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Abstract. Gender-associated features in diabetic kidney disease. Safarova S.S. Diabetic kidney disease (DKD) is the
leading cause of end-stage renal failure. Evidence indicates gender differences in the progression of this disease. This
study aimed to determine gender differences in prevalence and identify gender-associated risk factors contributing to the
development of diabetic kidney disease in individuals with type 2 diabetes mellitus (T2DM). The cross-sectional study
included 132 patients with T2DM ranging in age from 50 to 65 years. Subjects were stratified by sex (80 women and
52 men). Gender differences have been studied in relation to the incidence and prevalence of DKD, their phenotypes and
clinical manifestations, and several risk factors that have different effects on both sexes. The outcome of clinical kidney
Sfunction assessment showed that 70% subjects were diagnosed with DKD (71% of women and 67% of men). The study
indicated an association between the duration of T2DM and urinary albumin levels, as well as between arterial
hypertension and triglyceride levels, which are independent risk factors for DKD development. Notably, older women
with T2DM have a higher prevalence of DKD than older men. The albuminuric component of DKD was more frequently
observed in men. Additionally, men were more likely to have adverse risk factors, including dyslipidemia, lower high-
density lipoprotein cholesterol, and glomerular filtration rate, which are factors involved in the mechanisms of DKD. In
summary, the results indicate that: 1) women with type 2 diabetes mellitus are at a higher risk of developing a
normoalbuminuric phenotype of diabetic kidney disease, while men are at a higher risk of developing an albuminuric
phenotype of diabetic kidney disease leading to renal failure and end-stage renal disease; 2) gender differences are most
noticeable among older adults and may have significant implications for the development of more effective diagnostic
and treatment methods for diabetic kidney disease, tailored to individual needs.

Pedepar. I'enaepHo-acouiiioBani ocoduBocTi npu aiaderunyHiii xBopodi Hupok. Cadaposa C.C. [Jiabemuuna
x60poba nupok ([[3H) € 0cnosHOo0 npuduHOi0 MepMIHATbHOI HUPKOGOT Hedocmamuocmi. [lokasu exazyioms Ha 2eHOepHi
GIOMIHHOCMI 6 NPO2PECYBAHHI YbO2O 3aX80PI0SaHHA. Lle 00Ccniodicen st Mo Ha Memi SUSHAYUMU 2eHOEPHI BIOMIHHOCMI
6 NOWUPEHOCTNI MA BUABUMU 2eHOEPHO-ACOYILOBANT PAKMOPU PUSUKY, WO CRPUAIOMb PO3BUMKY diabemuunoi Xeopoou
HUPOK 6 ocib i3 yykposum diabemom 2 muny (L] 2 muny). [lepexpecre docniodcenns exnrouano 132 nayienmis 3 L[J[2
sikom 6i0 50 0o 65 poxig. Cyb'ekmu Oyau cmpamugixosani 3a cmammio (80 dcinok i 52 yonosiku). ['enoepni
giOMinHOCMI Oy 8UEUeHT w000 3axeoprogarocmi ma nowupernocmi /[3H, ix penomunis i K1iHiyHUX Npos6i6, a MAKOHC
KIIbKOX hakmopie pusuky, sKi Maroms pisHull 6naue Ha oouosi cmami. Pesynomamu KuiHiuHOL oyinKu yHKYii HUPOK
nokasanu, wo 6 70% cy6’exmig diacnocmosano JJ3H (71% owcinok i 67% uonogikis). Jocriodicenns nokazano 36 's30K
mixe mpuganicmio L[J[ 2 muny ma pieHem anvOyMiny 6 ceui, @ MAKONC MIdHC apmepianrbHOlo 2inepmeH3ielo ma pieHem
mpueniyepuois, sKi € HezanedcHuMu gaxmopamu pusuxky pozeumky /[3H. [Ipumimno, wo nimui scinku 3 L{J] 2 muny
maroms Oineuty nowupericms /[3H, misrc nimmui yonogiku. Anboyminosuil komnonenm J3H uacmiwe cnocmepizagcs 6
yon06ixie. Kpim moeo, uonosixu uacmiute Maiu HeCHPUSIMaUGE (aKmopu pusuxy, eKIOYAYU OUCIINIOemilo, HU3bKUL
pisenb xonrecmepuny Jnonpomeinie UCOKol WilbHOCMI Ma WeUOKicmy Kiyboukosol (inempayii, sKi € akmopamu,
sanyyenumu ¢ mexanizmu J[3H. 'V niocymky pezynomamu noxasyioms, wo: 1) acinku 3 yykpoeum diabemom 2 muny
Maromo GUWUL PUSUK POZGUMKY HOPMOALbOYMIHYPUUHO20 (enomuny diabemuunoi X6opodu HUpoK, mooi AK YOL08IKU
MAomeb GUWUIL PUSUK DO3BUMKY ANbOYMIHYDUUHO20 ¢heHomuny 0iabemuyHoi X60podu HUPOK, WO HPpu3800ums 00
HUPKOBOT He0OCmamHoCmi ma mepMiHaibHOl cmaodii HUPKO8oi Hedocmamuocmi, 2) 2eHOepHi GIOMIHHOCI HAUOIIbU
NOMImHI ceped NH00etl NOXUN020 GIKY Ma MONCYIMb MAMU 8elUKe 3HAYEHHs O/l pO3pOOKU Db eqheKMUBHUX Memooie
diaeHocmuKy ma NiKy8auHs 0ia0emuyHo20 3aX80PIOBAHHS HUPOK, A0ANMOBAHUX 00 IHOUBIOYAIbHUX nompeD.

