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Abstract
Objective: to investigate intra-renal hemodynamic parameters and
their relationship with the plasma level of neutrophil gelatinaseassociated lipocalin (NGAL) and cystatin C in patients with
hypertension and type 2 diabetes mellitus. Materials and
methods: 103 patients (45 men and 58 women) aged from 35 to
64 years (average age 55.5 ± 3.4 years) were examined, of which
55 (24 men, 31 women, average age 55.9 ± 3.5 years) were with
stage II hypertension (AH) and type 2 diabetes mellitus (T2DM)
of moderate severity, subcompensated (group 1) and 48 (21 men,
27 women, average age 55,4 ± 3,3 years) were with stage II AH
without concomitant T2DM (group 2). The control group included
25 apparently healthy individuals (average age 55.1 ± 3.1 years).
All patients underwent routine clinical examination, determination
of parameters of carbohydrate metabolism and lipid profile; insulin
resistance was assessed by the HOMA-IR index. Using kits for
enzyme immunoassay the concentration of renal dysfunction
markers, cystatin C and neutrophilic gelatinase-associated
lipocalin (NGAL), was measured in blood serum. Renal
hemodynamic states were analyzed using B-type ultrasound and
Doppler of the renal arteries. Results: The serum level of cystatin
C when compared with the control group significantly increased in
both groups of examined patients, reaching the highest values in
comorbidity AH and T2DM-. In patients with AH and T2DM
compared with patients without T2DM, there were higher levels of
NGAL in serum. In patients with AH in combination with T2DM,
a significant decrease in the end-diastolic velocity of arterial blood
flow (Ved) was observed in comparison with patients with AH
without T2DM. A substantial increase in the resistance index (RI)
was revealed in patients of both groups in comparison with the
control group. In addition, RI significantly increased in the group
of patients with AH and T2DM compared with the group of
patients with AH without T2DM. Conclusion: Among
hypertensive patients at the stage of normoalbuminuria with
preserved GFR NGAL and cystatin C were higher in T2DM
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compared with non-T2DM. This corresponded to an increase in the
resistance of the renal vascular bed in patients of both groups more
pronounced in comorbidity with AH and T2DM.
Keywords: hypertension; chronic kidney disease; type 2 diabetes
mellitus; cystatin C; neutrophil associated gelatinase lipocalin.

Introduction
Currently, diabetes mellitus (DM) is one of the most pressing
problems facing medical science and healthcare worldwide (Buse
et al., 2020; Ahmed et al., 2020; Bahshwan et al., 2019). The
severity of type 2 DM (T2DM) is due to generalized damage to the
vascular system with the development of multiple microvascular
(nephropathy, retinopathy) and macrovascular complications
(coronary heart disease, peripheral atherosclerosis) (Kaur et al.,
2018; Leung et al., 2016). The most dangerous consequences of
diabetes are its vascular complications, among which diabetic
nephropathy (DN) is a special problem, leading to the development
of end-stage chronic renal failure and being one of the main causes
of disability and mortality in T2DM patients (Khattab et al., 2020).
Numerous data have been accumulated on the high prevalence of
arterial hypertension (AH) in patients with T2DM (Yildiz et al.,
2020). The comorbidity of hypertension and T2DM leads to an
increased mutual influence on the course of diseases, the nature
and severity of complications, causing remodeling of the vascular
system of the kidneys, neurohormonal, inflammatory, and
biochemical changes affecting the parenchyma and interstitium of
the kidneys, aggravating apoptotic and fibrosing processes (Storz
et al., 2018; Ruiz-Ortega et al., 2020).
The diagnosis of chronic kidney disease (CKD) in T2DM patients
is based on the assessment of urinary albumin excretion –
microalbuminuria (Chen et al., 2019; Lessey et al., 2019).
However, the non-specificity of this method in T2DM significantly
reduces the discriminative value of the analysis for the diagnosis
of diabetic kidney disease, since in T2DM the appearance of
microalbuminuria is associated not only with CKD but also with
multiple concomitant pathologies: hypertension, chronic heart
failure, ischemic nephropathy, which can also lead to increased
urinary albumin excretion.
Early diagnosis of acute kidney injury (AKI) is difficult due to the
fact that up to 50% of kidney function can be lost even before
creatinine rises (Shyam et al., 2017; Zayet et al., 2018). Timely and
fast establishing diagnosis is vital to stratify a patient's risk and
ensure appropriate treatment. In this regard, it is important to study
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the mechanisms of the development and progression of this
pathology, to search for the earliest informative biomarkers
reflecting early, clinically undetectable changes in the kidneys, and
to carry out nephroprotection at the initial stages of CKD (Bidin et
al., 2019). The most significant biomarkers of AKI include
neutrophil gelatinase-associated lipocalin (NGAL) and cystatin C.
Most of the works devoted to the study of early biomarkers of renal
damage in T2DM were carried out in animal models (Zhang et al.,
2018). There is isolated research on the study of indicators of
markers of preclinical diagnosis of diabetic kidney disease (Żyłka
et al., 2015; Looker et al., 2018). Until now, early biomarkers of
kidney damage in the comorbidity of T2DM and AH have not been
evaluated, which suggests further study of the prognostic value of
biomarkers of renal dysfunction in patients with initial
manifestations of renal failure. The use of AKI biomarkers in
combination with an imaging method for studying the kidneys
(duplex scanning of the renal arteries) can make it possible to
diagnose AKI with high accuracy at an early stage of its
development. The objective of the study was to investigate intrarenal hemodynamics and their relationship with the plasma level
of neutrophil gelatinase-associated lipocalin (NGAL) and cystatin
C in patients with AH and type T2DM.

