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Care (ZODIAC) cohort, a type 2 diabetes patient cohort.
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Results: We studied 756 patients with a mean duration of follow-up of 5.4 ( 1.4) years. 194
patients died during follow up of which 83 were cardiovascular deaths. 144 subjects (19%)
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carried the CCR5D32 deletion. CCR5D32 carriers had an adjusted hazard ratio of 0.62 (95%CI:
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0.40–0.96; p = 0.03) for all-cause mortality and 0.63 (95%CI: 0.33–1.19; p = 0.16) for cardiovas-
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cular mortality.
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Conclusions: The presence of CCR5D32 is associated with better survival in type 2 diabetes
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patients. These data suggest that it is worthwhile to explore the protective potential of
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pharmacological blockade of CCR5 in type 2 diabetic patients.
# 2009 Elsevier Ireland Ltd. All rights reserved.

1.

Introduction

Chemokines and their receptors have a central role in
leucocyte trafficking, and are involved in the pathophysiology
of various inflammatory disorders [1,2]. Genetic variability in
the chemokine cascades could therefore potentially modify
inflammatory processes. For the CC-chemokine receptor 5
(CCR5) several polymorphisms have been described. Among
these, the CCR5D32 genetic variant, consisting of a 32-basepair
deletion in the open reading frame effectively results in
functional CCR5 deficiency by absence of CCR5 membrane
expression. Heterozygous subjects express a lower amount of
functional receptors compared to wild-type homozygotes [3].
The pathophysiological signficance of the CCR5D32 genetic

variant is demonstrated by its association with resistance to
HIV infection, where CCR5 modulates virus entry [4,5].
CCR5 is expressed on T cells, macrophages, smooth muscle
cells and endothelial cells [6,7]. These cells are involved in the
chronic inflammatory state present in insulin resistance, type
2 diabetes, atherosclerosis and uremia [2,8–10]. In line with its
protective effect in HIV, CCR5D32 has also been shown to be
associated with better outcome in patients with a high risk for
atherosclerotic cardiovascular disease, dialysis patients and
renal transplant recipients, probably by modulation of the
inflammatory response in these conditions [11–15].
Type 2 diabetes is characterized by a particularly elevated
overall and cardiovascular mortality, attributed at least partly
to a generalized inflammatory condition [8,16]. This elicits the
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hypothesis that CCR5D32 could be associated with mortality
risk in type 2 diabetes as well. To test this hypothesis, in the
current study we investigated whether the presence or
absence of CCR5D32 is associated with overall and/or
cardiovascular mortality in a longitudinal follow-up cohort
of type 2 diabetic patients.

2.

Patients and methods

2.1.

Patients

This study is part of the Zwolle Outpatient Diabetes project
Integrating Available Care (ZODIAC). In this project, general
practitioners (GP) receive support by diabetic specialists for
the implementation of the Dutch national guidelines in care of
type 2 diabetic patients. Patients were recruited from the
eastern part of the Netherlands. In a part of this project all
patients with type 2 diabetes, exclusively treated by their GP
are followed annually. These patients (n = 1149) are part of the
present study. Eligibility criteria were: type 2 diabetes, as
defined by the national guidelines of the Dutch college of
general practitioners (based on the 1997 American Diabetes
Association criteria) treated by a general practitioner. All
patients gave informed consent before being included. The
study was approved by the local medical ethics committee.
Patients were included between January 1998 and December
1999. Details were described previously [17]. For the current
analyses data were used from patients who gave permission
for DNA analyses (n = 798). Patients were followed until date of
death or date of censoring, i.e. withdrawal from the study or
end of the follow-up period (December 2004).

2.2.

