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Summary

Introduction. The aim of this study is analysis of cardiovascu-
lar risk in non-albuminuric and albuminuric patients with type
2 diabetes and diabetic kidney disease. Material and Methods.
The study included 136 patients with type 2 diabetes and chron-
ic kidney disease (estimated glomerular filtration rate <90 ml/
min/1.73 m?). Patients were divided into two groups: Group A
(patients without albuminuria) and Group B (patients with al-
buminuria). The cardiovascular risk was assessed through a
retrospective analysis of data from electronic medical records.
Results. We found statistically significantly more patients with
stage 3a (Group A: 10% vs. Group B: 54%) and stage 3b (Group
A: 7% vs. Group B: 13%; p<0.05) chronic kidney disease in the
albuminuric group. These patients also had a longer duration
of diabetes (Group A: 13.43+9.56 vs. Group B: 17.14£9.17 years;
p<0.05), a higher frequency of male subjects (Group A: 44%
vs. Group B: 63.9%; p<0.05) and a higher prevalence of smok-
ers. The presence of hypertension was significantly more fre-
quent in Group B (Group A: 89% vs. Group B: 97.2%; p<0.05).
There was no significant difference between the groups in terms
of age and metabolic control. However, coronary heart disease
(Group A: 36% vs. Group B: 55.6%; p<0.05), peripheral artery
disease (Group A: 16% vs. Group B: 22.2%; p<0.05), and stroke
(Group A: 5% vs. Group B: 22.2%; p<0.05) were significantly
more common in patients with type 2 diabetes and albuminuria.
Conclusion. The albuminuric phenotype of diabetic kidney
disease is associated with greater kidney function impairment,
a longer duration of diabetes, and a higher prevalence in men.
The presence of albuminuria significantly increases cardiovas-
cular risk in people with type 2 diabetes and chronic kidney
disease. Using renoprotective antihyperglycemic agents is es-
sential in this group of patients, as they have an increased mor-
tality risk.
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Sazetak

Uvod. Cilj ove studije je analiza kardiovaskularnog rizika kod
osoba bez albuminurije i osoba sa albuminurijom i sa tipom 2
dijabetesa i dijabetesnom boles¢u bubrega. Materijal i metode.
Studija je obuhvatila 136 bolesnika sa tipom 2 dijabetesa i
hroni¢nom bubreznom insuficijencijom (procenjena brzina
glomerulske filtracije < 90 ml/min/1,73 m?). Na osnovu prisustva
albuminurije, analiza je sprovedena u dve grupe: grupa A boles-
nici bez albuminurije i grupa B bolesnici sa albuminurijom.
Analiza kardiovaskularnog rizika je sprovedena retrospektivnom
analizom podataka iz istorija bolesti. Rezultati. Registrovano je
statisticki znacajno viSe pacijenata sa stadijumom 3a (A: 10% vs
B: 54%) 1 3b (A: 7% vs B: 13%; p < 0,05) hroni¢ne bubrezne in-
suficijencije u grupi pacijenata sa albuminurijom. U ovoj grupi
registrovano je znacajno duze trajanje dijabetesa (A: 13,43 +9,56
vs B: 17,14 £+ 9,17 godina; p < 0,05), znacajno veca ucestalost
muskog pola (A: 44,0% vs B: 63,9%; p < 0,05) i navike pusenja.
Takode registrovano je znacajno CeSc¢e prisustvo arterijske hi-
pertenzije (A: 89% vs B: 97,2%; p <0,05). U analiziranoj kohorti
pacijenti se nisu razlikovali u pogledu godina starosti i metabolicke
kontrole. Koronarna bolest je bila znacajno ¢esce prisutna kod
bolesnika sa tipom 2 dijabetesa i albuminurijom (A: 36,0% vs B:
55,6%; p < 0,05) kao i periferna vaskularna bolest (A: 16% vs B:
22,2%; p < 0,05) i cerebrovaskularni insult (A: 5% vs B: 22,2%;
p <0,05). Zakljuéak. Albuminuri¢ni fenotip dijabetesne bolesti
bubrega je pracen ve¢im stepenom ostecenja bubrezne funkcije,
duzim trajanjem dijabetesa i ¢eS¢i je kod muskaraca. Prisustvo
albuminurije zna¢ajno povecava kardiovaskularni rizik kod osoba
sa tipom 2 dijabetesa i hroni¢ne bubrezne bolesti u vidu cesée
pojave koronarne, periferne vaskularne bolesti i cerebrovaskular-
nog insulta. S obzirom da ove osobe imaju povecanu stopu mor-
taliteta neophodna je pravovremena terapija primenom renopro-
tektivnih antihiperglikemijskih lekova.

