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Chronic kidney disease (CKD) as one of the most common complications of type 2 diabetes mellitus 
(T2DM) significantly increases the risk of cardiovascular disease and mortality. Mitochondrial dysfunction, 
in particular a reduction in mitochondrial DNA copy number (mtDNA-CN), plays an important role in the 
development of diabetic complications, including nephropathy. The aim of this study was to determine the 
mtDNA-CN in peripheral blood leukocytes of patients with T2DM depending on the presence of CKD. A to-
tal of 109 individuals were examined, including 20 healthy controls and 89 patients with T2DM divided into 
groups based on the presence or absence of CKD. The mtDNA-CN in leukocytes was determined using quanti-
tative real-time PCR. Biochemical markers of T2DM and CKD were evaluated, non-parametric tests and cor-
relation analysis were performed. No statistically significant differences in mtDNA-CN level were observed 
between patients with T2DM and CKD, patients with T2DM without CKD, and the control group (P > 0.05). 
No associations between mtDNA-CN and kidney function parameters were identified. The absence of mtDNA-
CN alterations is assumed to contribute to the  relatively satisfactory glycemic control in diabetic groups.

K e y w o r d s: type 2 diabetes mellitus, chronic kidney disease, mitochondrial DNA, mtDNA copy number, 
leukocytes.

C hronic kidney disease (CKD) is a common 
complication of type 2 diabetes mellitus 
(T2DM) and plays a key role in increasing 

cardiovascular risk and mortality among diabetic 
patients [1]. According to epidemiological studies, 
CKD develops in 30–40% of individuals with dia-
betes, highlighting the importance of investigating 
its pathogenesis and progression mechanisms [2]. 
Despite modern advances in the treatment and pre-
vention of CKD, it remains the leading cause of end-
stage renal disease and the need for renal replace-
ment therapy worldwide [3].

Mitochondrial dysfunction is recognized as a 
critical factor in the pathogenesis of diabetes and its 
complications, particularly kidney involvement. One 
of the key biomarkers of mitochondrial function is 
mitochondrial DNA copy number (mtDNA-CN) in 
leukocytes. A decreased mtDNA-CN may indicate 

impaired energy metabolism, increased oxidative 
stress, and chronic inflammation [4-8].

Previous studies have demonstrated reduced 
mtDNA-CN levels in leukocytes in diabetes and its 
complications, including retinopathy, cardiomyo-
pathy, and nephropathy [9]. The kidneys are highly 
energy-dependent organs due to the reabsorption 
processes that require substantial ATP. Although 
kidneys represent less than 1% of total body mass, 
they consume nearly 10% of the body’s oxygen re-
quired for cellular respiration. Accordingly, the kid-
neys contain a high number of mitochondrial DNA 
copies. Mutations or reductions in mtDNA-CN can 
lead to bioenergetic deficiencies associated with 
CKD development [9].

Mitochondrial DNA is present in all nucleated 
cells (as well as platelets) and is particularly abun-
dant in cells with high-energy needs, such as kidney 
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cells. Measurement of mtDNA-CN in blood leuko-
cytes can indirectly reflect mtDNA-CN in various 
tissues, including the kidneys [10]. Studies investi-
gating mtDNA-CN in patients with CKD suggest 
its potential prognostic value for adverse clinical 
outcomes. Some findings indicate that reduced mtD-
NA-CN is correlated with a decline in glomerular 
filtration rate (GFR) and elevated serum creatinine 
in patients with CKD; however, results remain in-
consistent [11]. These discrepancies may be due 
to differences in patient populations, methods for 
mtDNA-CN quantification, and other mitochondrial 
function-modifying factors.

A reduced mtDNA-CN has also been associat-
ed with an increased risk of mortality and infections 
in large CKD cohorts [12]. Determining mtDNA-CN 
levels in the blood leukocytes of patients with T2DM 
and CKD may help elucidate the underlying patho-
physiological mechanisms and could serve as a po-
tential biomarker for disease progression. Moreover, 
mtDNA-CN might be considered a predictive factor 
for CKD development, enabling a more personalized 
treatment approach and early identification of indi-
viduals at high risk of renal dysfunction [8, 11, 13].

However, current evidence regarding the role of 
mtDNA-CN in CKD development remains inconclu-
sive and warrants further investigation.

The aim of the study was to determine the 
mtDNA copy number in blood leukocytes of patients 
with T2DM depending on the presence of CKD.

