
Systolic and diastolic blood pressure are independent
risk factors for diabetic retinopathy in patients with
type 2 diabetes

Bulum, Tomislav; Tomić, Martina; Vrabec, Romano; Brkljačić, Neva;
Ljubić, Spomenka

Source / Izvornik: Biomedicines, 2023, 11

Journal article, Published version
Rad u časopisu, Objavljena verzija rada (izdavačev PDF)

https://doi.org/10.3390/biomedicines11082242

Permanent link / Trajna poveznica: https://urn.nsk.hr/urn:nbn:hr:264:464094

Rights / Prava: Attribution 4.0 International / Imenovanje 4.0 međunarodna

Download date / Datum preuzimanja: 2024-05-15

Repository / Repozitorij:

Merkur University Hospital Repository

https://doi.org/10.3390/biomedicines11082242
https://urn.nsk.hr/urn:nbn:hr:264:464094
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://repozitorij.kb-merkur.hr
https://dabar.srce.hr/islandora/object/kbmerkur:109


Citation: Bulum, T.; Tomić, M.;
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Abstract: Background and aims: Diabetic retinopathy (DR) is a microvascular complication of
diabetes and represents the leading cause of blindness in working-age adults. The aim of this study
was to investigate the risk factors for DR in patients with type 2 diabetes (T2DM) with and without
diabetic nephropathy (DN). Methods: A total of 160 patients with T2DM were included in the study.
Photodocumented retinopathy status was determined according to the EURODIAB protocol. Renal
function was determined using creatinine-based estimated glomerular filtration rate (eGFR) and
albumin-to-creatinine ratio (ACR). Binary univariate and multiple logistic regression analyses were
performed to determine the main predictors of DR. Results: The prevalence of DR in this studied
sample was 46.3%. No significant correlation was observed between DR and age, body mass index,
serum lipids, and renal function. Binary logistic regression analysis (no DR/DR) showed that longer
diabetes duration (p = 0.008), poor glycemic control (HbA1c) (p = 0.008), higher systolic blood pressure
(p = 0.001), and diastolic blood pressure (p = 0.003) were the main predictors of DR in patients with
T2DM. However, the influence of systolic blood pressure (AOR = 1.06, p = 0.004) and diastolic blood
pressure (AOR = 1.12, p = 0.007) on DR development remained significant even after adjustment for
diabetes duration and HbA1c. Conclusions: Our results suggest that systolic and diastolic blood
pressure are independent risk factors for DR in patients with T2DM.

Keywords: type 2 diabetes; diabetic retinopathy; risk factors; systolic blood pressure; diastolic
blood pressure

1. Introduction

The dramatic increase in the prevalence of diabetes mellitus and its complications po-
sitions this metabolic disorder as the most common non-communicable disease worldwide.
It is estimated that about 700 million people worldwide by 2045 will have diabetes [1].
Despite new therapeutic options, there has also been an increase in chronic complications of
diabetes [2]. Diabetic retinopathy (DR) is one of the major chronic complications of diabetes
and still represents the leading vision-threatening disease in working-age adults [3]. In
prospective studies, hyperglycemia and hypertension have been documented as the most
important modifiable risk factors for developing DR, along with the duration of diabetes
as the most important non-modifiable risk factor [4–7]. Most patients (about 90%) have
type 2 diabetes (T2DM), in which overweight and abdominal obesity plays a crucial role
in developing insulin resistance and diabetes. Abdominal obesity and insulin resistance
are underlying conditions in developing metabolic syndrome-associated disorders like
hypertension and dyslipidemia, which are connected with microvascular complications of
diabetes, including DR [8].
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The two most common microvascular complications in patients with T2DM are DR
and diabetic nephropathy (DN). Since these two microvascular complications share a
similar pathogenesis, they are supposed to develop in parallel in patients with diabetes,
and the presence and severity of DR are accompanied by the presence and severity of
DN [9,10]. However, DR and DN are more closely related and simultaneously progress
in patients with type 1 diabetes than in patients with T2DM [11]. The reason could be
that at the time of diagnosis of type 1 diabetes, most patients had neither DR nor DN, and
over time and with complications development, there are more substantial effects of risk
factors associated with DN, like hypertension, on DR development [12]. In T2DM, there is a
well-recognized association between DR and DN—DN without DR is rare, but DR without
DN is common. DR is associated with an increased risk of DN in patients with T2DM,
and the predictive value of DR on subsequent DN risk for T2DM patients is relatively
lower [13].