Demographic and clinical data

The following data were collected: age, gender, smoking habit,
medication use, systolic and diastolic standing, office blood
pressure after 5 min rest (Tycos sphygmomanometer; Welch
Allyn B.V., Delft, The Netherlands), medical history and comorbidity, body mass index (BMI) and diabetes duration. A
blood sample and a urine sample were obtained. Serum lipids,
serum creatinine and urine albumine/kreatinine ratio were
determined by routine assays (Roche/ Hitachi modular
analyzer; Roche diagnostics, Laval, QC, Canada). HbA1C was
determined by high performance liquid chromatography
(Primus CLC-385; Primus Corp., Kansas City, MO, USA).
Creatinine clearance was calculated using the MDRD formula
[18]. Patients with a history of angina pectoris, myocardial
infarction, heart failure, stroke or claudication at time of
inclusion were defined as having cardiovascular disease.
Dates of death were determined by reviewing patient records
or were reported by the general practitioner and were checked
at the Central Bureau of Statistics. The cause of death was
obtained by linking the number of the death certificate to the
primary cause of death as coded by a physician from the
Central Bureau of Statistics. Cardiovascular causes of death
were coded according to the International Classification of
Diseases (ICD), 9th revision. Death due to ischemic coronary
heart disease, heart failure, and cerebrovascular disease were
coded as cardiovascular death.
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2.3.
DNA preparation and polymerase chain reaction
analysis
The CCR5 gene is located on chromosome 3p21. In the assay,
genotypes were determined by discrimination during the
polymerase chain reaction (PCR) with two allele-specific
probes (PE Biosystems, Foster city, CA, USA). Each assay
requires two unlabeled primers (Life Technologies, Foster city,
CA, USA). The PCR was accomplished by using Taqman
universal master mix (PE Biosystems, Foster city, CA, USA). A
detailed description was published previously [19]. Patients
were divided in two groups according to their CCR5 genotype
namely those homozygous for the major allele (non-carriers)
and those with 1 or 2 deletion alleles (carriers). Patients with
one or two deletion alleles were grouped together, as it has
been demonstrated that presence of one minor allele is
sufficient to compromise CCR5 function [3]. Moreover, the
number of individuals homozygous for the minor allele was
too low to provide adequate statistical power to analyze as a
separate group.

2.4.

Statistics

Hardy–Weinberg equilibrium was calculated using the genecounting method. Differences between groups were tested
with the chi-square test for dichotomous and categorical
variables and one-way ANOVA for continuous variables.
Survival of overall and cardiovascular mortality was investigated using univariate and multivariate Cox’s proportionalhazard analyses. A primary multivariate analysis included age
and sex as possible confounders. In further multivariate
analyses, additional adjustment was performed for variables
with significant difference between the two genotype groups.
Finally, additional adjustment was performed for variables
with more than 10% difference between the two groups.
Cumulative hazards were calculated to display the survival
model graphically. All statistical analyses were performed
with SPSS statistical software (version 14.0; SPSS, Chicago, IL,
USA). A p-value of 0.05 was assumed to indicate statistical
significance for all analyses.

3.

Results

A total of 798 patients were included. In 42 patients (5.3%) the
CCR5 genotype could not be determined. These patients
showed similar baseline characteristics to the genotyped
patients (data not shown). Further statistical analyses were
performed on the 756 patients who were genotyped for CCR5.
The CCR5 ins32 (+)/del32 (D) genotype was distributed as
follows: 613 +/+ (81.1%), 137 +/D (18.1%) and 6 D/D (0.8%). The
genotype frequency did not deviate significantly from Hardy–
Weinberg equilibrium (P = 0.58). As stated in the methods
section we combined carriers of the CCR5D32 genetic variant
into a single carrier genotype group of 143 individuals (18.9%).
Table 1 lists the baseline characteristics of the population
stratified by CCR5 genotype. The patient characteristics for the
different genotype groups were largely similar, except systolic
and diastolic blood pressure and HDL cholesterol level.
Carriers of the D32 polymorphism had a higher systolic and
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Table 1 – Baseline characteristics of the ZODIAC cohort.
CCR5 +/+ (n = 613)

CCR5 +/D and D/D (n = 143)

p

Male sex (%)
Age (years)

42.4
68  11

38.5
68  10

0.39
0.44

Smoking (%)
Current
Never
Previously

18.8
51.3
29.8

14.0
54.4
31.6

0.41

CVD (%)
DM duration (years)
SBP (mmHg)
DBP (mmHg)
BMI (kg/m2)
TC (mmol/l)
HDL-c (mmol/l)
HbA1C (mmol/l)
eGFR (ml/min)
Alb/creat ratio >2.5 males, >3.5 females

36.2
7.2  8.0
153  25
84  12
28.8
5.6  1.1
1.16  0.33
7.4  1.2
75.9  17.7
36.8

28.7
6.2  6.1
159  27
86  11
28.7
5.8  1.1
1.23  0.34
7.3  1.3
76.2  16.8
40.2

0.10
0.17
0.01
0.04
0.80
0.10
0.03
0.19
0.89
0.48

ADT (%)
No medication (only diet)
Only oral drugs
Only insulin
Insulin and oral drugs

12.2
73.1
12.8
1.9

12.4
69.9
16.2
1.5

AHT (%)
LLD (%)
Aspirin (%)

43.4
11.3
12.0

39.7
5.1
9.6

0.76

0.43
0.03
0.43

CVD, history of cardiovascular disease; ADT, anti-diabetic treatment; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body
mass index; TC, total cholesterol; HDL-c, HDL-cholesterol; eGFR, estimated GFR by MDRD formula; AHT, anti-hypertensive treatment; LLD,
lipid-lowering drugs. Data are presented as percentage or mean (SD).