Materials and Methods

The study was conducted in accordance with 
ethical standards and the principles of the Declara-
tion of Helsinki. All participants received detailed 
written information about the study prior to inclu-
sion. The study protocol, patient information sheet, 
and informed consent form were reviewed and ap-
proved by the Institutional Ethics Committee (pro-
tocol No 1 of 10.01.2022). All individuals included in 
the study voluntarily signed informed consent forms 
before participation.

A total of 109 individuals were enrolled in the 
study, including 89 patients with type 2 diabetes 
mellitus (T2DM) and 20 healthy individuals in the 
control group.

All subjects underwent fasting venous blood 
sampling after at least eight hours of fasting. Gene
ral clinical and biochemical blood analyses were 
performed. Plasma glucose concentration was deter-
mined using the glucose oxidase method on a bio-

chemical analyzer. Glycated hemoglobin (HbA1c) 
was measured using an immunochemical method 
on an automated analyzer. Serum creatinine levels 
were assessed, and the estimated glomerular filtra-
tion rate (eGFR) was calculated using the CKD-EPI 
formula in accordance with KDIGO 2024 guide-
lines. The urine albumin-to-creatinine ratio (ACR) 
was measured in a morning spot urine sample using 
the URiSCAN Optima device. A diagnosis of CKD 
was established in patients with an eGFR <60 ml/
min/1.73 m² and/or the presence of albuminuria [15].

Anthropometric measurements were performed 
on all participants. Body weight and height were 
measured using calibrated electronic scales and a 
portable stadiometer. Body mass index (BMI) was 
calculated as weight in kilograms divided by height 
in meters squared [16]. Systolic (SBP) and diastolic 
(DBP) blood pressure were measured in a seated po-
sition at rest [17].

MtDNA-CN in peripheral blood leukocytes 
was determined using quantitative polymerase 
chain reaction (qPCR). The leukocyte fraction was 
isolated from venous blood by centrifugation, fol-
lowed by DNA isolation by the phenol-chloroform 
method [18]. Quantification was performed by real-
time qPCR according to the method developed by 
Hsieh [19]. Fragments of the mitochondrial displace-
ment loop (D-loop) and albumin (ALB) were used as 
mtDNA and nuclear DNA sequences. PCR was per-
formed using the “HOT FIREPol EvaGreen qPCR 
Mix Plus” kit (Solis BioDyne, Estonia). PCR was 
carried out using a Bio-RAD Chromo 4 thermocy-
cler. Amplification curves were generated with the 
OpticonMonitor 3 software.

For all variables under investigation, the me-
dian (Me) and interquartile range (QI-QIII) were 
calculated. For the clinical and demographic char-
acteristics of the patients, the arithmetic mean and 
standard deviation were used. Normality was as-
sessed using the Kolmogorov-Smirnov and Lil-
liefors tests for experimental and control groups. For 
subgroups based on sex, normality was tested using 
skewness and kurtosis coefficients (As and Ex) for 
samples up to 50 data points, and the Shapiro–Wilk 
test for samples with fewer than 30 data points. Sam-
ple homogeneity was evaluated using the Kruskal-
Wallis H-test and the Mann-Whitney U-test (for 
diabetes duration). Group comparisons were made 
using the Mann–Whitney U-test (for unpaired sam-
ples) [20]. For experimental and control groups, the 
Jonckheere–Terpstra test was also applied [21, 22]. 



43

Differences were considered statistically significant 
at a P-value < 0.05.

Statistical analysis and data visualization were 
performed using OriginPro 2016 32-bit (OriginLab 
Corporation, USA).

Results

In accordance with the study objective, all 
patients with T2DM were divided into two clini-
cal groups based on the presence of CKD. The first 
group included 65 patients with T2DM and CKD. 
The second clinical group consisted of 24 individu-
als with T2DM without signs of CKD. This group-
ing enabled us to assess potential differences in 
mtDNA-CN levels and their association with renal 
function in patients with T2DM. The control group 
comprised individuals without T2DM or CKD. As 
shown in Table 1, patients with T2DM and CKD 
were significantly older compared to those without 
CKD and the control group. The duration of diabe-
tes was also significantly longer in the CKD group 
than in patients without CKD. There were no sig-
nificant differences in body weight, BMI, systolic 
or diastolic blood pressure between the groups. Pa-
tients with type 2 diabetes had a significantly lower 
height compared to individuals in the control group. 
Blood glucose and HbA1c levels were significantly 

T a b l e  1. Clinical and demographic characteristics of patients with T2DM depending on the presence of 
CKD compared to the control group (M ± SD)

Note: *P < 0.05 compared to the control group;  #P < 0.05 compared to the group of patients with T2DM without CKD

