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Abstract
Purpose Despite progress in type 1 diabetes (T1DM) therapy, diabetic retinopathy (DR) is still a common complication. We
analysed predictors and prevalence of DR in patients with T1DM lasting 10 years or more. All of the patients were
considered to be currently in excellent glycemic control and treated using modern therapies.
Methods Study included 384 (80.7% women) T1DM patients participating in the Program of Comprehensive Outpatient
Specialist Care at the University Hospital in Krakow between the years 2014 and 2020. A retrospective analysis of medical
records was conducted.
Results The patients were on average 34 ± 9.2 years old, had a BMI 25.0 ± 3.9 and a T1DM duration of 20.5 ± 7.9 years.
The mean level of HbA1c throughout the follow-up (mean duration 4.9 ± 1.4 years) was 6.9 ± 1%. The group included 238
(62.0%) patients treated with insulin pumps and 99 (25.8%) on multiple daily injections, 47 (12.2%) used both methods;
almost all patients were on insulin analogues. DR was confirmed in 150 (39.1%) patients, from which 109 (28.4%) were
diagnosed de novo. Severe DR was occurred in just 31 cases (8.1%). In the multivariate logistic regression, independent risk
factors for the presence of DR were T1DM duration (OR 1.13; 95% CI, 1.09–1.19), HbA1c level (OR 1.41; 95% CI,
1.08–1.84), LDL level (OR 1.79; 95% CI, 1.16–2.87), and the combined presence of non-DR micro- and macrovascular
chronic complications (OR 1.86; 95% CI, 1.16–3.03).
Conclusions In this highly-selected group of T1DM patients, mostly female, the prevalence of both DR at any stage and
severe DR was lower than earlier reported results from other cohorts. Independent risk factors for the DR cohort did not
differ from previously reported studies.

Keywords Diabetic retinopathy ● Type 1 diabetes ● Risk factors

Introduction

Diabetic retinopathy (DR) is a common chronic complica-
tion of type 1 diabetes (T1DM). It remains an important
cause of vision loss and preventable blindness in adults,
particularly in middle and high-income countries [1]. DR is
responsible for 2.6% of global blindness [2]. In addition,
other eye diseases, like glaucoma and cataracts, are more
common and develop earlier in people with diabetes [3, 4].
Interestingly, it was recently reported, that the presence and
degree of DR was an independent predictor of subclinical
cardiovascular disease (CVD) [5–7]. A meta-analysis of
35 studies conducted world-wide in 1980–2008 estimated
the overall prevalence of DR at any stage at 34.6% in a
large population with a mean disease duration <8 years [8].
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Moreover, the same analysis showed that people with
T1DM had a three times higher risk of DR compared to
people with type 2 diabetes (T2DM) (77.3% vs 25.2%) [8].
Data referring to the prevalence of DR among T1DM
patients from different countries usually aggregate patients
without being broken down into different treatment groups
or diabetes duration [9–13]. This data is largely based on a
retrospective analysis conducted in the previous decades
[14, 15]. Several risk factors of DR are well-established, for
example, diabetes duration, glycemic exposure, arterial
hypertension and dyslipidemia [8, 16–20]. Research con-
firms the influence of puberty, pregnancy and diabetic
kidney disease (DKD) on the occurrence and progression of
DR [21–23].

Large randomised controlled studies (RCTs) showed a
delay in the onset and progression of DR as well as
retaining vision after the intensification of hypoglycemic
treatment [24, 25]. The effect of better glycemic control
lasts up to 18 years, as shown in the EDIC project [26].
RCTs also found that continuous subcutaneous insulin
infusion (CSII) with insulin pump had a beneficial effect on
glycemic control in adults with T1DM, compared to mul-
tiple daily injections (MDI), which may possibly result in
the risk reduction of chronic complications [27]. In addition,
the new methods of intensive monitoring, such as con-
tinuous glucose monitoring (CGM), have advantages over
the self-monitoring of blood glucose (SMBG), and are
associated with a substantial improvement of glycaemic
control independently from the use of either CSII or MDI
[27, 28].