Materials and Methods
The study involved 103 patients (45 men and 58 women) aged 35
to 64 years (the average age – 55.5 ± 3.4 years), undergoing
treatment in Government Institution “L.T.Malaya Therapy
National Institute of the National Academy of Medical Sciences of
Ukraine”, which is the clinical base of the Department of Clinical
Pharmacology and Internal Medicine of Kharkiv National Medical
University.
The 1st group (group 1) consisted of 55 patients with a combined
course of AH of II degree and T2DM (24 men, 31 women, average
age – 55.9 ± 3.5 years). Group 2 (comparison group) included 48

patients with AH II degree (21 men, 27 women, average age 55.4
± 3.3 years). The control group included 25 healthy volunteers (10
men, 15 women, average age was 55.1 ± 3.1 years).
All the patients were examined in accordance with the
recommendations of the European Society of Hypertension and the
European Society of Cardiology (ESH/ESC, 2018), the American
Diabetes Association (ADA) 2019, and the International Diabetes
Federation (IDF) 2018.
All respondents signed informed consent to participate in the
study.
The patient groups were comparable in terms of age, sex, duration
of hypertension, office systolic (SBP), and diastolic blood pressure
(DBP), heart rate (HR), body mass index (BMI). The enrollment
in the study in patients with AH and T2DM the level of
glycosylated hemoglobin (HbA1c) was <8.0%, achieved with diet
and oral glucose-lowering drugs, in accordance with clinical
recommendations (American Diabetes Association, 2019).
The criteria for excluding patients from the study were: inability or
unwillingness of the patient to comply with the conditions of the
study; type 1 diabetes mellitus; secondary hypertension; acute
myocardial infarction or transient ischemic attack less than 12
months old; heart failure III-IY functional class (NYHA); HbA1c
>8.0%; retinopathy III-IV degree; stage III diabetic nephropathy;
diabetic foot syndrome; plasma potassium level of <3.3 or >5.5
mmol/L; anemia (hemoglobin less than 110 g/l); clinically
significant diseases of the respiratory system, gastrointestinal tract,
nervous system, kidney, and blood system in the acute stage,
requiring drug treatment or significantly affecting the assessment
of the studied parameters; malignant and autoimmune diseases.
The initial characteristics of the groups are shown in Tables 1 and
2.

Table 1: Basic demographic, clinical and anthropometric characteristics of patient study population
Healthy volunteers

Entire patient cohort

(n=25)

(n=103)

Age, year

55.1 (48-57)

Variables

Hypertensive patients (n=103)
P-value

T2DM patients

Non-T2DM patients

(n=55)

(n=48)

55.5 (49-59)

55.9 (49-58)

55.4 (50-59)

NS

Male, n (%)

10 (40)

45 (43.7)

24 (43.6)

21 (43.7)

NS

Dyslipidemia, n (%)

-

99 (96.1)#

53 (96.4)

46 (95.8)

NS

Smoking, n (%)

11 (44)

46 (44.7)

24 (43.6)

22 (45.8)

NS

Abdominal obesity, n (%)

-

24 (23.3)#

13 (23.6)

11 (22.9)

NS

Microalbuminuria, n (%)

-

-

-

-

NS

LV hypertrophy, n (%)

-

65 (63.1)#

39 (70.9)

26 (54.2)

0.001

BMI, kg/m2

22.35 ± 0.31

24.61 ± 1.53#

24.93 ± 1.38

24.37 ± 1.65

NS

Waist circumference, sm

78.5±2.51

81.5±2.39

82.3±2.43

80.6±2.37

NS

WHR, units

0.78±0.03

0.83±0.04

0.84±0.04

0.82±0.03

NS

Notes: data are given as mean ± SD and median, # - significant difference between healthy volunteers and entire patient’ cohort.
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Table 2: Hemodynamics in patient study population
Variables

