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B Abstract

AIM: The aim of the study was to identify the prevalence of
diabetic retinopathy (DR) and diabetic cataract (DC) in type
1 and type 2 diabetic patients within the Russian Federation.
Also, the stage of DR at the time of its identification and the
proportion of new cases diagnosed with DR or DC were to
be determined. METHODS: A random sample of 7,186 adult
patients with diabetes was screened for DR and DC using
fundoscopy and fundus photography. Levels of HbAlc, total
cholesterol, triglycerides, creatinine and urinary albumin
excretion rate were assessed. RESULTS: In diabetic pa-
tients, the prevalence of DR and DC was 45.9% and 30.6%,
respectively. These complications appeared significantly
more frequently in patients with type 1 diabetes than in type
2 diabetes. The prevalence of background, preproliferative
and proliferative DR among diabetic patients was 28.1%,
8.1%, and 6.7%, respectively. Patients with DR were older,
had a longer duration of diabetes, higher HbAlc, elevated

plasma total cholesterol, increased triglicerides, and higher
systolic BP, compared with patients without DR. Microal-
buminuria and proteinuria were more prevalent among pa-
tients with DR compared with non-DR patients. CONCLU-
SIONS: The results showed that diabetic retinopathy and
cataract are wide-spread complications among diabetic pa-
tients in Russia. However, the disease course is more ag-
gressive and accelerated in patients with type 1 diabetes
than in those having type 2 diabetes. Therefore, it is impor-
tant to prevent DR by identifying diabetes and signs of reti-
nopathy at the earliest possible stage of progression for
timely and adequate retina laser coagulation or surgical
treatment, compensation of carbohydrate and lipid metabo-
lism, and normalization of blood glucose and pressure.

Keywords: type 1 diabetes -
nopathy diabetic cataract
coagulation - glaucoma -

type 2 diabetes - diabetic reti-
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Introduction

iabetic retinopathy (DR) is a specific vascu-
ar complication of diabetes resulting from
e retinal vessel damage caused by poor blood
glucose control, with subsequent changes to the
fundus of the eye. These changes can be in the
form of micro-aneurysms, hemorrhages, hard and
soft exudates, proliferation of newly-formed ves-
sels, retinal detachment, and the development of
secondary rubeotic glaucoma [1]. DR is one of the
most common and serious vascular complications
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in diabetes, and one of the leading causes of total
loss of sight [2]. The clinical signs of DR are classi-
fied into background, preproliferative, and prolif-
erative stages [3]. Modern classifications subdi-
vide DR into five stages of diabetic retinopathy:
non-proliferative (DR 1), preproliferative (DR I1),
proliferative (DR II11), partial or total retinal de-
tachment (DR 1V), diabetic retinopathy and sec-
ondary neovascular glaucoma (DR V). DR 1 is a
reversible stage characterized by blood vessel
changes in the ocular fundus such as microaneu-
rysms, hemorrhages, hard exudates, and maculo-
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Table 1. Clinical characteristics of type 1 and type 2 diabetic patients

Parameter Type 1 diabetes Type 2 diabetes
(n = 3,455) (n=3,731)

DR+ DR- p DR+ DR- p
n 1,886 1,569 1,276 2,455 <0.001
Gender (% male) 43.8 49.5 <0.001 29.0 31.0 <0.001
Age (yr) 38.0 [27.0; 49.0] 31.0 [21.0; 43.0] <0.001 59.0 [54.0; 66.0] 58.0 [52.0; 66.0] <0.001
Diabetes duration (yr) 17.0 [11.5; 23.0] 5.0 [3.0;9.0] <0.001 13.0 [8.0; 17.0] 5.0 [3.0; 10.0] <0.001
BMI (kg/m?) 23.8 [21.6; 26.6] 23.2 [21.1; 25.8] <0.001 29.8 [26.8; 33.3] 29.8[26.8; 33.3] <0.001
HbAlc (%) 9.2 [8.1;10.6] 8.6 [7.1;10.2] <0.001 9.3 [8.0; 10.6] 7.8[6.5;9.4] <0.001
Total cholesterol (mmol/1) 4.6 [4.0;5.4] 4.3 [3.7;4.9] <0.001 5.2 [4.3;6.0] 5.0[4.3;5.7] <0.001
Triglycerides (mmol/I) 1.1 [0.8; 1.7] 0.9 [0.8; 1.5] <0.001 19[1.3;2.7] 1.8[1.2; 2.6] <0.01
Serum creatinine (umol/1) 69.9 [57.0; 84.9] 66.0 [55.4; 77.1] <0.001 69.0 [57.0; 83.5] 68.0 [57.7; 79.5] NS
Systolic BP (mmHg) 130.0 [120; 150] 120.0 [110; 135] <0.001 160.0 [140; 172] 150.0 [132; 170] <0.001
Diastolic BP (mmHg) 80.0 [78.0; 90.0] 80.0 [70.0; 80.0] NS 90.0 [80.0; 100.0] 90.0[80.0; 100.0] NS
Microalbuminuria (%) 331 25.0 <0.001 426 34.1 <0.001
Proteinuria (%) 20.9 29 <0.001 17.0 53 <0.001

Legend: Data are median and quantiles, numbers, or percentages. DR: diabetic retinopathy. BMI: body mass index.

pathy. Poor glycemic control with frequent fluc-
tuations of hypo- and hyperglycemia, together
with arterial hypertension, results in the progres-
sion of DR | to more advanced stages.