There is a need to analyse the prevalence of DR at var-
ious stages in consecutive generations of T1DM patients,
and to assess possible effect of use of new insulins and
diabetes technologies, such as personal pumps and glucose
monitoring tools. This type of research helps to define the
impact of innovative therapeutic methods on DR develop-
ment, identify people at high risk of this complication, plan
preventive programs and estimate health care costs. While
some published reports suggest that the recent progress in
T1DM therapy and monitoring reduced the risk of micro-
vascular complications, including DR [29], further evidence
is needed to document this beneficial effect.

We aimed to retrospectively analyse the DR frequency
and its predictors in T1DM lasting 10 years or more and in
patients characterised to be currently in excellent glycemic
control and treated with modern therapeutic methods over
the observation period.

Subjects and methods

A retrospective, real-world data (RWD) study of patients
with T1DM participating in the Polish National Health

Fund Programme of Comprehensive Outpatient Specia-
list Care (Polish acronym KAOS) at the University
Hospital in Krakow, an academic referral centre for
diabetes in southeastern Poland with a tertiary level of
reference was performed. KAOS is dedicated mainly to
T1DM patients, and requires regular DR screening,
along with clinical consultations as well as laboratory
tests done in pre-specified time frames to warrant
financing the cost of each individual patient. Every
patient has to be consulted by an ophthalmologist and
neurologist at least once a year. Visits to the diabetolo-
gist take place regularly every three months, except for
the period of pregnancy; in these cases the visits are
scheduled for every month.

Each visit included checking the patient’s weight, blood
pressure and collecting data on the daily insulin require-
ment. We included patients who remained under the care of
the diabetic clinic for at least one full year between
2014–2020, and had a diagnosis of T1DM with at least a 10
year history. Paper and electronic medical records of KAOS
patients in the years 2014–2020 (until May inclusive) were
analysed. According to these records, 28 patients (7.3%)
had only 1 ophthalmic visit, 54 (14.1%) – 2 visits, 83
(21.6%) – 3 visits, 95 (24.7%) – 4 visits, and the remaining
124 (32.3%) had 5 or more visits. For the analysis of the
incidence of DR, at least 3 ophthalmic consultations were
required over the study period. The following variables
were collected: gender, age, weight, age at T1DM onset,
type of therapy (CSII/MDI/use of metformin/other oral
hypoglycemic drugs/alternative therapies, for example, DIY
system), patient’s BMI, type of insulin, daily insulin
requirements, other medications and comorbidities. Data,
such as the patient’s weight and daily insulin requirement,
was analysed on the basis of the patient’s last visit to a
diabetologist’s office. Patients were assessed for the
occurrence of microvascular and macrovascular chronic
complications.

The annual evaluations of an ophthalmologist with
dilated pupils were conducted. In case of abnormalities in
the fundus image, the lesions were classified according to
recommendations proposed by the American Academy of
Ophthalmology [30]. The presence of diabetic macular
edema and data on laser therapy or other therapeutic mea-
sures (in the past and during the analysed period) were also
collected.