In addition to high blood glucose, blood pressure is also a significant risk factor for
the development of DR because high blood pressure is transferred into retinal circulation,
leading to injury of retinal endothelial cells [14]. The results from the large and prospective
United Kingdom Prospective Diabetes Study (UKPDS) suggest that the risk of DR is
increased in patients with T2DM and higher systolic blood pressure (SBP) compared to
those with normal blood pressure [15]. Similar outcomes were found in a meta-analysis
that included over 100,000 participants, where a decrease in SBP by 10 mmHg reduced the
risk of DR by 13% [16]. Generally, there is a high prevalence of hypertension in patients
with T2DM because at the time of diagnosis, around 40% of them have high blood pressure,
and with increased age and the longer duration of diabetes, the percentage increases—up
to 60% in those aged 75. Even in those with SBP < 140 mmHg and diastolic blood pressure
(DBP) < 90 mmHg, there is a significant association between SBP and DR after adjusting for
known risk factors like hemoglobin A1c, diabetes duration, and gender [17]. We previously
described in T2DM the connection between hypertension and cataract development and
the association between systolic blood pressure and the development and progression of
DR in patients with type 1 diabetes with normal renal function (normoalbuminuria and
estimated glomerular filtration rate over 60 mL/min/1.73 m2) [18,19].

The aim of this study was to explore the prevalence of DR and DN and risk factors for
DR in patients with T2DM with and without DN.

2. Methods
2.1. Study Design and Ethics Statement

Our study was cross-sectional and performed between 15 December 2020 and 15 March
2021 at the Department of Diabetes, Department of Ophthalmology, and Department of Car-
diology. The study was conducted following the Declaration of Helsinki and approved by
the Hospital’s Ethics Committee (protocol number 05/01-849, approval date: 16 September
2020). Before any procedures and inclusion in the study, patients received written and oral
information about the study and finally signed informed consent. All patients in the study
agreed that their data and image documents could be used for publication in scientific and
professional journals.

2.2. Patients

The study included a total of 160 patients with T2DM attending all three Departments
on the same day. Patients with illnesses affecting eye and renal function or blood pressure,
inflammatory diseases, or acute infectious diseases, and patients who were pregnant or
had other forms of eye diseases were not included in the study.

At the inclusion visit, complete clinical and ophthalmologic retinal examinations were
performed in addition to blood and urine sample collection for laboratory analysis. Figure 1
presents the flow chart for designing the experiment.
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Figure 1. Design of experiment flow chart.

2.3. Demographic Data and Clinical Characteristics

The demographic data of patients include age, gender, and diabetes duration. Weight
and height were measured using a balance-beam scale and a wall-mounted stadiometer.
Body mass index (BMI) was calculated by dividing weight and height squared (kg/m2).
Systolic and diastolic blood pressure were measured by an ambulatory digital sphyg-
momanometer after a 10 min rest period, and a mean value of three measurements was
used.

2.4. Markers of Glycemic Control and Lipid Metabolism

Fasting venous blood samples were collected in the morning after an overnight fast
to determine metabolic risk factors: hemoglobin A1c (HbA1c), total cholesterol, HDL
cholesterol, LDL cholesterol, and triglycerides. HbA1c was measured using an automated
immunoturbidimetric procedure on a dedicated analyzer (Cobas Integra 400 plus, Roche
Ltd., Basel, Switzerland), and serum lipids were determined using standard enzymatic
methods on an automated analyzer (Beckman Coulter AU680, Beckman Coulter, Inc., Brea,
CA, USA).

