DQB1*05:01 haplotype was independently associated with
CVD in macroalbuminuric patients adjusted as for Model 1
(OR 2.11, p00.012) and Model 2 (OR 2.09, p00.019).
The (DR1/10)-DQB1*05:01/DRB1*04:01-DQB1*03:02
genotype was associated with CVD in patients with
microalbuminuria at baseline when adjusted as for Model 1
(OR 4.05, p00.02) andModel 2 (OR 4.86, p00.023), and also
when normo- and microalbuminuric patients were combined
(Table 3). In the ESRD group, the (DR1/10)-DQB1*05:01/
DRB1*04:01-DQB1*03:02 genotype was enriched in patients
without CVD events (10.9% vs 5.1%; p00.093) and was
associated with decreased risk of CVD after adjustment as
for Model 2 (OR 0.171, p00.034) (Table 3). We did not
observe any significant associations for protective HLA
haplo- or genotypes. We also analysed the identified risk
HLA haplo- and genotypes by hsCRP levels separately for
each kidney status group, observing higher hsCRP levels in
the normoalbuminuric patient group for carriers of (DR1/10)-
DQB1*05:01 (median19.05, interquartile range [IQR]
11.62–36.00 vs 16.76, IQR 10.00–32.10; p00.023) and
(DR1/10)-DQB1*05:01/DRB1*04:01-DQB1*03:02
(20.67, IQR 12.67–40.19 vs17.05, IQR 10.10–32.38; p0
0.015).

Follow-up The mean follow-up time was 9.45 years (range
0.1–16.1 years). The (DR1/10)-DQB1*05:01/DRB1*04:01-
DQB1*03:02 genotype was associated with cardiovascular
death in the patient group combining normo- and micro-
albuminuric patients when adjusted with Model 1 (HR 3.92,
logrank p00.00021) and Model 3 (HR 3.20, logrank p0
0.002) (Table 3). Of the 45 patients who died from CVD in
the normo- and microalbuminuric patient group, ten (22.2%)
had (DR1/10)-DQB1*05:01/DRB1*04:01-DQB1*03:02,

making this the most prevalent genotype. By comparison,
the (DR3)-DQA1*05-DQB1*02/DRB1*04:01-DQB1*03:02
genotype was the second most common with a prevalence of
17.8% in this patient group, whereas normally it is the most
common genotype among our patients (18.8%). We also
inserted pre-existing CVD as a covariate in the Cox models.
In Model 1 and Model 3, the (DR1/10)-DQB1*05:01/
DRB1*04:01-DQB1*03:02 genotype was significantly asso-
ciated with CVD death in the patient group combining normo-
and microalbuminuric patients (Model 1: HR 2.89, 95% CI
1.40, 5.98; logrank p00.004;Model 3: HR 2.31, 95%CI 1.08,
4.94; logrank p00.032). We did not observe any significant
associations for protective HLA haplo- or genotypes.

Discussion

At baseline and prospectively, the presence of the common
(DR1/10)-DQB1*05:01 haplotype (20.7%), alone or in
combination with DRB1*04:01-DQB1*03:02, is associated
with cardiovascular events, as well as with cardiovascular
mortality rates in type 1 diabetes. We applied different
multivariate regression models, in addition to more conven-
tional risk factor analysis, and in both cases the (DR1/10)-
DQB1*05:01 haplotype or the (DR1/10)-DQB1*05:01/
DRB1*04:01-DQB1*03:02 genotype was a significant in-
dependent risk factor for CVD or cardiovascular death. To
our knowledge, the FinnDiane Study has to date the largest
collection of adult type 1 diabetes patients, making it ideal for
our study setting of CVD and CVD death manifesting later in
life. Unfortunately, the difficulty of finding a sufficiently large
replication cohort has prevented us from replicating our find-
ings. Nevertheless, other studies, although not performed in
participants with diabetes, provide supporting evidence of the

Table 2 Frequencies of the most common HLA haplotypes and genotypes in the FinnDiane Study