Kljuéne reci: kardiovaskularne bolesti; faktori rizika; dijabetes
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Abbreviations
T2D —type 2 diabetes
CVD — cardiovascular disease

CKD  —chronic kidney disease
DKD  — diabetic kidney disease

eGFR  —estimated glomerular filtration rate
BMI — body mass index

HbAlc - glycated hemoglobin

AST — aspartate aminotransferase

ALT — alanine aminotransferase

¢-GT  — gamma-glutamyl transpeptidase

LDL-C - low-density lipoprotein-cholesterol
HDL-C - high-density lipoprotein-cholesterol

TC — total cholesterol
TG — triglycerides

CRP — C-reactive protein
SD — standard deviation

SGLT2 - sodium-glucose cotransporter 2
Introduction

The number of people with diabetes, a multifacto-
rial disorder affecting the metabolism of carbohydrates,
lipids, and proteins, is increasing worldwide. Accord-
ing to the International Diabetes Federation (IDF) data
from 2021, an estimated 10.5% of the global population
lives with diabetes, and this number is expected to rise
to 12.2% by 2045. Diabetes is considered a direct cause
of more than 1.5 million deaths per year [1-3].

Type 2 diabetes (T2D) accounts for 90% of the glo-
bal burden and is considered the “equivalent of cardio-
vascular risk” [4]. Patients with T2D have a 2 to 4 times
higher risk of cardiovascular diseases such as coronary
heart disease, cerebrovascular and peripheral vascular
disease. Consequently, people with T2D face a sig-
nificantly increased risk of mortality, especially after
the age of 45 [5, 6]. This increased risk is associated
with insulin resistance and hyperinsulinemia, endothe-
lial dysfunction, dyslipidemia, hypertension, obesity,
hypercoagulability, and low grade inflammation.

Diabetic kidney disease (DKD) is clinically defined
as diabetes with persistent albuminuria (albumin-to-
creatinine ratio >30 mg/g) and/or a persistently low
estimated gzlomerular filtration rate (eGFR <60 mL/
min/1.73 m?) [7]. T2D is the leading cause of chronic
kidney disease (CKD) worldwide, and one-third of
diabetes patients suffering from (CKD). CKD is a ma-
jor risk factor for cardiovascular events in people with
T2D [3, 7]. The risk of cardiovascular diseases is 6-7
times higher in people with DK D, and the presence of
albuminuria significantly increases this risk [7-9]. The
first clinical manifestation of DKD is often the pres-
ence of albuminuria. However, it is now recognized
that, in addition to the classic clinical course, there can
also be a reduction in renal function in normoalbu-
minuric patients. Recent observations indicate that 20-
40% of T2D patients have reduced kidney function
even in the absence of pathological albuminuria. This
group of patients is identified as having the “non-albu-
minuric” phenotype of DKD. The pathogenesis of this
phenotype is unclear, but certain clinical and patho-
logical characteristics are hypothesized. Risk factors

for non-albuminuric DKD include female gender,
hypertension, active smoking, and the use of renin-
angiotensin-aldosterone system inhibitors [10—16].

The aim of this study was to analyze cardiovascu-
lar risk in non-albuminuric and albuminuric patients
with T2D and CKD during a retrospective study at the
Clinic for Endocrinology, Diabetes and Metabolic
Diseases of the University Clinical Center of Serbia.

Material and Methods

This retrospective study was conducted at the Clin-
ic for Endocrinology, Diabetes and Metabolic Diseas-
es of the University Clinical Center of Serbia in Bel-
grade. Initially, the study included 267 patients with
type 2 diabetes (T2D) who were hospitalized at the
Department for Metabolic Disorders, Intensive Treat-
ment and Cell Therapy in Diabetes from 2018 to 2022.
After excluding patients with normal kidney function
(eGFR >90 ml/min/1.73 m?), we analyzes 135 patients
with CKD. These patients were divided into two
groups: patients without albuminuria (group A, N=100)
and patients with albuminuria (group B, N=35). Albu-
minuria was verified as albumin excretion rate of 30-
300 mg/24 h in two separate samples, in the absence
of urinary tract infection.

We recorded anthropometric data, including body
mass index (BMI), calculated as BMI=weight (kg)/
height (m?), and socio-epidemiological data, includ-
ing age, gender, duration of diabetes, smoking habits,
and presence of arterial hypertension. We also noted
current therapies for diabetes, hypertension and dy-
slipidemia.