Parameters
Control (n = 20; 

man – 16,
woman – 4)

T2DM without CKD 
(n = 24; man – 17, 

woman – 7)

T2DM with CKD 
(n = 65; man – 40, 

woman – 25) 
Age, years 50.30 ± 3.81 52.95 ± 6.88 71.08 ± 8.08*#

Diabetes duration, years – 4.91 ± 5.09 9.74 ± 7.31#

Body weight, kg 94.10 ± 24.29 97.04 ± 22.07 93.09 ± 16.78
Height, cm 174.60 ± 9.24 170.75 ± 8.11 167.70 ± 8.72*
BMI, kg/m2 30.65 ± 7.73 32.50 ± 4.92 33.30 ± 6.46
SBP, mm Hg 131.55 ± 11.66 136.63 ± 17.45 133.28 ± 18.84
DBP, mm Hg 82.35 ± 7.75 83.63 ± 9.45 80.69 ± 10.34
Plasma glucose, mmol/l 5.72 ± 0.40 9.19 ± 3.98* 10.14 ± 3.95*
HbA1c, % 5.46 ± 0.32 7.66 ± 2.26* 7.75 ± 1.72*
Creatinine, µmol/l 100.26 ± 22.09 88.74 ± 14.55* 145.03 ± 87.80*#

eGFR, ml/min/1.73 m2 83.04 ± 22.84 81.96 ± 12.20 44.15 ± 11.66*#

Urine albumin-to-
creatinine ratio (ACR)

6.85 ± 4.81 10.29 ± 4.64 36.89 ± 74.34*#

higher in both T2DM groups compared to the con-
trol group; however, no significant differences were 
observed between patients with and without CKD. 
Renal function parameters differed significantly be-
tween groups: patients with T2DM and CKD had 
higher serum creatinine levels, lower eGFR, and ele-
vated urine albumin-to-creatinine ratio. Notably, the 
mean eGFR in the CKD group was 44.15 ± 11.66 ml/
min/1.73 m², corresponding to CKD stages G3a-b. 
Patients with CKD stages 4 - 5 were not included in 
the study. In the group of patients with T2DM and 
CKD, 6 individuals (9%) received insulin therapy, 
while 59 (91%) were treated with oral glucose-
lowering medications. Among patients with type 
2 diabetes without chronic kidney disease, 2 (8%) 
individuals were administered insulin, and 22 (92%) 
were treated with oral glucose-lowering agents.

Figure presents mtDNA-CN levels in leu-
kocytes of the three study groups: control, T2DM 
without CKD, and T2DM with CKD. The box-plot 
chart compares mtDNA-CN values in peripheral 
blood leukocytes with individual data points indi-
cated. The red boxes represent patients with T2DM 
(with and without CKD), while the green box indi-
cates the control group.

The mtDNA-CN values in the three groups 
were: 1.29 ± 0.60 in the control group, 1.28 ± 0.36 

Y. A. Saienko, D. S. Krasnenkov, K. K. Midlovets et al.



44

ISSN 2409-4943. Ukr. Biochem. J., 2025, Vol. 97, N 2

Fig. mtDNA-CN values in patients with T2DM and 
CKD, T2DM without CKD, and the control group

in T2DM without CKD, and 1.23 ± 0.45 in T2DM 
with CKD. According to the Kruskal–Wallis H-test, 
no statistically significant differences were observed 
between the groups (P > 0.05), indicating no associa-
tion between mtDNA-CN levels and CKD status in 
patients with T2DM.

Discussion

In this study, we analyzed the potential asso-
ciation between mitochondrial DNA copy number 
(mtDNA-CN) in peripheral blood leukocytes and 
the presence of chronic kidney disease (CKD) in 
patients with T2DM. While some published studies 
have reported a link between reduced mtDNA-CN 
and declining kidney function, we did not observe 
such an association in our cohort.

Several authors have described a decrease in 
mtDNA-CN in patients with metabolic disorders, 
including T2DM and CKD [12]. Some studies have 
reported a significant reduction in mtDNA-CN in 
women with T2DM and CKD compared to healthy 
controls, suggesting that mitochondrial biogenesis 
might be suppressed or mitochondrial degradation 
increased due to chronic metabolic stress and sys-
temic inflammation. These findings support the hy-
pothesis that mitochondrial dysfunction contributes 
to the pathogenesis of the cardiorenal syndrome [23].

The precise mechanisms of mitochondrial dys-
function in CKD remain unclear. Although mtDNA 
mutations may occur as a result of chronic cellular 
damage, they are likely secondary events rather than 
primary causes of renal pathology [25].