Haplotypea n % HLA genotypeb n %

DRB1*04:01-DQB1*03:02 1791 58.1 (DR3)-DQA1*05-DQB1*02/DRB1*04:01-DQB1*03:02 578 18.8

(DR3)-DQA1*05-DQB1*02 1255 40.7 (DR1/10)-DQB1*05:01/DRB1*04:01-DQB1*03:02 269 8.7

(DR1/10)-DQB1*05:01 629 20.4 (DR8)-DQB1*04/DRB1*04:01-DQB1*03:02 249 8.1

DRB1*04:04-DQB1*03:02 509 16.5 DRB1*04:01-DQB1*03:02/DRB1*04:01-DQB1*03:02 199 6.5

(DR8)-DQB1*04 478 15.5 DR3-DQA1*05-DQB1*02/DRB1*04:04-DQB1*03:02 192 6.2

(DR13)-DQB1*06:04 269 8.7 (DR1/10)-DQB1*05:01/(DR3)-DQA1*05-DQB1*02 129 4.2

(DR9)-DQA1*03-DQB1*03:03 177 5.7 (DR13)-DQB1*06:04/DRB1*04:01-DQB1*03:02 110 3.6

(DR7)-DQA1*02:01-DQB1*02 147 4.8 (DR3)-DQA1*05-DQB1*02/(DR3)-DQA1*05-DQB1*02 107 3.5

(DR4)-DQA1*03-DQB1*03:01 135 4.4 DRB1*04:01-DQB1*03:02/DRB1*04:04-DQB1*03:02 89 2.9

(DR13)-DQB1*06:03 126 4.1 (DR13)-DQB1*06:03/DRB1*04:01-DQB1*03:02 82 2.7

(DR11/12/13)-DQA1*05-DQB1*03:01 123 4.0

(DR15)-DQB1*06:02 39 1.3

aFrequency ≥1%
bFrequency ≥2%
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involvement of the haplotype and genotype identified by us in
CVD and CVD death. Thus the (DR1/10)-DQB1*05:01 hap-
lotype was associated with coronary artery disease in the
general Finnish population [8] and the HLA-DRB1*01:01-
DQA1*01-DQB1*05 haplotype was associated with AMI in
a non-diabetic Swedish cohort [11]. A Chinese study also
linked the DRB1*01 gene to coronary heart disease [12]. A
study by Farragher et al [13] used a research setting analogous
to ours to study mortality rates and CVD in patients with two
different autoimmune diseases: rheumatoid arthritis and in-
flammatory polyarthritis. A common denominator between
type 1 diabetes, rheumatoid arthritis and inflammatory poly-
arthritis seems to be that HLA is a causal risk factor for the
development of all three disorders. Interestingly, the genotype
we identified as being associated with cardiovascular death,
namely (DR1/10)-DQB1*05:01/DRB1*04:01-DQB1*03:02,
was the same as that shown by Farragher et al to influence
CVD mortality rates in their patients [13]. Some other studies
have also shown similar results for (DR1/10)-DQB1*05:01
and/or DRB1*04:01-DQB1*03:02 with regard to CVD and
death in connection with rheumatoid arthritis [14, 15]. A
recent study performed in a Finnish population showed that
the haplotype containing HLA-DRB1*01 is associated with
ST-elevation myocardial infarction [16]. Taken together, these
data suggest that HLA-(DR1/10)-DQB1*05:01, alone or in
combination with DRB1*04:01-DQB1*03:02, confers a
higher risk of cardiovascular events and death in the general
population, in patients with autoimmune diseases and specif-
ically in those with type 1 diabetes.

Findings for the haplo- or genotypes, and CVD and CVD
mortality rates, differed on the basis of diabetic kidney
disease status, with associations not consistently predispos-
ing to CVD in ESRD patients. The inverse relationship
between CVD events and the (DR1/10)-DQB1*05:01/
DRB1*04:01-DQB1*03:02 genotype in ESRD patients sup-
ports our findings in the other kidney status groups, and
could be due to survival bias. It can be speculated that
patients who develop ESRD might have survived cardiovas-
cular events and avoided death at the macroalbuminuric
stage, and may therefore have a different genetic make-up
compared with the other kidney status groups. In this case,
the risk HLA genotype for CVD may be protective in
ESRD, because patients with the (DR1/10)-DQB1*05:01/
DRB1*04:01-DQB1*03:02 genotype would normally have
died at an earlier stage of their kidney disease [17].