T1DM patients diagnosed with DR were divided into
two groups, based on the stage of DR. The group of severe
DR associated with a significant risk of visual loss included
people with advanced non-proliferative DR that required
laser therapy, intravitreal injection of anti-VEGF and pro-
liferative DR. The second group, non-severe DR, included
subjects with eye fundus lesions described as mild or
moderate non-proliferative DR.
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The presence of DKD was assessed on the basis of the
albumin/creatinine ratio and level of eGFR according to the
recommendations of Kidney Disease Improving Global
Outcomes. DKD was being diagnosed in cases of history of
persistent albuminuria, overt proteinuria and/or persistently
reduced estimated glomerular filtration rate below 60 ml/
min/1.73 m2 [31]. Albuminuria was defined as an albumin-
to-creatinine ratio between 3 and 30 mg/mmol and overt
proteinuria as an albumin-to-creatinine ratio >30 mg/mmol,
in two repeated morning urine samples. Peripheral and
autonomic neuropathy were diagnosed based on an annual
neurological examination. Arterial hypertension was iden-
tified according to the medical history or/and use of anti-
hypertensive medications. Coronary artery disease (CAD)
was diagnosed if the patient had a myocardial infarction or
medical record that provided the evidence of ischemic heart
disease diagnosed by a cardiologist. Patients over 35 years
had an ECG performed annually, which was analysed by
the attending physician -if abnormalities occurred, the
patients were referred to a cardiologist and further diag-
nostic was performed, including additional tests (ECG
Holter, echocardiography). The presence of micro and
macrovascular chronic complications was analysed indivi-
dually. This includes microvascular complications (DKD,
peripheral neuropathy, autonomic neuropathy) and macro-
vascular disease (CAD, myocardial infarction, stroke,
transient ischemic attack and lower limb atherosclerosis
diagnosed on basis of the results of the ankle-brachial index,
which was measured every 2 years). We combined all
complications other than DR in one variable. For the cal-
culations, a graded classification system for variable of
combined complications other than DR was used. A scale
from 1 to 3 was devised—each grade represented the total
number of complications other than DR, 3 complications
being the maximum number observed in the examined
cohort. The number of patients with grade 1 (1 complica-
tion) was 114 (29.7%), grade 2–14 (3.7%), grade 3–2
(0.5%), respectively. Information concerning pregnancy
during the period of observation was also collected.

The European Society of Cardiology guidelines for the
diagnosis and treatment of dyslipidemia have changed twice
between 2014 and 2020. Initially, the recommendations
from 2011 were enforced, then in August 2016 they were
changed and the last update took place in August 2019 [32–
34]. Patients, when diagnosed with dyslipidemia, were
treated in accordance with the guidelines applicable in a
given year, with the exception of pregnant women. The
mean values of total cholesterol (TC), LDL cholesterol,
HDL cholesterol and triglyceride (TG) levels during the
observation period were available, information on thyroid
diseases was also collected. Annual laboratory test results
(HbA1c level, renal parameters, lipid profile, TSH) were
gathered. The HbA1c levels were determined using

analytical methods certified by the National Glycohe-
moglobin Standardization Program. Present and past
cigarette smoking was taken into consideration.

Statistical analysis

The normality of continuous variable distribution was
assessed by the Shapiro–Wilk test. Differences between
groups were analysed with Student’s test or nonparametric
tests, as appropriate. The study results are presented as
arithmetic means (x̄), ± standard deviations (SD) or number
(N) and percentages (%). Uni- and multivariate logistic
regression analysis was employed to determine the asso-
ciations of the independent variables with the presence of
DR, with respect to potential confounding variables. The
list of variables used for univariate analysis is shown in
Table 2. For each variable, an odds ratio (OR) with con-
fidence intervals (CI) for the presence of DR were provided.
For the multivariate model, significant variables from uni-
variate analysis were included. Instead of analysing each
complication separately, the variable of the presence of any
micro or macrovascular chronic complication was used.
LDL level was chosen as a marker of a lipid disorder. All
statistical analyses were performed using R ver. 4.0.2 sta-
tistical software (http://www.r-project.org/). The results
were considered significant at a significance level of p <
0.05.