2.5. Indicators of Renal Function

Renal function was determined using serum creatinine-based glomerular filtration rate
(GFR) and albumin-to-creatinine ratio (ACR). Serum creatinine was measured in a fasting
blood sample using a routine laboratory method. GFR was estimated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) formula [20], and a random urine
sample was used to determine the ACR by turbidimetric immunoassay and photometric
assays. Patients with an ACR < 3 mg/mmol were classified as normoalbuminuric, those
with ACR ≥ 3 < 30 mg/mmol as microalbuminuric, while macroalbuminuria was classified
as an ACR ≥ 30 mg/mmol. Chronic kidney disease/DN was defined as an estimated
GFR < 60 mL/min/1.73 m2 and/or ACR ≥ 30 mg/mmol.
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2.6. Ophthalmologic Retinal Examination

The ophthalmologic retinal examination included color fundus photography and opti-
cal coherence tomography (OCT) of the macula after mydriasis with eye drops containing
0.5% tropicamide. A conventional 45◦ fundus camera (Visucam, Zeiss) was used to obtain
color fundus images following the EURODIAB (EUROpe and DIABetes) retinal photogra-
phy methodology [21]. Using the EURODIAB criteria, two retina specialists (M.T., and R.V.)
evaluated the images separately, and the final diagnosis for each patient was established
based on the DR level of the poorer eye [21]. The macula was examined using Spectral
Domain OCT (SD-OCT Copernicus REVO NX, Optopol Technology), and diabetic macular
edema (DME) was assessed using the proposed international clinical diabetic retinopathy
and diabetic macular edema disease severity ratings [22]. We excluded patients with DME
from the study.

2.7. Statistical Analysis

Statistica™ software package version 14.0 (TIBCO Software Inc., Palo Alto, CA, USA)
and SPSS software package version 23.0 (IBM, Armonk, NY, USA) were used for statistical
analysis. After testing the normality of data distribution using the Kolmogorov–Smirnov
test, descriptive results were expressed as means ± SD or median (min-max) for continu-
ous variables and numbers (percentages) for categorical variables. For continuous data,
differences between groups were tested by one-way ANOVA and Kruskal–Wallis tests.
Scheffe’s post-hoc test and multiple comparisons of the Kruskal–Wallis test were used
where needed. For categorical data testing, the Chi-square test was used. The Spearman’s
rank correlation test was used to assess the presence of associations between examined
variables. Binary univariate and multiple logistic regression analyses were performed to
determine the main predictors of DR, while backward regression analysis was used to
detect the main predictors of the ACR. The level of statistical significance was set at 0.05 in
all analyses.

3. Results
3.1. Study Population

One hundred and sixty patients with T2DM (96 male/64 female) with a mean age
of 64.3 ± 7.6 years and a mean diabetes duration of 14.0 ± 7.1 years were included
in this cross-sectional study. Table 1 presents their basic and clinical characteristics,
metabolic risk factors, and renal function. Except for elevated mean/median values
of BMI (29.8 ± 4.7 kg/m2), SBP (135 (110–170) mmHg), HbA1c (7.1 (5.5–12.1)%), and
LDL cholesterol (2.5 (0.9–7.1) mmol/L), the other analyzed variables—mean/median val-
ues of DBP (80 (70–110) mmHg), total cholesterol (4.6 (2.7–10.2) mmol/L), HDL choles-
terol (1.3 (0.8–2.5) mmol/L), triglycerides (1.6 (0.5–7.0) mmol/L), serum creatinine (75.5
(42–163) µmol/L), estimated GFR (86.5 (32–108) mL/min/1.73 m2), and ACR (1.4 (0.3–49.6)
mg/mmol)—were within the normal range for patients with T2DM. Corresponding to the
medical records, 134 (83.7%) of patients received antihypertensive therapy and 128 (80%)
received hypolipemic treatment, of which 108 (67.5%) took statins and 20 (12.5%) took
fenofibrate.