Biochemical parameters recorded included gly-
cated hemoglobin (HbA1c), hemoglobin, aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), gamma-glutamyl transpeptidase (g-GT),
low-density lipoprotein-cholesterol (LDL-C), high-
density lipoprotein-cholesterol (HDL-C), total cho-
lesterol (TC), triglycerides (TG), creatinine, uric
acid, and C-reactive protein (CRP).

We documented the presence of chronic compli-
cations of diabetes, including macrovascular compli-
cations (coronary artery disease, stroke, and periph-
eral vascular disease) and microvascular complica-
tions (nephropathy, neuropathy and retinopathy).

The glomerular filtration rate (GFR) was calcu-
lated using the MDRD (Modification of Diet in
Renal Disease Study) equation, based on gender,
age, race and serum creatinine values. CKD stages
were defined as follows: stage 1 without kidney
failure (¢GFR>90 ml/min/1.73 m?), stage 2 (¢éGFR
60-89 ml/min/1.73 m?), stage 3a (eGFR 40-59 ml/
min/1.73 m?), stage 3b (eGFR 30-44 ml/min/1.73
m?), stage 4 (€GFR 15-29 ml/min/1.73 m?) and stage
5 (eGFR<15 ml/min/1.73 m?).

Data were analyzed using Statistical Package for
the Social Sciences (SPSS) software (Advanced Sta-
tistics, version 22.0, Chicago, IL, USA). Data are
presented as mean+standard deviation (SD), median,
and frequencies (%).Normal distribution was tested
using the Kolmogorov-Smirnov test. Differences
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Table 1. Socio-demographic and anthropometric characteristics of patients with T2D and CKD (mean + standard
deviation or frequency).

Tabela 1. Socio-demografske i antropometrijske karakteristike osoba sa tipom 2 dijabetesa i hronicnom bubreznom
insuficijencijom (aritmeticka sredina + standardna devijacija ili ucestalost)
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Parameter/Parametar Group A/Grupa A Group B/Grupa B Significance/Znacajnost
Age (years)/Starosna dob (godine) 67.03+9.74 68.58+9.46 p=NS

Sex (M/F)/Pol (M/Z7) 44/56% 63.9/36.1% p<0.05
Diabetes duration (years

Duzina trajanja di]('Zbetezva (godine) 13.4329.56 17.1429.17 p<0.05

BMI (kg/m?)/ITM (kg/m?) 30.7+2.1 31.4+1.7 p<0.05
Smoking/Pusenje 26% 33.3% p<0.05

Arterial hypertension/Hipertenzija 89% 97.2% p<0.05

Legend: BMI - body mass index; Legenda: ITM — indeks telesne mase

were tested for significance using Student’s #-test, for
numeric characteristics and Mann-Whitney U test
for nonparametric data. The chi-square test was used
for categorical characteristics. A two-sided p- value
<0.05 was considered statistically significant.

Results

The socio-demographic and anthropometric
characteristics of the patients are shown in Table 1.

There was a significant difference in the duration
of diabetes, with a statistically longer duration record-
ed in the group with albuminuria (Group A: 13.43+9.56
years vs. Group B: 17.14+9.17 years; p<0.05). Addition-
ally, a statistically significantly higher frequency of
male subjects was registered in a group of patients
with T2D and albuminuria (Group A: 44% vs. Group
B: 63.9%; p<0.05). There was no significant difference
in age among the patients (Group A: 67.03+9.74 years
vs. Group B: 68.58+9.46 years; p>0.05). Both groups
were overweight or obese, with no statistically sig-
nificant difference in BMI (Group A: 30.7£2.1 vs.
Group B: 31.4+£1.7, p>0.05).

A statistically significant higher frequency of
smokers was found in albuminuric patients with T2D
(Group A: 26% vs. Group B: 33.3%; p<0.05).

eGFR stage
eGFR stadijum

Stage 2
.Stadijum 2

Stage 3a
® Stadijum 3a

Stage 3b
¥ Stadijum 3b

Stage 4
Stadijum 4

Graph 1. eGFR stages in patients with T2D and CKD
without albuminuria

The values are presented as frequencies.

Grafikon 1. eGFR stadijumi kod osoba sa tipom 2 dijabetesa
i hronicnom bubreznom insuficijencijom bez albuminurije
Vrednosi su prikazane kao ucestalosti.

In the group of patients without albuminuria
(Group A), the highest percentage of patients had
stage 2 CKD (82%), followed by stage 3a (10%), stage
3b (7%), and stage 4 (1%) (p<0.05). In contrast, in the
group of patients with albuminuria (Group B), 27.8%
had stage 2, 47.2% had stage 3a, 11.1% had stage 3b,
and 13.9% of patients had stage 4 CKD (p<0.05).
Terminal stage CKD was not recorded in either group.

