
Abstract Evidence exists that some clinical, metabolic
and genetic risk factors are associated with the develop-
ment of diabetic retinopathy (DR). The aim of the study
was: (1) to define the prevalence of DR in the examined
group of 267 patients with type 2 diabetes mellitus
(T2DM) from a Polish population; (2) to identify in cross-
sectional analysis, the clinical features associated with DR
in the study group; and (3) to search for the association of
4 markers of vitamin D receptor (VDR), a candidate gene
for vascular complications in diabetes, with DR. The
examined group consisted of 146 female and 121 male
T2DM patients (mean age at examination: 61.3±9.4 years;
age at T2DM diagnosis: 50.0±9.2; T2DM duration:
11.3±7.8 years; body mass index (BMI): 30.5±5.5 kg/m2;
HbA1c: 7.8±1.5%). In all patients, the clinical and meta-
bolic profile was determined. Diagnosis of DR was deter-
mined by a trained ophthalmologist by ophthalmoscopy
after pupillary dilatation. Colour photographic documen-
tation was made. The examined T2DM patients were

genotyped for FokI, ApaI, BsmI and TaqI frequent VDR
polymorphisms based on the restriction fragment length
polymorphism method. The statistical analysis was per-
formed using univariate and multivariate logistic regres-
sion (SAS) and haplotype analysis (Haplostat). DR was
detected in 85 (31.8%) patients with T2DM. The multi-
variate analysis revealed that significant predictors of this
complication were: never-smoking status (odds ratio 2.2,
95% confidence interval 1.2–4), urea serum level (1.3,
1.1–1.5), HbA1c level (1.4, 1.1–1.8) and insulin treatment
(2.7, 1.4–5.1). Other features such as age of T2DM diag-
nosis, T2DM duration prior to ophthalmic exam, obesity
(BMI>30), serum creatinine level, albumin/creatinine
ratio and arterial hypertension were univariate predictors
of DR, however they lost significance as independent pre-
dictors in multivariate analysis. Similarly, the alleles,
genotypes, haplotype and haplotype combination of VDR
were not associated with the examined complication.
However, there was a suggestion of a possible slight asso-
ciation between the fbaT haplotype and DR (p=0.11). In
conclusion, our study showed that DR in T2DM patients
remains a frequent complication in Polish T2DM patients.
We were able to confirm the role of some clinical risk fac-
tors, surprisingly including not-smoking status, as was
previously shown in the UK Prospective Diabetes Study
(UKPDS). VDR gene polymorphisms did not constitute a
risk factor for this size of study group.
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Introduction

One of the most important contemporary medical prob-
lems is an epidemic of type 2 diabetes mellitus (T2DM).
It is estimated that the number of people with diabetes
worldwide exceeds 200 million, most of them being
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patients with T2DM [1, 2]. In the societies of the industri-
alised world, the prevalence of this disease has reached a
few percent of entire populations and is still growing [1,
2]. For many decades T2DM, earlier called non-insulin-
dependent diabetes, has been regarded as a less dangerous
type of disease by both patients and their doctors.
Scientists, physicians, patients and entire societies must
now realise that T2DM is a leading cause of premature
death, mainly from cardiovascular causes and occurrence
of complications [3]. Diabetic eye disease, first of all
retinopathy, remains a major cause of blindness in the
world [4].

A few clinical risk factors of retinopathy in T2DM
have been defined so far in some populations. For exam-
ple, in the milestone UK Prospective Diabetes Study
(UKPDS) project, the development of diabetic retinopa-
thy (DR) in T2DM patients was associated with baseline
glycaemia, glycaemic exposure over several years, higher
blood pressure and not smoking [5]. In other studies, some
of those clinical and metabolic risk factors were con-
firmed [6, 7]. In addition, T2DM complications, such as
DR, seem to be also influenced by genetic factors [8, 9].
A number of loci have been studied so far in order to
explain the genetic susceptibility to this complication. An
example is genes associated with endothelial physiology,
vasoconstriction, coagulation, oxidative processes and
growth factors [10–12]. Some of those studies produced
promising results, but few have been replicated in other
populations. One should also mention aldose reductase, a
gene from the polyol pathway, associated with DR in
T2DM in several studies [13, 14]. Among interesting can-
didates are genes associated with vitamin D metabolism.
Vitamin D not only affects calcium metabolism, but also
has anti-proliferative and anti-angiogenic effect. It also
regulates the apoptosis process [15, 16]. The active form
of this steroid acts through a specific vitamin D receptor
(VDR) [17]. This protein is widely expressed in human
tissues and organs, including retina [18, 19]. Thus, a
hypothesis that variants in the VDR gene may influence
susceptibility to DR seems justified. Moreover, two poly-
morphisms of VDR have been associated with DR in type
1 diabetes in a French population [20, 21].