Results

Out of 521 patients under the care of KAOS in 2014–2020,
we included data from 384 T1DM patients with at least a
10-year history of the disease. The average number of
ophthalmic consultations during the study period was
3.7+ /− 1.5. The mean follow-up was 4.9+ /− 1.4 years.
This group included 310 (80.7%) women. On average, this
group was characterised by mean age of 34 ± 9.2 years,
mean BMI 25.0 ± 3.9 kg m–2 and mean T1DM duration
20.5 ± 7.9 years. The average number of measurements of
HbA1c during the follow-up was 2.9+ /−1.2 per year. The
mean HbA1c of all patients throughout the follow-up period
was 6.9 ± 1%, 227 patients (59.1%) achieved the recom-
mended target value of HbA1c < 7% and 150 people
(39.1%) achieved an average HbA1c < 6.5%. The mean
daily insulin requirement/kg body weight was 0.7 ± 0.2 IU/
kg. The average mean LDL level was 2.5 ± 0.6 mmol/l, and
HDL level – 1.8 ± 0.4 mmol/l. The mean eGFR value was
66.3 ± 12.0 ml/min/1.73 m2. Detailed clinical characteristics
of the group are presented in Table 1. The analysed group
included 238 (62%) patients treated with CSII during the
entire observation period; 99 (25.8%) were using only MDI;
47 (12.2%) used both methods during the follow-up period.
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All patients were using short-acting analogues [insulin lis-
pro – 183 people (47.7%), aspart – 138 (35.9%), glulisine –
49 (12.8%), two or more short-acting analogues – 14
(3.6%)]; 144 people (98.6% MDI users) were on long-
acting analogues [glargine U100 – 58 people (39.7%),
glargine U300 – 36 (24.7%), detemir – 29 (19.9%),
degludec – 15 (10.3%)]. More than half of the women—163
(52.6% of women, 42.4% of the entire group)—were
pregnant within the observation period. Every third person
[132 (34.4%)] required a cardiological consultation for
various reasons, related to clinical signs and/or symptoms
and/or an abnormal ECG tracing. Supplementary data on
clinical characteristics are provided in the online Appendix
1 showing the use of concomitant medications.

DR was confirmed in 150 (39.1%) patients; of them, 109
(28.4%) were classified as diagnosed de novo in the ana-
lysed time period. The majority were patients diagnosed
with mild non-proliferative DR - 130 (86.7% of all affected
by DR). Severe DR was found in 31 people (8.1% of the
entire study group and 20.7% of the DR group), including
13 people with PDR and 4 with advanced non-proliferative
DR. In addition, 4 patients (1%) had DME (3 in the follow-
up, 1 in the past), 30 individuals (7.8%) underwent laser
therapy (2 for reasons other than DR) and 4 others (1.0%)
were treated with intravitreal injections with anti-VEGF, 8
(2.1%) had cataracts, and 5 (1.3%) underwent vitrectomy.

The patients were compared according to the presence of
DR. The group with DR was older (mean: 37.8 ± 9.4 vs.
32.3 ± 8.5 years; p ≤ 0.001), had a longer duration of diabetes
(25.0 ± 8.43 vs. 17.7 ± 6.1 years; p ≤ 0.001), achieved a higher
mean level of HbA1c (7.1 ± 1 vs. 6.8 ± 1.11%; p= 0.003),
had higher mean LDL cholesterol level (2.6 ± 0.7 vs. 2.4 ±

0.6mmol/l; p= 0.001) and mean total cholesterol (TC) level
(4.8 ± 0.7 v 4.6 ± 0.7 mmol/l; p= 0.009). The treatment regi-
mens (CSII/MDI/combination therapy) were used with simi-
lar frequencies. Details are presented in Table 1.

Additionally, T1DM female (n= 310) and male patients
(n= 74) were compared. The men were older (mean:
34.8 ± 12.2 vs. 34.4 ± 8.4 years; p ≤ 0.001), had a shorter
duration of diabetes (19.7 ± 7.6 vs. 20.7 ± 8 years; p ≤
0.001), had higher HbA1c level (7.5 ± 1 vs. 6.8 ± 1 mmol/l;
p= 0.003), and lower LDL cholesterol level (2.4 ± 0.6 vs.
2.5 ± 0.7 mmol/l; p= 0.001). The prevalence of any DR and
the severity of DR were not associated with gender (p=
0.71; p= 0.15). During the study 68 (17.7%) women with
T1DM and the diagnosis of DR registered in this cohort
were pregnant; in 4 of these patients, during the pregnancy
DR was diagnosed de novo and in 14 cases a DR pro-
gression was observed.