According to the level of DR, patients were divided into groups: no DR (n = 86),
mild/moderate nonproliferative DR (NPDR) (n = 44), and severe NPDR/proliferative DR
(PDR) (n = 30). The three groups did not significantly differ in age, gender, and BMI, but
a significant difference was observed in the diabetes duration (p = 0.017), SBP (p = 0.001),
DBP (p = 0.003), and HbA1c (p = 0.005) (Table 2). Patients with severe NPDR/PDR had
a longer diabetes duration (post-hoc Scheffe test, p = 0.027) and higher SBP (multiple
comparisons, p < 0.001) than those with no DR. In contrast, no significant difference in
diabetes duration and SBP was observed between the patients with mild/moderate NPDR
and those with no DR. Multiple comparisons also showed a significant difference in DBP
and HbA1c between the patients with severe NPDR/PDR and those with no DR (DBP,
p = 0.017; HbA1c, p = 0.022), as well as patients with mild/moderate NPDR and those with
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no DR (DBP, p = 0.043; HbA1c, p = 0.030). The differences in DBP and HbA1c between
the patients with severe NPDR/PDR and mild/moderate NPDR were not statistically
significant. No significant differences in lipids and renal function were found between the
groups according to the level of DR.

Table 1. Basic and clinical characteristics, metabolic risk factors, and renal function of all patients
with type 2 diabetes (n = 160) included in the study.

All Patients Included in the Study (n = 160)

Age (years) 64.3 ± 7.6
Gender (m/f) (%) 60/40

Diabetes duration (years) 14.0 ± 7.1
BMI (kg/m2) 29.8 ± 4.7
SBP (mmHg) 135 (110–170)
DBP (mmHg) 80 (70–110)

HbA1c (%) 7.1 (5.5–12.1)
Total cholesterol (mmol/L) 4.6 (2.7–10.2)
HDL cholesterol (mmol/L) 1.3 (0.8–2.5)
LDL cholesterol (mmol/L) 2.5 (0.9–7.1)

Triglycerides (mmol/L) 1.6 (0.5–7.0)
Serum creatinine (µmol/L) 75.5 (42–163)

ACR (mg/mmol) 1.4 (0.3–49.6)
eGFR (mL/min/1.73 m2) 86.5 (32–108)

Legend: Values are means ± SD, percentages, or medians (min-max). BMI indicates body mass index; SBP: systolic
blood pressure; DBP: diastolic blood pressure; HbA1c: glycated hemoglobin; HDL: high-density lipoprotein
cholesterol; LDL: low-density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate; ACR: albumin-
to-creatinine ratio.

Table 2. Diabetes duration, systolic and diastolic blood pressure, and HbA1c of patients with type
2 diabetes (n = 160). Patients were divided into three groups according to the level of diabetic
retinopathy.

No DR
(n = 86)

Mild/Moderate
NPDR (n = 44)

Severe
NPDR/PDR

(n = 30)
p-Value

Diabetes duration 11.98 ± 6.76 15.60 ± 8.23 16.91 ± 5.88 0.017
SBP (mmHg) 130 (115–170) 137 (110–170) 150 (120–170) 0.001
DBP (mmHg) 80 (70–95) 85 (70–110) 85 (75–100) 0.003

HbA1c (%) 6.7 (5.5–9.4) 7.3 (5.8–9.2) 7.8 (5.6–12.1) 0.005
Legend: Values are means ± SD or medians (min-max). SBP indicates systolic blood pressure; DBP: diastolic blood
pressure; HbA1c: glycated hemoglobin; DR: diabetic retinopathy; NPDR: nonproliferative diabetic retinopathy;
NPDR/PDR: nonproliferative diabetic retinopathy/proliferative diabetic retinopathy.

3.2. Prevalence of Microvascular Complications and Their Correlations

In our study cohort, the prevalence of DR was 46.3%. Of the 74 with DR, 44 (59.5%)
had mild or moderate NPDR, and 30 (40.5%) had severe NPDR or PDR.