The aim of the study was: (1) to define the prevalence of
DR in a group of patients with T2DM from a Polish popu-
lation; (2) to identify, in a cross-sectional study, the clinical
features associated with this complication; and (3) to search
for the association of 4 markers of the VDR gene with DR.

Subjects and methods

We recently reported the results of a T2DM association study
with four polymorphisms of the VDR gene that included 308
T2DM patients from a Polish population [22]. All of those
patients were contacted and invited for an eye examination. We

included in this project 267 unrelated T2DM individuals who
agreed to an ophthalmological evaluation. All study individuals
were Caucasians and residents of South-Eastern Poland. During
the ascertainment, as previously described [22, 23], the current
WHO definitions and criteria were used. Briefly, the patients
received a standard questionnaire that contained questions
regarding the age of T2DM diagnosis, family history, the treat-
ment method, smoking status and other medical issues. Only
patients with clinical diagnosis of T2DM and no insulin therapy
for at least two years soon after diagnosis were recruited. The
study individuals underwent a basic physical examination,
which included measurements of height, weight and blood pres-
sure. The individual was classified as having arterial hyperten-
sion if he/she met one of the following criteria: (1) a diagnosis
of hypertension in previous medical history; (2) antihypertensive
treatment prior to the entry of the study; and (3) systolic or dias-
tolic blood pressure ≥140 mmHg or ≥90 mmHg, respectively,
during the examination at the study entry. A history of coronary
artery disease was established using past medical history and
examination of previous and current ECGs. HbA1c was meas-
ured by HLPC method (Biorad). Concentrations of cholesterol
and triglycerides were measured using enzymatic methods, with
HDL cholesterol measured after precipitation of VLDL. The
concentration of LDL cholesterol was calculated using the
Friedewald formula. Urea serum levels were also determined
using the urease method. DNA for genetic analysis was isolated
using the standard method (DNAzol, GIBCO). This study was
performed according to the Helsinki Declaration and it was
accepted by the Ethical Committee of the Jagiellonian
University, Medical College. All patients signed informed con-
sent forms.

The presence of retinopathy was determined by a trained
ophthalmologist by ophthalmoscopy after pupillary dilatation
using 0.5% Tropicamid. The colour photographic documentation
was made by a photo camera (Retinal Camera GENESIS); the
same procedure as previously described for the EURODIAB
study was used [24]. Briefly, two photographs of each eye were
taken for every patient. In some cases, an additional picture was
made. The final diagnosis regarding the presence of retinopathy
was based on both ophthalmoscopy and photographic documen-
tation. The eye evaluation and the analysis of the photographs
for the entire group were performed by the same ophthalmolo-
gist. Based on this examination, the patients were assigned to
one of two groups: (a) no evidence of DR; or (b) presence of DR
of any stage.

The study group was genotyped for four VDR sequence dif-
ferences located in exon 2, intron 8 (two) and exon 9 that can be
detected using specific restriction enzyme FokI, BsmI, ApaI and
TaqI, respectively. The details of the genotyping procedure have
been described previously [22]. Three locus haplotypes formed
by BsmI, ApaI and TaqI polymorphisms and carried by each
study individual were inferred by the Haplostat program.

Data on quantitative characteristics are expressed as
means±SD. Data on qualitative characteristics are expressed as
percent values or absolute numbers as indicated. Comparisons
between groups were made with the χ2 test (nominal data) or
Student’s t-test (interval data). A value of p<0.05 was considered
statistically significant. Hardy–Weinberg equilibrium was tested
by the χ2 method. Univariate and multivariable logistic regres-
sion for the association with DR was performed using the SAS
program. We used a two-stage strategy to build a multivariable
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regression model. The number of clinical and genetic variables
available for analysis was too high, compared with the number
of the patients with DR, to build a stable model. Therefore, we
used an initial univariate screen of association of variables with
retinopathy. Variables that were associated with retinopathy at p
value <0.25 were entered into a multivariable model and then
standard computer-assisted selection methods were used.
Forward, backward and stepwise selection methods led to the
same final multivariable model described below.