In univariate logistic regression, significant predictors of
the presence of DR were older age (OR 1.07; 95% CI,
1.05–1.1), longer diabetes duration (OR 1.16; 95% CI,
1.12–1.2), higher HbA1c level (OR 1.26; 95% CI,
1.04–1.54), peripheral neuropathy (OR 4.72; 95% CI,
2.97–7.61), autonomic neuropathy (OR 7.76; 95% CI,
2.84–27.25), DKD (OR 6.28; 95% CI, 2.23–22.37), higher
LDL level (OR 1.9; 95% CI, 1.34–2.75), arterial hypertension
(OR 2.87; 95% CI, 1.62–5.2), and the presence of any micro-
or macrovascular chronic complications (OR 3.77; 95% CI,
2.51–5.78). Detailed results are presented in Table 2.

The following variables were included in the multivariate
model: age, diabetes duration, HbA1c level, arterial
hypertension, LDL level, and the presence of microvascular
and macrovascular complications combined. In the

Table 1 Study group characteristics according to the presence of DR

Variable Whole study group Presence of DR Absence of DR P value

Mean SD Median Mean SD Median Mean SD Median

Gender F/M [n/n]/[%/%] [310/74]/[80.7/
19.3]

- - [123/27]/[82/
18]

- - [187/47]/[79.9/
20.1]

- - 0.709

Model of treatment [CSII/MDI/
both] [n/n/n]/[%/%/%]

[238/99/47]/[62/
25.8/12.2]

- - [90/39/21]/
[60/26/14]

- - [148/60/26]/
[63.3/25.6/11.1]

- - 0.675

Age [yrs] 34.4 9.2 34 37.8 9.4 36 32.3 8.5 31.5 ≤0.001

Diabetes duration [yrs] 20.5 7.9 20 25.0 8.4 24 17.7 6.1 16.5 ≤0.001

HbA1c [%] 6.9 1.1 6.8 7.1 1 7 6.8 1.1 6.6 0.003

Daily Insulin Dose/kg [IU/kg] 0.7 0.2 0.7 0.7 0.2 0.7 0.7 0.3 0.7 0.317

BMI [kg/m2] 25 3.9 24.5 25.1 4 24.4 24.9 3.9 24.6 0.478

Total cholesterol level [mmol/l] 4.6 0.7 4.6 4.8 0.7 4.8 4.6 0.7 4.5 0.009

LDL level [mmol/l] 2.5 0.6 2.4 2.6 0.7 2.5 2.4 0.6 2.3 0.001

HDL level [mmol/l] 1.8 0.4 1.8 1.8 0.4 1.8 1.8 0.4 1.8 0.344

TG level [mmol/l] 0.9 0.5 0.8 1 0.5 0.8 0.9 0.4 0.8 0.243

eGFR level [ml/min/1.73 m2] 66.3 12 64.8 66.5 13.4 65 66.2 10.9 64.3 0.824

Hypertension [n][%] [57][14.8] [35][23.3] [22][9.4] ≤0.001
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multivariate logistic regression model, independent risk
factors for DR remained: T1DM duration (OR 1.13; 95%
CI, 1.09–1.19), HbA1c level (OR 1.41; 95% CI, 1.08–1.84),
LDL level (OR 1.79; 95% CI, 1.16–2.87), and the presence
of the combined non-DR micro- and macrovascular chronic
complications (OR 1.86; 95% CI, 1.16–3.03). Detailed
results are presented in Table 3.

Discussion

A century after the discovery of insulin, DR still affects
thousands of patients with T1DM worldwide [20, 22–24].

In this retrospective RWD study from a highly selected
cohort, we report that among T1DM patients with a long-
term disease and current excellent glycemic control, treated
with modern therapies and remaining under intensive dia-
betic counselling, the prevalence of DR, particularly at the
advanced stage, was lower than previously described in
other populations. We also provide evidence that well-
established independent risk factors, such as duration of
diabetes, glycemic control and some others, confirmed in
this very selected cohort of T1DM patients to be significant.