The prevalence of diabetic kidney disease (DKD) approximately twice as high as in patients without
in patients with type 2 diabetes mellitus (T2DM) is  diabetes, despite universal or targeted screening and
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new medications [1]. DKD presents with albuminuria
and also reduces renal filtration function, and is
ultimately characterized by a progressive decline in
estimated glomerular filtration rate (eGFR) toward
end-stage renal disease (ESRD) [2]. In addition to the
classic albuminuria phenotype, two new albuminuria-
independent phenotypes have emerged: a) “normoal-
buminuric chronic kidney disease”; b) “progressive
renal decline”, which suggests that progression from
DKD to ESRD may occur through two different
pathways —albuminuric and non-albuminuric [3]. The
absence of gender-specific data in previous studies
has resulted in the assumption that the connection
between risk factors and DKD outcomes is identical
for both men and women. Nevertheless, in recent
years, an increasing amount of data has surfaced,
confirming the presence of clinically significant
gender disparities in the associations between specific
risk factors for the onset of DKD in T2DM [4].

Gender differences in the association between risk
factors and diabetes may not only be important for the
early diagnosis of DKD, but may also influence the
selection of appropriate treatment that will
significantly improve kidney function and reduce the
risk of death [5].

Aim — to determine gender differences in preva-
lence and identify gender-associated risk factors
contributing to the development of diabetic kidney
disease in individuals with type 2 diabetes mellitus.

MATERIALS AND METHODS OF RESEARCH

Research Subjects

This cross-sectional study included 132 patients
with T2DM, comprising 80 (61%) women and 52
(39%) men, aged between 45 and 65 years. The study
was conducted at the Clinical Centre of the Medical
University between 2020 and 2021.

Inclusion and exclusion criteria

According to the following inclusion and ex-
clusion criteria outlined below, were determined
participants of the research study were determined:
patients aged 50-65 years with T2DM who were
using oral hypoglycemic drugs (Metformin) or in-
sulin therapy. Exclusion criteria: dialysis treatment
for more than 1 month, polycystic kidney disease,
organ or bone marrow transplantation, use of immu-
nosuppressive drugs for kidney disease within the last
6 months, chemotherapy for 2 years, significant
cardiovascular conditions, and liver cirrhosis.

Measuring Methods

All patients enrolled were assessed for general
characteristics including gender, age, height, weight,
body mass index (BMI), renal ultrasound and blood
pressure measurement. Hypertension was diagnosed
as average systolic/diastolic blood pressure
> 140/90 mmHg, or use of antihypertensive medica-

24/Tom XXIX/3

tion (angiotensin-converting enzyme inhibitors and
beta-blockers). Among women, menopause status
was accorded to the World Health Organization’s
definition of menopause [6]. Laboratory tests were
performed to measure their serum lipid profile, total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL), low-density lipoprotein cholesterol (LDL),
triglycerides (TG), creatinine, blood sugar awareness,
glycated hemoglobin (HbAlc), insulin measured
using electrochemiluminescence assay (Roche Diag-
nostics). The estimated glomerular filtration rate
(eGFR) was calculated using the CKD-EPI formula
[1, 5] and calculated Homeostasis model assessment
index of insulin resistance index (HOMA-IR).