Analyses revealed a significant difference in aver-
age eGFR value between the groups, with a signifi-
cantly lower eGFR observed in the group of patients
with albuminuria (Group A: 53.78+9.24 vs. Group B
69.136+9.37, p<0.05),as shown in Graphs 1 and 2.

The albuminuric group also had significantly
higher creatinine (Group A: 89.66+26.51 vs. Group
B: 124.53£49.44 umol/L; p<0.01) and uric acid levels
(Group A: 337.67+81.65 vs. Group B: 372.82+87.66
mmol/l; p<0.05), as shown in Table 2.

There were no differences in the parameters of
long-term metabolic control, such as HbAlc (Group
A: 9.73£2.11 vs. Group B: 9.24+1.85; p>0.05).

Similarly, the lipid profile parameters showed no
statistically significant differences between the group
(TC: 4.63+1.17 vs. 4.2841.03; LDL-C: 4.18+1.51 vs.
2.33+0.81; HDL-C: 1.07+0.31 vs. 0.96+0.27; TG:

eGEFR stage

eGFR stadijum Stage 2

.Stadijum 2
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Graph 2. eGFR stages in patients with T2D and CKD
with albuminuria

The values are presented as frequencies.

Grafikon 2. eGFR stadijumi kod osoba sa tipom 2 dijabetesa
i hronicnom bubreznom insuficijencijom sa albuminurijom
Vrednosti su prikazane kao ucestalosti.
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Table 2. Metabolic and biochemical parameters of patients with T2D and CKD (mean + standard deviation or

frequency).

Tabela 2. Metabolicki i biohemijski parametri kod osoba sa tipom 2 dijabetesa i hronicnom bubreznom insuficijen-
cijom (aritmeticka sredina £standardna devijacija ili ucestalost)

Parameter/Parametar

Group A/Grupa A  Group B/Grupa B Significant/Znacajnost

Creatinine values/Vrednosti kreatinina (umol/L) 89.66+26.51 124.53+49.44 p<0.01
Uric acid/Mokracna kiselina (mmol/l) 337.67£81.65 372.82+87.66 p<0.05
Glycated haemoglobin

Gl?lkozilirani hen%oglobin (HbAlc) 9.73£2.11% 9.2441.85% p=0.05
Total cholesterol/Ukupni holesterol (mmol/l) 4.63+1.17 4.28+1.03 p>0.05
LDL cholesterol/LDL holesterol (mmol/l) 4.18+1.51 2.3340.81 p>0.05
HDL cholesterol/HDL holesterol (mmol/l) 1.07+0.31 0.96+0.27 p>0.05
Triglycerides/Trigliceridi (mmol/l) 2.23%1.15 2.35+1.34 p>0.05
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Group A/Grupa A Group B/Grupa B

" Retinopathy/Renitopatija
" Neuropathy/Neuropatija
Coronary heart disease/Koronarna bolest
* Peripheral artery disease/ Periferna vaskularna bolest
* Stroke/Slog

Graph 3. Micro- and macrovascular complications in
patients with T2D and CKD

The values are presented in percentages. p<0.05; Group A — in-
dividuals with T2D without albuminuria; Group B — individuals
with T2D and albuminuria

Grafikon 3. Ucestalost mikrovaskularnih i makrovasku-
larnih komplikacija kod osoba sa tipom 2 dijabetesa i
hronicnom bubreznom insuficijencijom

Vrednosti su prikazane u procentima. p < 0,05; Grupa A — osobe
sa tipom 2 dijabetesa bez albuminurije; Grupa B — osobe sa tipom
2 dijabetesa i albuminurijom

2.23£1.15 vs. 2.35£1.34 mmol/l; p>0.05), as shown in
Table 2.

Hypertension was significantly more frequent
in patients with T2D and albuminuria (Group A:
89% vs. Group B: 97.2%; p<0.05), and these pa-
tients were more often on antihypertensive therapy
(Group A: 89.0% vs. Group B: 97.2%; p<0.05).
However, there were no statistically significant dif-
ferences in systolic (Group A: 131.95£16.69 vs.
Group B: 131.39418.96 mmHg; p>0.05) or diastolic
blood pressure (Group A: 78.15£9.58 vs. Group B:
77.36+10.92 mmHg; p>0.05) between the groups.

A significantly higher number of patients with
T2D and albuminuria used aspirin (Group A: 53.0%
vs. Group B: 60%; p<0.05) and statins (Group A:
48% vs. Group B: 63.9%; p<0.05). However, there
was no statistically significant difference in the cur-
rent diabetes therapies (metformin, sulphonylureas
and insulin) between the groups.