International data show that 30-60% of dia-
betic patients have DR, with 3-10% of them in the
proliferative stage. In type 1 diabetic patients,
clinical symptoms of DR are found 5-7 years after
disease onset in 15-20% of cases. The symptoms
are present in 50-60% of cases after 10 years, and
in virtually all patients after 30 years. In type 2
diabetes, DR symptoms are registered in 15-30%
of cases at the same time as diabetes is diagnosed.
This high occurrence of DR symptoms directly on
diagnosis is because type 2 diabetes is generally
diagnosed later than type 1 diabetes, i.e. when the
damaging effect on blood vessels and nerves has
proceeded unnoticed for a long time. 50-70% of
type 2 diabetes cases show DR symptoms after 10
years, and 90% of these patients after 30 years [4,
5].

Another complication leading to loss of sight is
cataract. It is characterized by an opacification of
the translucent media of the lens that progresses
rapidly in diabetic patients. Also, it leads to a
sharp diminution in sight, constituting 50% of all
blindness in the world. Approximately 20% of pa-
tients who have had operative treatment for cata-
ract have diabetes [6].

The aims of this study were firstly to determine
the actual prevalence of diabetic retinopathy, and
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its stage at the time of identification; secondly, to
determine the incidence of cataract in diabetic pa-
tients, and thirdly to determine the proportion of
new DR and DC cases.

Materials and methods

We examined a random sample of patients with
type 1 and type 2 diabetes from 20 regions of the
Russian Federation. The patient sample set was
selected with the use of random number drawings
from the regional centers’ diabetes database. All
patients had been diagnosed with diabetes (type 1
or 2). Diabetes classification was based on plasma
glucose results, using the 1999 World Health Or-
ganization diabetes classification. Diabetes was
diagnosed on the basis of fasting plasma glucose (>
7.0 mmol/l), 2-h plasma glucose (= 11 mmol/l), or
current treatment with insulin or oral hypoglyce-
mic medication. The total number of the patients
examined was 7,186, all with diabetes. Among
these patients were 2,683 men and 4,503 women;
3,455 had type 1 and 3,731 type 2 diabetes.

Ophthalmologic examination included lens
biomicroscopy and vitreous body assessment by
the slit lamp SL-930 (C.S.0O., Italy). The Beta 200
(Heine, Germany) ophthalmoscope was used to
perfrom direct and indirect ophthalmoscopy. Fun-
dus photo examination was performed using the
fundus-camera Genesis (KOWA, Japan). The in-
ternational classification of DR was used to diag-
nose DR [7].
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Figure 1. Prevalence of diabetic retinopathy according to diabe-

tes type and duration

The urinary albumin excretion (UAE) rate was
measured by the laboratory analyzer NycoCard
Reader Il (Axis-Shield, Norway) in the absence of
any urinary tract infection symptoms. The test
was considered to be positive if urinary albumin
concentration exceeded 20 mg/l (for microalbu-
minuria) and above 200 mg/l (for proteinuria) in
three urine samples. The examination of the car-
diovascular system included the determination of
blood pressure (BP) levels by the Korotkov
method. Hypertension was defined when a systolic
BP > 140 mmHg or a diastolic BP > 90 mmHg was
measured 3 times in a 5 min interval, or when the
patient was taking antihypertensive drugs.

Plasma total cholesterol (reference range 3.3-
5.2 mmol/l), triglycerides (reference range 0.1-2.2
mmol/l), and serum creatinine (reference range
62.0-106.0 umol/l) were measured using an ana-
lyzer (Reflotron Plus, Roche Company, Switzer-
land). HbAlc was measured by analyzer DS5 Gly-
comat (Drew Scientific, United Kingdom), and a
reference range of 4-6% was applied.

Statistical analyses were carried out using the
STATISTICA application program package
(StatSoft Inc., USA). Differences between groups
were tested by the chi-squared test and Mann-
Whitney U test. Correlations were analyzed using
Spearman’s test. Results were considered signifi-
cant if p < 0.05. Results are presented as median
and quantiles [25%; 75%)].
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Results

Prevalence of diabetic retinopathy

The overall prevalence of DR among
diabetic patients was 45.9%. The preva-
lence of DR was significantly higher in
type 1 than in type 2 diabetes (54.6% ver-
sus 34.2%, p < 0.0001). Female type 1
diabetes patients were significantly more
affected by DR than male (56.2% vs.
50.5%, p < 0.001, Table 1).