Research on mtDNA-CN in CKD has been con-
ducted using various methods and different biologi-

cal samples, with most studies showing a decrease 
in mtDNA-CN in both renal tissues and peripheral 
blood (plasma, PBMCs) as CKD progresses [14, 24, 
28]. However, some investigations involving patients 
with non-diabetic CKD did not find a consistent as-
sociation between mtDNA-CN and the rate of renal 
function decline [27].

Among the biochemical mechanisms under
lying decreased mtDNA-CN, one hypothesis in-
volves the suppression of HIF-1α in the context of 
hyperglycemia. Zheng et al. (2022) demonstrated 
that persistent hyperglycemia induces excessive 
production of mitochondrial reactive oxygen species 
(mtROS), leading to mitochondrial damage and sup-
pression of mitochondrial biogenesis. This hypothe
sis has been supported by a series of experimental 
studies [26].

In our study, no significant differences in mtD-
NA-CN were found between patients with T2DM 
and CKD, patients with T2DM without CKD, and 
healthy controls. We hypothesize that the relatively 
satisfactory glycemic control observed in both dia-
betic groups may have contributed to the absence of 
mtDNA-CN alterations. The average HbA1c levels 
in T2DM patients with and without CKD were 7.75% 
and 7.66%, respectively, which may have helped re-
duce the intensity of chronic oxidative stress – one 
of the key mechanisms of mitochondrial damage and 
mtDNA-CN depletion. As a result, the impact of per-
sistent hyperglycemia-related damaging factors was 
likely attenuated. Moreover, patients with advanced 
CKD (stages 4–5) were not included in our study, 
which may have limited the ability to detect more 
pronounced mitochondrial alterations.

Conclusions. 1. No significant differences in 
mitochondrial DNA copy number (mtDNA-CN) in 
peripheral blood leukocytes were found between 
patients with type 2 diabetes mellitus (T2DM) and 
comorbid chronic kidney disease (CKD), patients 
with T2DM without CKD, and healthy individuals. 
2. The absence of association may be attributed to 
relatively satisfactory metabolic control in both dia-
betic groups, as evidenced by similar HbA1c levels. 
3. Another potential reason for the lack of differences 
in mtDNA-CN levels is the exclusion of patients with 
end-stage CKD (stages G4–G5), in whom mitochon-
drial alterations might be more pronounced. 4. Fur-
ther studies involving a broader range of patients, 
including those with advanced CKD stages, are war-
ranted to better understand the role of mtDNA-CN 
as a potential biomarker of renal dysfunction.
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Кількість копій 
мітохондріальної ДНК у 
лейкоцитах пацієнтів із 
цукровим діабетом 2 типу та 
хронічною хворобою нирок
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Хронічна хвороба нирок (ХХН) є одним 
із найпоширеніших ускладнень цукрового 
діабету 2 типу (ЦД2Т), що суттєво підвищує 
ризик серцево-судинної патології та смертності. 
Мітохондріальна дисфункція, зокрема зни-
ження кількості копій мітохондріальної ДНК 
(mtDNA-CN), відіграє важливу роль у роз-
витку діабетичних ускладнень, включаю-
чи нефропатію. Метою нашого дослідження 
було визначення mtDNA-CN у лейкоцитах 
периферичної крові пацієнтів із ЦД2Т залеж-
но від наявності ХХН. У дослідження було 
включено 109 осіб, серед яких – 20 здорових 
осіб (група контролю) та 89 пацієнтів із ЦД2Т, 
розподілених на групи залежно від наявності 
або відсутності ХХН. Кількість копій mtDNA 
у лейкоцитах визначали методом кількісної 
полімеразної ланцюгової реакції в реальному 
часі. Також оцінювали біохімічні маркери ЦД2Т 
та ХХН, проводили непараметричні тести й 
кореляційний аналіз. Статистично значущих 
відмінностей рівня mtDNA-CN між пацієнтами 

з ЦД2Т і ХХН, пацієнтами з ЦД2Т без ХХН 
та контрольною групою не виявлено (P > 0,05). 
Зв’язку між mtDNA-CN та показниками функції 
нирок встановлено не було. Відсутність змін 
mtDNA-CN може бути пов’язана з відносно 
задовільним глікемічним контролем у групах 
пацієнтів із ЦД2Т.

К л ю ч о в і  с л о в а: цукровий діабет 2 
типу, хронічна хвороба нирок, кількість копій 
мітохондріальної ДНК, лейкоцити.
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