Ethical approval

The study protocol was approved by the Bio-
medical Ethics Committee of Azerbaijan Medical
University (extract from the minutes of the meeting
No. 02/14 dated 10/14/2018), and informed consent
was obtained from all subjects. The study was
conducted in accordance with the Declaration of
Helsinki of the World Medical Association (World
Medical Association Declaration of Helsinki).

Data analysis

The data were analyzed using IBM SPSS Statistics
software for Windows (version 23, Chicago, IL, USA).
Data were summarized using mean (M)=+ standard
deviation (SD); analysis was performed using the
Mann-Whitney U test; the relationship between various
characteristics in the study sample was determined
using the Spearman correlation coefficient (r); statistical
significance was accepted at p<0.05 [6].

RESULTS AND DISCUSSION

The outcome of the clinical assessment of kidney
function revealed that 92 (70%) patients had DKD,
with 57 (71%) out of 80 women and 35 (67%) out of
52 men being affected. The characteristics of all
132 patients are detailed in Table.

End-stage renal failure, as per the MDRD
equation (http://www.mdrd.com/), with an eGFR
below 30 ml/min/1.73 m? was detected in 13 patients
(10%). An increase in serum creatinine concentration
was observed in 16 patients (12%) (6 women and
11 men). Among the patients, 59 (73.8%) women and
20 (38.5%) men did not exhibit albuminuria. Com-
pared with patients with albuminuria but without
renal failure, patients with nonalbuminuric renal
failure were notably older, with the majority being
women. The prevalence of microalbuminuria was
higher in men with T2DM compared to women
(p<0.001). Therefore, male gender is an independent
risk factor for developing the albuminuric phenotype
of DKD. A decrease in eGFR <60 ml/min and/or
micro/macroalbuminuria was present in 67.3% of men
with T2DM (38.4% isolated micro/macroalbuminuria,
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5.8% isolated low eGFR, 23.1% both) and 43.5% of
women with T2DM (16.4% micro/macroalbumi-
nuria, 15.3% isolated low eGFR, 11.8% both). In
women, low estradiol was directly associated with
change in GFR (r=0.481, p=0.02). It was found that
the longer duration of diabetes (r=0.243, p=0.01 in
men vs. r=0.409, p=0.03 in women, respectively) and
the younger age (r=0.297, p=0.04 in men vs. r=0.344,
p=0.05 in women, respectively) are strongly asso-
ciated with microalbuminuria. High triglyceride le-
vels (r=0.277, p=0.01 in men vs. r=0.351, p=0.04 in
women, respectively) and systolic blood pressure
(r=0.378, p=0.04 in men vs. r=0.446, p=0.02 in

women, respectively) were correlated with high BMI
levels. Correlation analysis revealed statistically
significant relationships between the amount of
albuminuria and the levels of triglycerides and glu-
cose in the venous blood in a subgroup of men. In
women, a relationship was found between eGFR and
systolic blood pressure and BMI (r=0.563, p=0,042).
When evaluating correlations, it was discovered that
age, blood pressure, duration of diabetes, fasting
plasma glucose concentration, and HbAlc values
were associated with the incidence of DKD in
patients with T2DM.

Characteristics of the sample of patients with type 2 diabetes mellitus, (M £+ SD)

Characteristic Women n=80 Men n=52 p
Age (years) 55.3+2.6 54.1+3.8 ns
BMI (kg/m2) 31.2+2.4 29.7+3.3 <0.05
Duration of DM (years) 8.3+4.6 9.6+2.4 <0.01
HbAlc, (%) 7.3£1.5 7.6+2.8 <0.05
Glucose, mg/dL 154.9+45.1 187.5+58.3 <0.005
Insulin, ME/l 9.4+8.6 3.7£1.5 <0.005
HOMA-IR 4.2+2.2 2.7+1.8 <0.01
Hypertension, (%) 23 (27.1) 20 (38.6) ns
Heart Disease, (%) 13 (15.3) 10 (19.2) ns
Oral Treatment only, (%) 39 (48.8) 18 (34.6) <0.001
Insulin Treatment only, (%) 16 (20) 12 (23.1) <0.05
Oral and Insulin treatment, (%) 25 (31.2) 22 (42.3) <0.05
Total cholesterol, mmol/L 5.8+0.9 6.2+1.1 ns
Triglycerides, mmol/L 1.76+0.3 2.18+0.7 <0.01
HDL, mg/dL 53.32+23.7 51.70+90.6 ns
LDL, mg/dL 138.32+23.7 141.70+90.6 <0.05
Microalbuminuria, mg/L 185+12.4 268+19.5 <0.001
eGFR (ml/min/1.73 m%) 73.14£9.3 61.5+7.6 <0.005