The prevalence of DN according to the eGFR category was 32.6%, though its prevalence
according to the ACR classification was 12.5%. Of the 92 with eGFR ≤ 90 mL/min/1.73 m2, 62
(67.4%) had eGFR 60–89 mL/min/1.73 m2, while 30 (32.6%) had eGFR ≤ 59 mL/min/1.73 m2.
Of the 32 with an ACR higher than 3 mg/mmol, an ACR of 3–30 mg/mmol was found in 28
(87.5%) patients, and an ACR > 30 mg/mmol only in 4 (12.5%) of them.

DR was positively associated with diabetes duration (R = 0.276454, p = 0.013), HbA1c
(R = 0.361563, p < 0.001), SBP (R = 0.465979, p < 0.001), and DBP (R = 0.379747, p < 0.001)
(Figure 2A–D). No significant correlation was observed between DR and age, BMI, serum
lipids, and renal function (p > 0.05).
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ACR was positively related to diabetes duration (R = 0.241504, p = 0.034) and HbA1c
(R = 0.231647, p = 0.043) (Figure 3A,B). No significant relation was observed between the
ACR and age, BMI, serum lipids, SBP, and DBP (p > 0.05). Estimated GFR was negatively
related only to age (R = −0.544649, p < 0.001), but no significant relation was found between
eGFR and other analyzed variables.
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3.3. Predictors of Diabetic Retinopathy and Nephropathy

Binary logistic regression analysis (no DR/DR) showed that longer diabetes duration
(p = 0.008), poor glycemic control (HbA1c) (p = 0.008), higher SBP (p = 0.001), and DBP
(p = 0.003) were the main predictors of DR. However, even after adjustment for diabetes
duration and HbA1c, there were significant effects of SBP (AOR = 1.06, p = 0.004) and DBP
(AOR = 1.12, p = 0.007) on DR development (Table 3). No significant relation between DR
and other analyzed variables using logistic regression analysis was observed.

Table 3. Results of logistic regression analysis for diabetic retinopathy in patients with type 2 diabetes
as a dichotomous dependent variable.

Variable OR (95% CI) p-Value AOR (95% CI) * p-Value *

Diabetes duration 1.10 (1.02–1.18) 0.008 /
HbA1c 1.87 (1.17–2.99) 0.008 /

SBP 1.07 (1.03–1.11) 0.001 1.06 (1.02–1.11) 0.004
DBP 1.12 (1.04–1.21) 0.003 1.12 (1.03–1.22) 0.007

* OR after adjustment for diabetes duration and HbA1c. Legend: HbA1c indicates glycated hemoglobin; SBP:
systolic blood pressure; DBP: diastolic blood pressure.

The results of backward regression analysis for ACR as a dependent variable are
presented in Table 4, and those for eGFR as a dependent variable are in Table 5. The best
model for predicting ACR (R2 = 0.258) obtained by backward regression included only a
longer diabetes duration (p = 0.034), while the best model for predicting eGFR (R2 = 0.307)
involved only age (p < 0.001).

Table 4. Results of backward regression analysis for albumin-to-creatinine ratio in patients with type
2 diabetes as a dependent variable.

Unstandardized
Coefficients

Standardized
Coefficients

Model B Std. Error Beta t Sig.

(Constant) 0.138 1.839 0.075 0.941
Diabetes duration 0.252 0.117 0.242 2.155 0.034

Dependent variable: albumin-to-creatinine ratio. R2 = 0.258.

Table 5. Results of backward regression analysis for estimated glomerular filtration rate in patients
with type 2 diabetes as a dependent variable.

Unstandardized
Coefficients

Standardized
Coefficients

Model B Std. Error Beta t Sig.

(Constant) 0.138 1.839 0.075 0.941
Age −1.413 0.247 −0.554 −5.728 <0.001

Dependent variable: estimated glomerular filtration rate. R2 = 0.307.