At a disease duration of 5 years or
less, 5.8% of type 1 and 12.5% of type 2
diabetic patients had DR (p < 0.0001). At
a duration of 10-14 years, the prevalence
of DR was 72.2% among type 1 diabetes
patients. The prevalence increased to
87.8% in cases where the disease contin-
ued for 15 years or more (Figure 1). A
similar trend was seen for type 2 diabe-
tes: 50.9% of patients with a disease du-
ration of 10-14 years had DR, while the
prevalence increased to 64.1% after a dia-

betes duration of 15 years or more. Blindness be-
cause of DR was significantly higher in type 1
than in type 2 diabetes (2.5% and 0.3%, respec-
tively; p <0.001, Figure 2).

The mean HbAlc level in type 1 diabetes pa-
tients with DR was 9.2 = 0.1% compared with 8.2
+ 0.1% in patients without DR. Patients with DR
were older, had longer disease duration, higher
HbAlc, elevated total cholesterol, increased tri-
glycerides, and higher systolic BP, compared with
patients without DR. The prevalence of microal-
buminuria and proteinuria among patients with
DR was significantly higher than among patients
without DR (Table 1). 88.6% of patients with DR
had poor glycemic control (HbAlc > 7.0%).

We performed a regression analysis and found
that, in type 1 diabetes patients, diabetic retinopa-
thy showed significant correlations with duration
of diabetes (r = 0.66, p < 0.0001), HbA1c level (r =
0.15, p < 0.0001), systolic BP (r = 0.27, p < 0.0001),
and UAE (r = 0.37, p < 0.0001). In type 2 diabetes
patients, the correlation of clinical parameters
with DR was also significant: DR vs. duration of
diabetes: r = 0.43, p < 0.0001; DR vs. HbAlc; r =
0.30, p < 0.0001; DR vs. systolic BP: r =0.11, p <
0.0001; DR vs. UAE: r = 0.23, p < 0.0001. The dif-
ference between the two correlation coefficients (r)
in the type 1 and type 2 diabetes patient groups
was statistically significant for all parameters (p <
0.0001).
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Figure 2. Prevalence of stages of diabetic retinopathy in diabetes

patients by diabetes type. * p < 0.001.

The proportion of new DR cases identified by
screening for diabetes was 65%. This was higher
for type 2 than for type 1 diabetes (74.4% and
55.4% respectively, p = 0.04).

Stages of diabetic retinopathy

Background DR occurred in 28.1% of all diabe-
tes patients. There was a statistically significant
difference between background DR prevalence in
patients with type 1 and type 2 diabetes (31.6%
versus 24.7%; p < 0.001, Figure 2). With a disease
duration of 5 years or less, background DR occured
in 4.2% of type 1 and 9.1% of type 2 diabetic pa-
tients. With a disease duration of 15 years or
more, background DR occurred in 43.0% of type 1
and 44.2% of type 2 diabetes (Table 2). DR levels
were significantly higher among women than men
(30.1% vs. 27.7%, respectively; p < 0.001).

Preproliferative DR was seen in 8.1% of dia-
betic patients. It was significantly higher among
type 1 diabetes than in type 2 diabetes patients
(9.1% vs. 7.2%, respectively, p < 0.001, Figure 2).
In patients with 5 years or less disease duration,
the prevalence of preproliferative DR was 0.8% in
type 1 and 2.4% in type 2 diabetes. The prevalence
increased with duration of diabetes. In type 1 and
type 2 diabetic patients with a disease duration of
15 years or more, preproliferative DR was seen in
17.2% and 14.2% of patients, respectively. Gener-
ally, the prevalence of preproliferative DR was
higher in males than in women (type 1 diabetes:
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* B Type 1 diabetes
W Type 2 diabetes

10.9% vs. 7.5%, p < 0.0001; type 2 dia-
betes: 7.5% vs. 7.0%, p < 0.0001, Table
2).

Proliferative DR was observed in
6.7% of the adult diabetic patients and
was significantly higher in type 1 than
type 2 diabetes (11.1% to 2.7%, p <
0.001, Figure 2). In the first 5 years
after diabetes onset, the prevalence of
proliferative DR was 0.8% for both
type 1 and type 2 diabetes. However,
as disease duration increased, the pro-
portion of sufferers with irreversible
DR stages rose above average. For pa-
tients with a disease duration of 15
years or more, proliferative DR was
seen in 24.5% of type 1 and 6.5% of
type 2 diabetes patients (Table 2). Pro-
liferative DR was significantly higher
in women than in males: 12.4% vs.
9.5% (p < 0.001) for type 1 diabetes
and 2.8% vs. 2.7% (p < 0.001) for type 2
diabetes.