Of note, in this study group new methods of T1DM
treatment were commonly used, with almost all patients using
insulin analogues and two-thirds being on personal insulin
pumps. In addition, these patients remained, at least in recent
years, under comprehensive, structured diabetes care, with
frequent check-ups at a diabetologist’s office, multi-specialist
care, and regular screening for comorbidities. The prevalence
of DR of any stage in this ethnically and clinically homo-
geneous group was <40%, in spite of long diabetes duration.
In a pilot of The Polish Diabetes Registry for Adults dated
from 2006 to 2009, the prevalence of any stage DR in non-
selected 1040 T1DM individuals with a mean disease dura-
tion slightly above 14 years (a period much shorter than in the
current study) was almost 42% [35]. A more recent nation-
wide study of DR in Poland in the years 2013–2017 based on
the International Classification of Diseases Codes (ICD-9 and
ICD-10) and unique National Health Fund codes reported a
20.0% prevalence of DR in T1DM patients [36]. Of note,
there are substantial methodological differences between this
and our study, as all T1DM individuals were included without
regard to the disease duration, and, moreover, the frequency
of DR was likely underreported.

Among the reports from other countries, a large obser-
vational study was conducted in the USA between 2001 and
2014. This study revealed a DR rate of 20.1% in a group of
patients with a median age of T1DM diagnosis 14.2 years,
follow-up of 3.2 years and HbA1c level 7.6% [10]. A
prospective observational analysis showed an increased
frequency of DR, with subsequent years reaching almost
40% after 10 years, half of the average T1DM duration for
the current study [10].

In a pilot SEARCH study that analysed data from 2009
to 2011 in the US, the presence of DR was assessed based
on photographs of the retina without pupil dilation; the
frequency of DR was estimated to be 17% at mean, time
from diagnosis slightly <6.8 years [13]. In a large British
cross-sectional analysis based on the screening program
among patients with T1DM (aged > 12 years, regardless of
the duration of the disease) and covering the years between
2005 and 2009, the frequency of any DR and any sight-
threatening retinopathy was 56.0% and 11.2%, respectively;
numbers higher than in our study, with a shorter mean
T1DM duration of less 22.3 years [12].

Table 3 Results of the multivariate linear regression analysis

Variable P value OR 95% CI

Age [yrs] 0.543 1.01 (0.98; 1.05)

Diabetes duration [yrs] <0.001 1.13 (1.09; 1.19)

HbA1c [%] 0.012 1.41 (1.08; 1.84)

Hypertension [Yes/No] 0.991 0.99 (0.45; 2.18)

LDL [mmol/l] 0.011 1.79 (1.16; 2.87)

Any micro or macrovascular
complications [Yes/No]

0.011 1.86 (1.16; 3.03)

Table 2 Results of the univariate linear regression analysis

Variable p value OR 95% CI

Gender F/M [n/n] 0.613 0.87 (0.51; 1.47)

Age [yrs] <0.001 1.07 (1.05; 1.1)

Diabetes duration [yrs] <0.001 1.16 (1.12; 1.2)

HbA1c [%] 0.018 1.26 (1.04; 1.54)

Obesity [Yes/No] 0.106 1.86 (0.88; 3.97)

BMI [kg/m2] 0.529 1.02 (0.96; 1.08)

Peripheral neuropathy [Yes/No] <0.001 4.72 (2.97; 7.61)

Autonomic neuropathy [Yes/No] <0.001 7.76 (2.84; 27.25)

DKD [Yes/No] 0.001 6.28 (2.23; 22.37)

Stroke/TIA [Yes/No] 0.762 1.54 (0.06; 39.06)

CAD [Yes/No] 0.358 2.33 (0.38; 17.82)

Hypertension [Yes/No] <0.001 2.87 (1.62; 5.2)

Atherosclerosis of the arteries of the
lower extremities [Yes/No]

0.184 4.67 (0.59; 94.97)

Hypothyroidism [Yes/No] 0.307 1.25 (0.82; 1.91)