diastolic blood pressure and a higher HDL cholesterol level.
Also the use of lipid lowering drugs was different between
both groups, with less use of lipid lowering drugs in carriers.
The mean follow-up duration was 5.4  1.4 with a maximum of 6.8 years. In 46 (38 (6.2%) non-carriers and 8 (5.6%)
carriers) of the 756 patients no follow-up data were available.
A total of 194 (25.7%) patients died during the follow-up
period at an average of 4.8% per year 167 (27.2%) in the noncarrier group and 27 (18.8%) in the carrier group. None of the
six patients homozygous for the deletion allele died during
follow-up. From the total number of deaths 83 (42.7%) were of
cardiovascular cause (72 (11.7%) in the non-carrier and 11
(7.7%) in the carrier group). In 44 patients the cause of death
was classified as due to malignancy, in 15 patients cause of
death was classified as due to respiratory causes, in 5 patients
cause of death was classified as trauma, and in 47 patients

death was due to other causes. These causes of death were
distributed equally between the two genotype groups.
In multivariate Cox regression analyses (adjusted for age
and sex), the hazard ratios of CCR5D32 carriers compared to
non-carriers were 0.62 (95% CI: 0.40–0.96, p = 0.03) for all-cause
mortality and 0.63 (95% CI: 0.33–1.19, p = 0.16) for cardiovascular mortality (Table 2). For mortality due to ischemic heart
disease (n = 31) alone, the adjusted hazard ratio was 0.29 (95%
CI: 0.07–1.21; p = 0.09). The adjusted hazard ratio for noncardiovascular mortality was 0.61 (95% CI: 0.34–1.10, p = 0.10).
Further adjustment for factors that were significantly different
at baseline between the two genotype groups (blood pressure,
HDL cholesterol and lipid lowering medication) did not alter
the results. In un additional multivariate model, adjustment
for factors that were not significantly different but had a more
than 10% difference between the two genotype groups at

Table 2 – Hazard ratios, 95%CI and p-values for all-cause and cardiovascular mortality by CCR5D32 genotype.

CCR5 +/+
CCR5 +/D and D/D

CCR5 +/+
CCR5 +/D and D/D

Crude overall mortality

p-value

Adjusted overall mortality

1
0.64 (0.41–0.98)

0.04

1
0.62 (0.40–0.96)

Crude cardiovascular mortality

p-value

Adjusted cardiovascular mortality

1
0.64 (0.34–1.21)

0.17

1
0.63 (0.33–1.19)

p-value
0.03

p-value
0.16

Non-carriers (CCR5 +/+) were used as reference in Cox regression analysis. In the crude model no further adjustments were made. In the
adjusted model, age and sex were included as potential confounders.
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Fig. 1 – Cumulative hazard (%) for all-cause mortality in DM
II patients stratified by presence of the CCR5D32 minor
allele. Non-carriers (SCCR5D32) show a higher ( p = 0.038)
hazard for mortality compared to carriers (+CCR5D32).

baseline (CVD, diabetic duration and anti-diabetic treatment)
did not materially affect the results (data not shown). Fig. 1
illustrates the survival model for all-cause mortality depending on CCR5D32 genotype.

4.