A comprehensive assessment of the condition of
patients with T2DM revealed that the prevalence of
DKD in elderly women is higher than in elderly men.
This is likely due to women living longer than men,
with age and postmenopausal status modifying the
association between sex and DKD [8]. Men were
more likely to have an albuminuric component of

120

DKD compared to women. Additionally, men were
more likely to have adverse risk factors, such as
dyslipidemia, lower HDL cholesterol, and lower
eGFR, which are identified as factors involved in the
mechanisms of DKD. This suggests that male gender
is an independent risk factor for end-stage renal
disease [9]. According to the findings, women with
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T2DM are at a higher risk of developing a normo-
albuminuric phenotype of DKD, while men are at
greater risk of developing an albuminuric phenotype
of DKD leading to renal failure and end-stage renal
failure, especially in old age. These data indicate that
male sex significantly influences the progression of
renal dysfunction, while younger premenopausal
women are at a lower risk of developing DKD, likely
due to the protective role of estrogens against renal
failure [10]. In postmenopausal women, DKD was
associated with a decrease in eGFR, which is evi-
dently linked to oxidative stress and damage to the
glomeruli and tubules. It has been suggested that
postmenopausal estrogen deficiency may contribute
to the progression of glomerulosclerosis, thereby
exacerbating the harmful effects on the kidneys [11].

Of all the risk factors analyzed in our study, the
strongest association was found between the duration
of diabetes and DKD in both sexes. In addition to the
significant influence of T2DM, the risk of developing
ESRD is associated with obesity, which is an
independent predictor of DKD in individuals with
type 2 diabetes [12]. Women have been found to have
higher BMI and obesity compared to men of the same
age, which may also contribute to gender differences
in the development of DKD. Obesity causes a state of
hyperfiltration, which, if maintained over time, can
lead to a decrease in eGFR, as seen in diabetic
nephropathy. Notably, overweight and obese women
are at a higher risk of developing hypertension
compared to overweight and obese men. Research
indicates that the prevalence of hypertension in-
creases over the age of 60 and in women after meno-
pause [13]. Decrease in estradiol levels after meno-
pause is associated with changes in the lipid profile
and the accumulation of abdominal fat. Therefore,
changes in estradiol levels may lead to disturbances
in metabolism and adipocyte physiology, contri-
buting to obesity. Higher body weight is associated
with an increased risk of developing hypertension,
which is linked to increased sympathetic activity,
increased angiotensin-converting enzyme 2 pro-
duction and renin release, resulting in adrenal
aldosterone production and subsequent sodium
retention [6]. Men, in particular have been reported to
have higher renin activity than women, regardless of
age and ethnicity. Increased visceral fat is associated

with increased inflammatory mediators, increased
oxidative stress, and decreased endothelial vasodi-
lation. These pathophysiological changes lead to
disruptions of the mechanisms of pressure natriuresis,
glomerular hypertension, endothelial dysfunction,
vasoconstriction, and matrix proliferation [14].

The prevalence of DKD in T2DM is high world-
wide, and to reduce it, it is necessary to identify po-
tential risk factors for the development of DM and its
complications [15]. Age, BMI, arterial hypertension,
triglyceride concentration, urinary protein concen-
tration, plasma albumin concentration, and duration
of diabetes mellitus in patients with DKD were iden-
tified as potential risk factors in the present study. The
prevalence of DKD in T2DM was found to be higher
in older patients. The study showed an association
between the duration of diabetes mellitus and urinary
albumin levels, as well as arterial hypertension and
triglyceride levels, which are independent risk factors
for the development of DKD in T2DM [16].

Thus, screening of renal function and related
clinical and laboratory parameters in patients with
T2DM should be carried out in the early stages to
prevent further deterioration of renal function and
progression to end-stage renal disease [17]. Although
the role of biological gender is not yet fully under-
stood, the data from this clinical study demonstrate
the importance of understanding the gender effect and
the mechanisms underlying DKD in T2DM that
require further study [18].

CONCLUSION

1. Women with type 2 diabetes mellitus are at a
higher risk of developing a normoalbuminuric pheno-
type of diabetic kidney disease, while men are at a
higher risk of developing an albuminuric phenotype
of diabetic kidney disease leading to renal failure and
end-stage renal disease.

2. Gender differences are most noticeable among
older adults and may have significant implications for
the development of more effective diagnostic and
treatment methods for diabetic kidney disease, tailo-
red to individual needs.
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