Total Cholesterol [mmol/l] 0.008 1.5 (1.12; 2.05)

LDL [mmol/l] <0.001 1.9 (1.34; 2.75)

TG [mmol/l] 0.303 1.26 (0.81; 1.98)

Any smoking [Yes/No] 0.614 1.21 (0.57; 2.5)

Pregnancy during the follow-up [Yes/
No]

0.367 1.21 (0.8; 1.83)

Any micro or macrovascular
complications [Yes/No]

<0.001 3.77 (2.51; 5.78)
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In a report from Sweden dated back to 2008, the pre-
valence of DR in the T1DM population was estimated at
41.8%, PDR rate was 8.5%, and the percentage of people at
risk of blindness reached 12.1% [37]. Of note, these esti-
mates were based on large patient populations, but without
taking into account the T1DM duration. Data extracted in
2014 from the Danish island of Funen showed an even
higher proportion of DR – 54.3% for any DR, 16.4% for
PDR - - in the T1DM patient population with a median
duration of disease lasting 19.1 years [38].

In the Norwegian study, showing data from the last
decade, where the studied cohort was similar to one in this
study in terms of age (mean 34 yrs) and T1DM duration
(mean 19 years), the DR rate was 61% and 18% for severe
DR; this group, however, was characterised by an unsa-
tisfactory metabolic control with mean HbA1c 8.2% [11].
Compared to this study, our cohort was characterised by a
lower percentage of people with advanced DR changes
including PDR (3.4% vs. 13%, respectively), and a lower
prevalence of DME (1% vs. 8%). Our analysis showed no
association between the presence of DR and the male
gender, although this gender was underrepresented in the
current analysis. In addition, the specific DR diagnosis in
our study was based on the direct examination of the retina
by an ophthalmologist, unlike in the Norwegian study
where a fundus photo was used. Data from other countries
on the frequency of DR among patients with long-standing
T1DM treated with modern therapeutic methods are scarce.

Finally, to illustrate the differences in a much longer
perspective, we should refer to the WESDR study published
almost 40 years ago, where the prevalence of PDR after 15
or more years of T1DM was 20.1%, more than two times
higher than severe DR in the current cohort and more than
six times higher than PDR in the current cohort [9].

In summary, while the comparison of studies from dif-
ferent countries evaluating the prevalence of DR in T1DM
seems to be challenging due to some differences in meth-
odology and characteristics of the study groups, it is
apparent that the frequency of both any DR and severe DR
in this report are lower than in earlier studies.

The results of our study, with a lower than earlier
reported prevalence of DR, support the individualised
attitude to screening for DR in T1DM patients. The
guidelines of the ADA [39], American Academy of
Ophthalmology [30] and the Polish Diabetes Association
[40], recommend starting screening for DR as early as 5
years after the diagnosis of T1DM. In the absence of
evidence of DR after examination, and with good gly-
cemic control, ophthalmologists and optometrists are
currently advised to perform eye examinations every 1–2
years. If any degree of DR is present, a subsequent
ophthalmologic examination with dilatated pupils should
be repeated at least annually. If there are no signs of DR

in subsequent examinations, longer intervals between
follow-up examinations may be considered. We also
suggest that the frequency of screening for DR should be
based on the presence of other chronic diabetes compli-
cations. Screening for DR at fixed annual intervals is
challenging to the health care system. To overcome this
barrier, the individual attitude seems to be safe for
patients and economically beneficial [41].