Coronary heart disease was significantly more
prevalent in patients with T2D and albuminuria (Group

A: 36% vs. Group B: 55.6%; p<0.05) as were periph-
eral artery disease (Group A: 16% vs. Group B: 22.2%;
p <0.05) and stroke (Group A: 5% vs. Group B: 22.2%;
p<0.05), as shown in Graph 3. The presence of atrial
fibrillation was similar between the groups (Group A:
9.0% vs. Group B: 8.3%; p>0.05).

Additionally, retinopathy was more frequent in pa-
tients with T2D and albuminuria (Group A: 24% vs.
Group B: 41.7%; p<0.05), while neuropathy was more
common in patients with T2D without albuminuria
(Group A: 57% vs. Group B: 47.2%), as illustrated in
Graph 3.

Discussion

Our study compared patients with T2D and reduced
kidney function (€GFR <90 ml/min/1.73 m?) between
those with albuminuric and non-albuminuric pheno-
types. We analyzed various parameters including age,
gender, diabetes duration, glomerular filtration rate,
creatinine and uric acid levels, lipid profile, presence
of hypertension, smoking habits, HbAlc levels, use of
aspirin and statintherapy, current diabetes therapy, and
macrovascular and microvascular complications.

Previous studies have established that T2D is lead-
ing major independent risk factor for chronic kidney
disease. Persistent hyperglycemia leads to renal in-
flammation and tubulointerstitial fibrosis, progres-
sively reducing kidney function [17]. This underscores
the importance of regular kidney function monitoring
and risk factor management in T2D patients.

Our findings indicate that T2D patients with the
albuminuric phenotype have a significantly longer
duration of diabetes and on lower average eGFR
values, with a higher prevalence of advanced CKD
stages. Despite the extended diabetes duration (over
15 years in both groups), none had progressed to
end-stage of renal disease. This aligns with previous
research suggesting that T2D with CKD and albu-
minuric phenotype is more prevalent in males [17].

Cardiovascular risk increases with the diabetes
duration, and CKD exacerbates the risk in T2D pa-
tients [18]. Reduced eGFR independently heightens
the risk of cardiovascular complications, including
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recurrent myocardial infarctions, left ventricular
dysfunction and conduction disorders [19-21].

Our study found that participants with the albu-
minuric phenotype had a longer diabetes duration
and higher incidence of coronary artery disease,
peripheral artery disease, and stroke.

Low-density lipoprotein cholesterol is a known
independent cardiovascular risk factor, with current
guidelines targeting levels below 1.8 mmol/L or
50% reduction from baseline [22, 23].

Despite comparable levels of total cholesterol,
LDL cholesterol and triglycerides between the two
groups, and higher statin usage in the albuminuric
group, neither group achieved the target LDL levels.

The lack of difference in HbAlc levels, which
were unsatisfactory, may be attributed to poor gly-
cemic control, the primary reason for hospitaliza-
tion of these patients.

Hypertension is another independent cardiovas-
cular risk factor, particularly in T2D patients with
albuminuria. A meta-analysis of 40 clinical studies
highlighted that every 10 mmHg reduction in systo-
lic blood pressure significantly reduces the cardio-
vascular event frequency [24]. Current guidelines of
the American Diabetes Association emphasize con-
trolling all cardiovascular risk factors in T2D patients
to prevent complications [23]. Effective management
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includes high-potency stains, lipid profile, antihy-
pertensive treatment and strict blood pressure control
aiming for targets below 130/80 mmHg [22, 23].
Microvascular complications, specifically retin-
opathy, were significantly more prevalent in T2D and
CKD patients with the albuminuric phenotype.
These findings highlight the need for stringent
cardiovascular risk management in this group to pre-
vent CKD progression and cardiovascular complica-
tions. Achieving adequate glycemic control through
antihyperglycemic agents with cardio-renal benefits,
such as sodium-glucose cotransporter 2 (SGLT2) in-
hibitors, is crucial for these patients, particularly those
with the albuminuric phenotype of DKD [22-26].

Conclusion

The prevalence of albuminuric phenotype of dia-
betic kidney disease increases with the duration of
diabetes and is more common among males. The pres-
ence of albuminuria significantly elevates the cardio-
vascular risk in individuals with type 2 diabetes and
chronic kidney disease, manifesting as higher inci-
dence coronary artery disease, peripheral artery dis-
ease, and stroke. Therefore, it is essential to use reno-
protective antihyperglycemic agents in this group of
patients to mitigate the increased mortality risk.
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