4. Discussion

The results of our study suggest that SBP and DBP are independent risk factors for DR
in patients with T2DM. Less than half of the studied patients with T2DM had DR (46.3%),
and most patients had satisfactory glucose control (HbA1c 7.1%). Although DR and DN
are essential microvascular complications connected with a similar pathogenesis and often
coincide, there were no associations between DR and renal function measured with eGFR
and ACR. However, the prevalence of DN in our study, defined as an ACR ≥ 30 mg/mmol
and estimated GFR < 60 mL/min/1.73 m2, was moderate to relatively high (12.5% and
32.6%). Also, no associations existed between DR and age, BMI, and serum lipids. Finally,
binary logistic regression analysis (no DR/DR) showed that longer diabetes duration
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(p = 0.008), poor glycemic control (HbA1c) (p = 0.008), higher SBP (p = 0.001), and DBP
(p = 0.003) were the main risk factors of DR. However, even after adjustment for diabetes
duration and HbA1c, SBP (AOR = 1.06, p = 0.004) and DBP (AOR = 1.12, p = 0.007) had
significant effects on DR development.

The epidemiological studies confirmed the connection between high blood pressure
and DR and showed that blood pressure is not only a risk factor for DR because the
treatment of hypertension is beneficial [23]. Large, prospective trials that included patients
with T2DM, like ABCD (Appropriate Blood Pressure Control in Diabetes) and UKPDS
(The UK Prospective Diabetes Study), suggest that strict blood pressure control can prevent
the development and progression of DR [24,25]. Patients with T2DM and SBP ≥ 140 mmHg
have a 2.8 times higher risk of developing DR than those with SBP < 125 mmHg [23].
In addition, in those with borderline increased blood pressure (up to 144/82 mmHg),
a 35% risk reduction in DR progression and photocoagulation can be achieved with a
decrease in SBP by 10 mmHg and with a reduction in DBP by 5 mmHg. In our study, the
patients had even lower median systolic and diastolic blood pressure (135/80 mmHg).
The Steno 2 study included patients with T2DM and microalbuminuria and found a 55%
lower risk of DR progression according to the EURODIAB scale with the intensive control
of hypertension [26]. Irrespective of normal or high blood pressure, SBP is significantly
related to the DR presence in patients with T2DM, even after adjusting for the duration
of diabetes, gender, and HbA1c [17]. SBP is also associated with incipient and advanced
DR independently of the presence of cardiovascular and renal disease [27]. Besides blood
pressure level, its variability is also a risk factor for DR in patients with T2DM [28]. Most
studies found a link between DR and SBP, but some researchers discovered that only
DBP relates to DR [29]. Contrarily, a randomized controlled ADVANCE trial showed that
blood pressure control within the normal range (below 140/80 mm Hg) had no effect in
preventing DR progression [30].

Hypertension, pregnancy, autonomic neuropathy, and hyperglycemia increase retinal
blood flow and lead to a progression of DR, while normoglycemia and the moderate stenosis
of the carotid artery decrease retinal blood flow and have a protective effect on DR [31–35].
Retinal blood flow distribution is regulated by central mechanisms controlled by autonomic
innervation and local mechanisms through autoregulation. The impaired autoregulation in
patients with T2DM potentiated with hyperglycemia significantly increases blood flow and
mean arterial pressure, established a vicious circle between retinal hemodynamic changes,
hyperglycemia, and hypertension [32]. Several other conditions are implicated in impaired
autoregulation in patients with T2DM, like the reduced contractile capability of retinal
pericytes, capillary basement thickening, and arteriolar hyalinosis, resulting in the direct
transmission of increased blood pressure to the retinal microvasculature [33]. According
to studies, hypertension can also cause oxidative stress and inflammation [36]. It appears
that the coexistence of hyperglycemia and hypertension can aggravate inflammation and
oxidative stress, both of which are pathogenic processes implicated in the development
and progression of DR.