HLA class II expression is upregulated or altered in many
autoimmune diseases and this could partly explain the
higher prevalence of CVD in autoimmunity observed in a
previous review [18]. A growing body of evidence links
several factors of the immune system to atherosclerosis;
indeed, atherosclerosis itself has even been proposed to be
an inflammatory autoimmune disease [19]. In patients with
CVD, autoantigens are frequently found, especially heat

shock proteins (HSPs) and oxidised LDL (oxLDL) [20,
21]. Internalised oxLDL is presented by HLA II molecules
on the infiltrated macrophages to CD4+ T cells, which
further enhance the ongoing inflammation process in the
vessels by secreting inflammatory cyto- and chemokines
[19, 22]. IFN-γ is secreted by monocytes/macrophages
and also by CD4+ T cells [19], and is capable of inducing
expression of the mostly absent HLA-DQ and HLA-DP
genes in vessels; HLA-DR is nevertheless constitutively
expressed on endothelial cells [18]. It could be hypothesised
that the (DR1/10)-DQB1*05:01/DRB1*04:01-DQB1*03:02
genotype, which was found to be associated with CVD and
CVD death, might be upregulated in the vessel walls or
carry (HLA) genes that have a specific affinity for oxLDL
or HSP60, or as yet unidentified autoimmune epitopes,
thus exacerbating the pro-atherosclerotic inflammatory
process. The higher CRP levels seen in our patients with
normoalbuminuria and the risk haplo- and genotypes are
suggestive of an exacerbated inflammation process. This
inflammatory activation could possibly contribute to the
development of CVD and CVD death in patients with
these risk HLA haplo- and genotypes.

Although a plausible biological link exists between HLA
class II genes and atherosclerosis, it should be recognised
that the linkage disequilibrium and haplotype structure of
the HLA locus also enable the observed association to be
located elsewhere on chromosome 6p. A recent genome-
wide association study identified a risk locus for coronary
artery disease in the HLA locus [23], highlighting the pos-
sibility that our finding could also be located in the extended
HLA haplotype. HLA class I, as well as complement and
other genes of the immune system are possible candidates
for the associations [8] and this requires further study.

We did not identify any protective haplotypes, not even
the (DR7)-DQA1*02:01-DQB1*02 haplotype identified by
Palikhe et al in the Finnish population [8] for CVD or CVD
death, or haplotypes identified in a Chinese population [24].
Possibly, the protective haplotypes or genotypes were not
detectable in our study setting, due to their low frequencies
or insufficient statistical power to detect their effect.

The main strength of this study is that it draws on com-
plete follow-up in a well-characterised patient collection.
One potential limitation is that the number of individuals
affected by CVD is relatively small and this number is
further reduced when the different HLA haplotypes and
genotypes are analysed. However, although the numbers
are small, the presence of the high CVD risk HLA (DR1/
10)-DQB1*05:01 haplotype or (DR1/10)-DQB1*05:01/
DRB1*04:01DQB1*03:02 genotype is nevertheless a sig-
nificant risk factor, in addition to conventional factors, for
carriers to suffer a CVD event or premature cardiovascular
death. Therefore, it may be worth monitoring patients with
the susceptibility HLA haplotype or genotype even more
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carefully, because they seem to increase the risk of cardio-
vascular death, even in patients with no kidney disease or
minor changes in their kidneys. However, these observa-
tional findings first need to be confirmed in future experi-
mental settings.

To summarise, we identified HLA class II haplo- and
genotypes that are associated with CVD and CVD death in
a large Finnish type 1 diabetes cohort, regardless of the
kidney status of the patients.
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