Discussion

In this longitudinal follow-up in type 2 diabetes patients the
presence of the CCR5D32, leading to CCR5 deficiency, was
associated with lower all-cause mortality. Hazard ratios for
cardiovascular and non-cardiovascular mortality and especially mortality due to ischemic heart disease were also lower
in carriers of the CCR5D32 variant but these differences did not
reach statistical significance. These data are the first to
demonstrate the association of CCR5D32 with mortality in
patients with diabetes type 2.
These data are in line with the impact of the CCR5D32 in
several other populations. Data in HIV infection, where CCR5
modulates virus entry, provided the first evidence for
pathophysiological impact of the CCR5 deficiency that is
conferred by CCR5D32 as carriers showed resistance against
HIV infection [5]. Causality was supported by a recent case
report on a patient with acute myeloid leukaemia and HIV
infection, who remained without viral rebound after transplantation with stem cells from a donor homozygous for
CCR5D32 [4]. Case-control studies in cardiovascular disease
demonstrated that CCR5D32 is associated with a reduced
incidence of myocardial infarction at younger age in men and
with protection against coronary heart disease [12,14]. In a
nested case-control study within the Nurses’ Health Study a
possible association was found between reduced incidence of
early onset coronary heart disease in women [13]. Indeed, in
animal studies, it has been suggested that CCR5 and its ligands
play a role in the pathogenesis and progression of vascular
disease [20–22]. From the function of CCR5 it would be logical
to assume that CCR5D32 modulates inflammatory responses.
In line with this assumption, CCR5D32 is associated with
protection against rheumatoid arthritis and with better
outcome in renal transplantation, a condition characterized
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by persistent inflammation [11,23]. Recently we demonstrated
gene-environment interaction between CCR5D32 and inflammatory status in two independent cohorts of dialysis patients,
where CCR5D32 abolishes the well-established association
between elevated CRP and mortality [15]. Taken together these
studies suggest that CCR5D32 modulates outcome in various
inflammatory-driven disease processes. Our current data
extend these findings to type 2 diabetes.
Our study was not designed to address the mechanisms
underlying the impact of CCR5D32 on mortality, but several
inferences can be made. Most likely a dysfunctional CCR5
could be related to lower over-all mortality by modulating
inflammatory responses. Interestingly, a Polish study reported
over expression of CCR5 on circulating blood mononuclear
cells in type 2 diabetic patients compared to healthy controls
[24]. In addition, high plasma levels of the CCR5 ligand CCL5
were associated with increased cardiac mortality [25]. Another
study by Boger et al. suggested that up regulation of CCR5
could lead to accelerated atherosclerosis in type 2 diabetes
mellitus patients on hemodialysis [26]. Also other CCR5
polymorphisms have been implicated in the development of
diabetic complications [27,28]. Together these findings support involvement of CCR5-mediated inflammatory processes
in the outcome of diabetes. Thus, the CCR5 deficiency
resulting from the CCR5D32 variant could explain why carriers
had a better survival in our study.
What could be the implications of our findings? First, they
could contribute to risk stratification. Moreover, they
support the rationale for pharmacological blockade of the
CCR5 as a preventive strategy. This idea is supported by
animal data showing that the CCR5 antagonist Met-RANTES
reduced progression of atherosclerosis in hypercholesterolemic mice and with reduced neo-intimal plaque area and
macrophage infiltration in apoE deficient mice [21,29].
Finally, treatment with TAK-799, a CCR5 chemokine receptor
antagonist, reduced lesion development in a collar-induced
carotid artery atherosclerosis model [30]. In humans,
pharmacological blockade of the CCR5 is also feasible, as
recently this strategy has been introduced for treatment of
HIV infection, but so far no experience is available in other
conditions [31].
Our study has several limitations. We excluded a number of
patients for which CCR5 genotype was not determined that
could potentially introduce a selection-bias. However, it is
highly unlikely that this sporadic technical failure would
distribute unequally among patients, as patient characteristics were similar in genotyped versus non-genotyped
subjects. Another limitation is that causes of death could
have been misdocumented and hereby may have biased the
result concerning cardiovascular and non-cardiovascular
mortality. However, this could not have influenced our main
outcome, i.e. all-cause mortality. The incidence of mortality in
our study population is comparable to that reported in
literature, suggesting that in terms of mortality, our study
population resembles a ordinarily type 2 diabetes population
[32]. Population stratification is a form of confounding that
may occur in genetic association studies when a distinct
population comprises subgroups with different genetic background. Unfortunately, data on ethnicity were not recorded.
However in the region of the Netherlands were the study was

144

diabetes research and clinical practice 86 (2009) 140–145

performed the vast majority of inhabitants is of Caucasian
origin. Besides this the genotype did not deviate from Hardy–
Weinberg equilibrium. So, this form of confounding is not
likely to play an important role. To overcome bias through
selection and population stratification replication of our
findings in an independent population would have been
helpful. Whereas this is a single center study, and no formal
replication is provided, our data are in line with those in other
populations, thus supporting its credibility.
In genetic association studies adjustment for other factors
than age and sex could potentially introduce interference in
the causal pathway and thereby bias through overadjustment
[33]. For this reason we reported unadjusted hazard ratios and
hazard ratios adjusted for age and sex in the manuscript. Even
adjustment for the factors that were at baseline significantly
different or showed a more than 10% difference between the
two genotype groups did not materially affect our conclusions.
Moreover, as CCR5D32 carriers survived longer despite higher
blood pressure it could be hypothesized that carriers are more
resistant to adverse events related to elevated blood pressure.
Similarly, less lipid lowering treatment in CCR5D32 carriers
apparently did not adversely affect their survival. Finally, we
only studied a single polymorphism. The observed effect does
not necessarily causally implicate this particular polymorphism, but could be due to another variant in linkage
disequilibrium with the studied deletion. This is a point that
deserves further investigation. However, our efforts as
reported in the present study were not toward in-depth
characterization of the gene locus, but rather to investigate
whether the reported impact in the literature of CCR5D32,
leading to CCR5 deficiency, was also present in a diabetic
population.
CCR5 deficiency due to the presence of the CCR5D32
genotype, is associated with improved survival in type 2
diabetes. These data are in line with previous data and support
the pathophysiological impact of the CCR5. They suggest that
pharmacological blockade of the CCR5, that has recently
become feasible in humans, could have the potential to
improve prognosis in type 2 diabetes.
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