Increased blood pressure has a role in the pathological changes of DR, participates in
the local renin–angiotensin system (RAS), and may damage retinal capillary endothelial
cells [27,37]. Although the exact mechanism of high blood pressure damage in patients
with DR is not fully understood, it is well known that chronic hyperglycemia via en-
dothelial dysfunction aggravates the blood–retinal barrier, resulting in impaired retinal
perfusion [38–40]. High blood pressure upregulates vascular endothelial growth factor
(VEGF), a potent angiogenic factor and essential growth factor for vascular endothelial
cells, which has a vital role in the presence and severity of DR. In addition, an increase in
angiotensin-II, observed in patients with hypertension, results in its binding to the AT-I
receptor that also upregulates the VEGF [41]. Finally, VEGF induces essential changes
related to DR development and progression, like basement membrane thickening, increased
vascular permeability, and neovascularization [42] (Figure 4).
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Although blood pressure control has protective effects on DR development and pro-
gression, the question is which blood pressure value is optimal for patients with DR. It
seems that targeting very low systolic and diastolic blood pressure (below 120/80 mmHg)
has no additional beneficial effects [43]. A combination of optimal blood pressure control
(SBP below 140 mmHg) and glucose control (HbA1C below 7.0%) significantly reduces
the probability of DR presence in patients with T2DM [44]. Normotensive patients with
T2DM must be screened for DR because about 20% of them have DR, and in those patients,
an increase in SBP is independently and significantly associated with DR development
and progression [17]. RAS inhibitors should be introduced after diagnosing hypertension
in patients with T2DM and DR because of their possible beneficial effects on DR. RAS
inhibitors not only decrease the risk of development and progression of DR but also in-
crease the possibility of DR regression, which is suggested in a meta-analysis that included
21 randomized clinical trials with 13,823 participants. Also, ACE inhibitors might be better
than angiotensin-receptor blockers in treating DR and are the drug of choice for those with
DR [45].

Although the prevalence of DN according to the eGFR category in our study was
relatively high (32.6%), DR was not associated with eGFR and ACR. Previous studies
observed a significant connection between DR and DN and proposed that DN precedes DR
in patients with T2DM [46]. High blood glucose, high systolic and diastolic blood pressure,
and duration of disease simultaneously connect the parallel development of DR and DN.
However, DR is present and may progress in about 30% of patients with type 1 diabetes and
strictly normal renal function (normoalbuminuria and eGFR over 60 mL/min/1.73 m2) [19].
In addition, many patients with T2DM and renal abnormalities (proteinuria and/or renal
insufficiency) showed no signs of DR [11].

In our study, no significant relation was obtained between the ACR and age, BMI,
serum lipids, SBP, and DBP. Although dyslipidemia is related to the pathogenesis of DN,
discordant associations of lipid parameters with albuminuria were found [47]. Also, obesity
is generally associated with increased ACR, although severe obesity compared with milder
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obesity status cannot predict the occurrence of increased ACR and microalbuminuria [48].
It is well known that the prevalence of chronic kidney disease and albuminuria rises with
age, although recent epidemiological studies suggest that the albuminuria-associated risk
of all-cause mortality and cardiovascular mortality is attenuated in elderly patients with
diabetes [49]. In addition, the interaction between albuminuria stages and age groups was
not significant in elderly individuals of various ages with diabetes [50].

The present study and results have several potential limitations. First, our study
was cross-sectional and included a limited number of patients with T2DM. Therefore, the
data must be confirmed in prospective studies with more patients. Second, we used a
single-office blood pressure measurement that cannot rule out hypertension in patients
with diabetes, for which ambulatory blood pressure can provide an excellent prognostic
benefit [51]. The procedure used in our study to diagnose the presence and severity of DR
and previously described blood-pressure-measurement deficiency may influence the final
results, making it difficult to compare findings between studies. Third, since our study
included only the white European population, there was no racial/ethnic diversity. Fourth,
a small number of DR predictors is also a study limitation.

In conclusion, the results of our study suggest that systolic and diastolic blood pressure
are independent risk factors for DR in patients with T2DM with and without DN. The
study was conducted on patients with satisfactory glucose control with T2DM. The result
of the study implies that we should regularly monitor blood pressure in patients with
T2DM, even in those without hypertension and with optimal glucose control, to prevent
the development of DR.
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