Prevalence of diabetic cataract

The overall prevalence of diabetic cataract (DC)
among adult diabetes patients was 30.6%. It was
significantly higher for type 1 than for type 2 dia-
betes (32.6% and 29.2%, respectively; p < 0.001,
Figure 3), and directly correlated with the dura-
tion of diabetes. For type 1 diabetes with a dura-
tion of less than 5 years, 6-9 years, 10-14 years
and more than 15 years, DC was found in 8.9%,
13.2%, 28.2% and 51.5% of patients, respectively.
In type 2 diabetes patients with less than 5 years
duration, 23.6% of patients had DC (Figure 3). In
patients who suffered from type 2 diabetes for 15

Table 2. Proportion of patients with diabetic retino-
pathy by diabetes duration and complication stage

DR stage Diabetes duration (yr)
<5 6-9 10-14 215
Type 1 diabetes
Background DR 4.2 26.1 48.4 43.0
Preproliferative DR 0.8 3.2 14.9 17.2
Proliferative DR 0.8 0.9 8.1 24.5
Type 2 diabetes
Background DR 9.1 20.2 30.3 44.2
Preproliferative DR 2.4 5.5 9.1 14.2
Proliferative DR 0.8 1.2 3.2 6.5

Legend: DR: diabetic retinopathy.
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years or more, the prevalence of DC was 39.8%.
DC was observed in 30.9% of women and 27.5% of
males with type 2 diabetes (p < 0.001). In type 1
diabetes, the prevalence of DC was 1.4 times
greater in women than in men (34.8% and 24.7%,
respectively; p < 0.01).
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Figure 3. Prevalence of diabetic cataract according to dia-
betes type and duration.

Discussion

The prevalence of DR was significantly higher
in type 1 than in type 2 diabetes (54.6% vs. 34.2%,
p < 0.0001). Proliferative DR was higher in type 1
diabetes, while initial stage DR was higher in type
2 diabetes. The prevalence rate of DC among dia-
betic patients was 30.6%, with a significantly
higher rate in type 1 than in type 2 diabetes.

The data emerging from our study are partly
different to those from similar studies, conducted
in other countries, examining epidemiological
data. The overall prevalence of DR among diabetic
patients was 33.2% in the USA, 34.5% in Japan,
16.1% in Germany, 33.6% in the UK, 17.4% in
Slovakia, and 22.4% in the Ukraine [8-12]. The
prevalence of DR in type 1 diabetes was lower in
Russia than in the USA and Sweden, but higher
than in Italy and New Zealand [13-16]. For type 2
diabetes, the prevalence of DR in our study was

higher than that observed for the USA, France
and Australia [17-19].

5.8% of type 1 and 12.5% of type 2 diabetes pa-
tients with a disease duration of 5 years or less
had DR. These observations largely corresponded
to data obtained in Sri-Lanka and Sweden [20,

21]. Also consistent with other reports, we
found an increase in the prevalence of DR in
patients with longer disease duration [22].

In the present study, we found significant
differences in the duration of diabetes,
HbAlc level, and systolic BP between the
groups of patients with and without DR. In
this regard, several studies have reported a
statistically significant association between
retinopathy and nephropathy in diabetes
[23, 24]. Poor glycemic control and elevated
blood pressure have been shown to be risk
factors for the development of diabetic com-
plications [25]. In our study, DR strongly
correlated with higher UAE, increased
HbAlc, and elevated systolic BP. In sum-
mary, this study showed that the prevalence
of DR and risk factors associated with DR
are similar to those found in other studies.

A more aggressive management of glyce-
mia and hypertension could reduce the de-
velopment and progression of microvascular
complications in diabetes. The data from
many studies suggest that controlling risk

factors can help to prevent DR. Firstly, DR should
be identified at an early stage to allow timely and
adequate laser coagulation of the retina or surgi-
cal treatment (e.g., cataract extraction, vitrec-
tomy). Secondly, the carbohydrate and lipid me-
tabolism should be controlled, and finally blood
glucose and BP should be normalized [26, 27].

This is one of the first population-based studies
of diabetic retinopathy in the Russian Federation.
The patients were randomly selected using the re-
gional centers’ diabetes databases. The type of
diabetes was determined based on medical records
from diabetes databases. However, C-peptide lev-
els, as marker of g-cell destruction, as well as data
on socio-economic, ethnic or smoking status were
not recorded. These data may be included in sub-
sequent population-based studies to enrich the
analysis of risk factors for diabetic complications.

Conflict of interest statement: The authors declare
that they have no competing conflict of interests.
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