Results

Overall, we included 267 T2DM patients in the study
(female:male 146:121). The mean age at examination was
61.2±12.4 years, age at T2DM diagnosis 50.0±9.2 years,
T2DM duration 11.6±7.8 years, body mass index (BMI)
30.5±5.5 kg/m2 and HbA1c 7.8±1.5%. DR of different
stages was detected in 85 (31.8%) patients with T2DM;
only 11 (4.1%) were diagnosed with proliferative
retinopathy. A relatively high percentage of T2DM
patients were on insulin (54.3%), which should be attrib-
uted to long disease duration in the study group.
Comparison of the clinical parameters between the groups
with and without DR is shown in Table 1. T2DM with
retinopathy differed from those without DR regarding
some examined features. They were diagnosed with
T2DM at earlier age, had longer duration of T2DM and
had higher HbA1c. In addition, they were more frequent-
ly on insulin therapy and diagnosed with arterial hyper-
tension (Table 1).

The distribution of genotypes of the examined VDR
gene polymorphisms is shown in Table 2. Genotypes of

each VDR marker were in Hardy–Weinberg equilibrium
in each group separately, and in the total cohort of 267
T2DM patients. No difference in the distribution of either
VDR genotypes or alleles was seen between patients with
and without DR. Similarly, no positive finding was
recorded for haplotypes and their combinations created by
three markers being in linkage disequilibrium (BsmI,
ApaI and TaqI) (data not shown).

In order to identify clinical and gene risk factor inter-
actions for DR, the multivariate analysis revealed that sig-
nificant predictors of this microvascular complication
were: never-smoking status (odds ratio 2.2, 95% confi-
dence interval 1.2–4), urea serum level (1.3, 1.1–1.5),
HbA1c level (1.4, 1.1–1.8) and insulin treatment (2.7,
1.4–5.1). The other features such as age of T2DM diagno-
sis, T2DM duration prior to ophthalmic exam, obesity
(BMI>30), serum creatinine level, albumin/creatinine
ratio and arterial hypertension were univariate predictors
of DR, however they lost significance as independent pre-
dictors in multivariate analysis. Similarly, the alleles,
genotypes, haplotype and haplotype combination of VDR
were not associated with the examined complication.
However, there was a suggestion of a possible slight asso-
ciation between fbaT haplotype and DR (p=0.11).

Lack of association between the genetic markers and
DR could be attributed to heterogeneity in the duration of
diabetes, so that control subjects with short duration of
diabetes could in the future switch into the retinopathy
group after sufficient observation time. To remedy this
possible heterogeneity, we performed a stratified analysis
comparing susceptible vs. resistant phenotype. In order to
do that, we compared all the patients with any degree of
retinopathy (85 diabetic individuals) to those with no reti-
nal changes in spite of disease duration above the median

Table 1 Clinical characteristic of the patients with and without retinopathy

Clinical parameters Patients

Without retinopathy, n=182 With retinopathy, n=85

Gender (female/male) 97/85 49/36*
Age of T2DM diagnosis (years)a 51.3 (±9.0) 47.0 (±9.0)*
T2DM duration (years)a 9.7 (±7.2) 14.6 (±6.2)*
BMI (kg/m2)a 30.2 (±5.6) 31.3 (±5.3)*
HbA1c (%)a 7.5 (±1.3) 8.4 (±1.6)*
Total cholesterol (mmol/l)a 5.49 (±1) 5.22 (±1.1)*
Urea serum level (mmol/ml)a 6.0 (±1.6) 8.1 (±4.2)*
Insulin therapy (%) 44.2% 76.2*
Hypertension (%) 83.2 93.9*
Coronary artery disease (%) 37.5 45.7*
Never smoking (%) 45.7 63.3*

The high proportion of insulin-treated (either alone or in combination with oral medications) T2DM patients is related to the relatively
long mean duration of disease
aData are as mean±SD
*p<0.05 for comparison of T2DM patients with and without DR
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(8 years) for the sub-group without retinopathy (93 indi-
viduals). In this additional multivariate analysis, we found
that significant predictors of DR were HbA1c (odds ratio
1.3, 95% confidence interval 1.1–1.7) and BMI (1.1,
1.0–1.2). No evidence for the association was found for
other examined variables, including the alleles, genotypes
and haplotypes of the VDR gene.

Discussion

We report here the prevalence of DR in a group of 267
people with T2DM from a Polish population. DR of dif-
ferent stages was detected in 85 (31.8%) patients from the
study group. It should be emphasised that the average
duration of the disease for the subjects included in our
study was more than 11 years. This suggests that the
prevalence of DR in Polish T2DM patients is currently
lower than that reported from the British population of the
UKPDS. In the group of 1919 patients described by
Stratton et al., already at T2DM diagnosis 37% showed
evidence of DR and over the next 6 years 22% of those
initially free of disease developed the retinal complication
[5]. The difference between this and the British study with
respect to the prevalence of DR could probably be
explained by the stricter criteria of diabetes and more
aggressive treatment that followed two milestone trials in
the field of type 1 and type 2 diabetes: DCCT and
UKPDS, respectively [25, 26]. On the other hand, in the
study from the Polish population published in 1990, the
prevalence of DR was similar to our data [27]. A possible
limitation of our project is possible selection bias, as the
response from the patients with severe DR could have

been lower than from those free of the examined compli-
cation or with earlier stage of its development.