In this retrospective analysis, we also examined the risk
factors for any stage of DR. We identified the T1DM
duration and glycemic control among them. This is not
surprising, as there is well-known and consistent evidence
that a longer duration of T1DM and worse metabolic con-
trol as expressed by higher HbA1c levels increase the risk
of development and progression of DR [8–10, 18, 24, 42].
The WESDR study reported that the severity of DR was
also associated with a higher level of HbA1c [9]. The
DCCT study and its follow-up EDIC clearly demonstrated
that lower HbA1c levels as a result of intensive care were
correlated with a later onset and the slower development of
DR [43]. Our RWD study confirms this observation in a
smaller but homogeneous cohort of T1DM patients using
modern therapies and reaching satisfactory glycemic con-
trol. Another risk factor identified in our study was the LDL
level. It was earlier shown that higher levels of cholesterol
correlate with the appearance of “hard exudates” in the
retina [44]. Some reports show that high LDL level was a
risk factor for DR progression [45, 46]. Moreover, treatment
of dyslipidemia inhibited the progression of the already
diagnosed disease [20]. The FIELD study clearly showed
that fenofibrate treatment in patients with T2DM reduced
the progression of DR and need for laser DR treatment [47].
Our study emphasises the role of LDL cholesterol as a risk
factor of DR. Unexpectedly, arterial hypertension was not
an independent DR risk factor in our multivariate analysis.
One of the reasons influencing the statistical analysis could
have been the well-documented relationship between
arterial hypertension and many non-DR micro- and mac-
rovascular chronic complications, that were combined as a
single variable in this study [48].

Of note, we also demonstrated the relationships between
DR and the presence of any chronic complication. Earlier
studies analysed the association between DR and individual
microvascular and macrovascular complication, usually
DKD [49]. In the WESDR study, proteinuria was a pre-
dictor of PDR development in patients with T1DM [50]. In
the fourteen-year follow-up of the Wisconsin study, the
increased risk of macular edema was associated with the
presence of high proteinuria at baseline [51]. In a study
including T1DM subjects with preclinical diabetic glomer-
ulopathy lesions, a significant relationship was found
between DR and morphological changes in kidneys [52].
However, there has been no earlier reports in which chronic
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complications would be treated jointly in association ana-
lysis with DR.

This report has some limitations. Our cohort is char-
acterised by the over-representation of female T1DM
patients with a more than four times larger proportion than
males. This is a characteristic feature of the T1DM cohort of
our centre [53]. Women with T1DM are attracted to our
department as they have a special program dedicated to
pregnancy planning and care. This includes the possibility
of borrowing an insulin pump, otherwise available in
Poland only from out-of-pocket payments for T1DM
patients above the age of 26 yrs. The National Health Fund
partially covers the costs of equipping the pump for preg-
nant women with diabetes. In the analysed group, over half
of female patients were pregnant during the follow-up
period. After the delivery, these patients usually remain in
the KAOS program. However, as shown in our subgroup
analysis, neither the prevalence of any DR nor the severity
of DR were associated with gender in our study. Further,
this was a retrospective study and we cannot definitely
prove any causal relationship as the results just reflect a
statistical association between the examined variables. The
analysed group of patients was a relatively homogeneous
cohort remaining under the care of the university center,
thus, the results cannot be extrapolated to the entire popu-
lation of T1DM patients in Poland. Our analyses did not
take into account some important clinical variables that
could potentially influence the results, such as the glycemic
control and treatment of the patients before their admission
to the KAOS program. We were also not able to provide a
precise number of T1DM patients using the CGM systems,
although our model of care included supplying pregnant
women or planning pregnancy in sensors for CGM. More-
over, data on severe hypoglycemia and hyperglycemic
episodes were not systematically collected for this cohort.
Finally, it should be admitted that the cut-off point of 10
years for T1DM duration was arbitrary in its nature. It was
well-documented that sufficient glycemic exposure was
needed for the development of DR [20]. As a consequence,
the first ophthalmological examination for T1DM patients is
recommended 5 years after the diagnosis [39]. Of note,
severe DR usually did not develop before 10 year of T1DM
[15, 20] and this cut-off point was used in some earlier
studies of DR [54]. Among the advantages, one should
include the assessment by the same team of specialists in
ophthalmology.

Conclusions

In this highly-selected group of mostly female T1DM
patients, the prevalence of both any stage of DR and severe
DR were lower than previously reported from other

populations. We confirmed most independent risk factors of
DR from earlier studies involving cohorts with different
clinical characteristics.
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