In general, this study confirmed the importance of pre-
viously reported clinical risk factors. As expected, the DR
diagnosis was associated with the measure of metabolic
compensation, which in our study was HbA1c level. The
presence of serum urea level among the risk factors for
DR in our study probably reflects the previously described
frequent co-existence of two microvascular complica-
tions: diabetic nephropathy and retinopathy [28]. The
association of insulin therapy with the examined compli-
cation most likely reflects the fact that this treatment is
sometimes introduced after the occurrence of microvascu-
lar complications in diabetic subjects and that insulin ther-
apy is commonly reserved for the most severely affected
patients. The most unexpected finding of our study is the
presence of non-smoking status among the list of risk fac-
tors for DR. This finding, however, is in agreement with
previously reported UKPDS data [5]. The potential expla-
nations of the possible association of DR with non-smok-
ing status were widely discussed in Stratton et al.’s paper
[5]. This list includes lower blood pressure among smok-
ers and pharmacological effect of nicotine or other com-
pounds present in tobacco smoke as well as anti-angio-
genic properties of tobacco smoke. The potential bias due
to lower response rate of smokers in the scientific studies
should also be considered, however taking into account
the magnitude of the identified association with never-
smoking status, this seems to be an unlikely explanation.
No matter what the true explanation is, doctors around the
world should strongly advise diabetic patients against
smoking due to very well documented deleterious effects
regarding macrovascular complications and lung diseases
[29, 30]. Unlike UKPDS, we did not identify arterial

Table 2 VDR genotypes in patients with and without DR

VDR genotype T2DM patients with DR (n=85) T2DM patients without DR (n=182) p value for the additive model

Marker FokI
F/F (25%) (27.8%) 0.47
F/f (50%) (51.1%)
f/f (25%) (21.1%)

Marker BsmI
B/B (11.9%) (11.6%) 0.79
B/b (42.9%) (45.9%)
b/b (45.2%) (42.5%)

Marker ApaI
A/A (20.5%) (21.6%) 0.23
A/a (45.8%) (54.7%)
a/a (33.7%) (23.8%)

Marker TaqI
T/T (46.4%) (44.8%) 0.66
T/t (45.2%) (44.8%)
t/t (8.3%) (10.5%)
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hypertension as a risk factor for DR in multivariate analy-
sis. As a majority of patients in both the DR and non-DR
groups had arterial hypertension, the statistical multivari-
ate models that include hypertension could not reach con-
vergence. Additionally, in our study, this feature was not
used as a continuous variable. Finally, it should be empha-
sised that our project was a smaller analysis than the
prospective, multicentre UKPDS and it was designed as a
cross-sectional study.

Additionally, the genetic part of our results should be
discussed. Contrary to both French studies, we did not find
any association with the examined VDR variants [20, 21].
We included in our project TaqI and FokI markers that were
found to be associated with DR in type 1 diabetes patients
from the French population. There are a few possible rea-
sons for the discrepancy between our study and those previ-
ously published projects. First, this may be associated with
the distinct genetic background of type 1 and type 2 dia-
betes, or different genetic susceptibility to DR in the French
and Polish populations. Second, our study may be lacking
power to detect the putative association. Third, the French
researchers included only cases of severe DR in their analy-
sis. Finally, our study may be limited by the fact that no min-
imal diabetes duration was used as a formal criterion for
inclusion in the study. On the other hand, the fact that a sub-
stantial portion of T2DM subjects has retinopathy at presen-
tation suggests that there is considerable time between onset
of the disease and its clinical presentation [29].

Our study should be perhaps criticised for not using
‘gold standard’ 7-field 30° stereo photography, as defined
by the Early Treatment Diabetic Retinopathy Study [30].
In the current study, however, we employed exactly the
same methodology as used earlier in the EURODIAB
IDDM complications study. It was previously reported
that this system compared well with the standard proce-
dure and was acceptably accurate, repeatable and relative-
ly simple to apply [24]. The Department of Metabolic
Diseases in Krakow was one of the centres participating in
EURODIAB [31] and the medical team that carried out
the photographic documentation for our current project
participated in that previous study.

In conclusion, our study showed that DR in T2DM
patients remains a frequent complication in Polish
patients. We were able to confirm the role of some clini-
cal risk factors, surprisingly including not-smoking status,
as was previously shown in the UKPDS study. VDR gene
polymorphisms did not constitute a risk factor at this size
of study group.
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