Healthy volunteers

Entire patient

(n=25)

cohort (n=103)

Hypertensive patients (n=103)
T2DM patients

Non-T2DM patients

(n=55)

(n=48)

P
value

Office SBP, mm Hg

122 ± 3.5

127 ± 3.5

128 ± 3.4

126 ± 3.6

NS

Office DBP, mm Hg

74 ± 2.5

81 ± 2.8

82 ± 3.3

80 ± 2.5

NS

LVEF, %

64 ± 4

61 ± 3#

60 ± 3

61 ± 3

NS

LVMMI, g/m2

82.5 ± 0.8

133.1 ± 1.2#

138.7 ± 1.1

127.3 ± 1,2

0.05

GFR, mL/min/1.73 m2

103± 2.51

91± 2.55

90± 2.63

92± 2.41

NS

HOMA-IR

1.68±0.59

4.52 ±0.55#

4.65 ±0.57

4.43 ±0.53

NS

Fasting glucose, mmol/L

4.29±0.25

5.91±0.51#

6.15±0.56

5.41±0.52

NS

HbA1c, %

4.31  0.23

6.15 ± 0.67#

6.28 ± 0.89

5,97 ± 0.53

NS

TC, mmol/L

5.0±0.09

5.71 ± 0.09#

5.73±0.08

5.69±0.09

0.05

HDL-C, mmol/L

1.31 ±0.09

1.08 ± 0.07#

1.09±0.06

1.08±0.08

NS

LDL-C, mmol/L

2.84 ±0.08

3.65 ± 0.07#

3.75±0.09

3.53 ±0.07

0.045

TG, mmol/L

1.7 ±0.03

2.11 ± 0.04#

2.23±0.07

2.09 ±0.07

NS

Notes: data are given as mean ± SD and median, # - significant difference between healthy volunteers and entire patient’ cohort.

Ethical declaration

Duplex scanning of the renal arteries was carried out in the area of
the distal parts of the main trunk of the renal artery using a GE
Medical Systems ultrasound scanner (Germany) with a convex
probe with a frequency of 2.25-3 MHz and a probe with a
frequency of 1-7 MHz in the modes of color Doppler mapping and
pulse wave. To determine the state of renal hemodynamics, the
peak systolic (Vps, cm/s) and end-diastolic velocities of arterial
blood flow (Ved, cm/s) were assessed.

Informed consent was obtained from all the patients for
participation in the study.

The resistance index was determined by the formula: RI = (Vps Ved)/Vps (Rinehardt et al., 2014).

General anthropometric, clinical, and physical examinations

Biomarker determination

Conventional anthropometric measurements (height, weight, waist
circumference, hip-to-waist ratio, body mass index [BMI]) were
performed. Clinical history was recorded and specified. All
patients underwent general clinical and physical examination,
office blood pressure (BP) and heart rate (HR) measure, as well as
ambulatory BP monitoring at baseline.

Determination of fasting serum glucose (FSC) concentration,
glycosylated hemoglobin (HbA1c) level in whole blood, insulin,
lipid profile parameters; insulin resistance was assessed using the
HOMA-IR index. Commercial kits of enzyme-linked
immunosorbent assay were used to measure the serum
concentration of markers of renal dysfunction - cystatin C (Bio
Vendor, Czech Republic) and neutrophil gelatinase-associated
lipocalin (NGAL, Hycult Biotech, Netherlands).

All patients underwent antihypertensive therapy (a combination of
generally accepted drug classes: ACE inhibitors, calcium
antagonists, beta-blockers (carvedilol) in medium therapeutic
doses). Also, all patients received rosuvastatin at a dose of 20 mg
and acetylsalicylic acid at a daily dose of 75 mg. Metformin was
combined with gliclazide to correct glycemia.

Chronic kidney disease (CKD) was defined according to the
Clinical Practice Guideline for the Evaluation and Management of
Chronic Kidney Disease (KGIGO 2012) (Stevens and Levin,
2012).
Calculation of glomerular filtration rate
The functional state of the kidneys was assessed by the glomerular
filtration rate (GFR) using the CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration) formula (Schwandt et al., 2017).
Renal artery B-mode ultrasound

Statistics
The statistical application package Statistics for Windows 10 was
used for statistical analysis. All data are presented in the form of
the mean (M), standard deviation (±SD), median (Me), and
interquartile range (IQR). The hypothesis about the normality of
the distribution of the studied indicators was tested using the
Shapiro-Willis test. To compare the statistical characteristics in
different groups used multiple comparisons by one-way dispersion
analysis of variance Kruskal-Wallis (ANOVA) with pair-wise
comparison by the Mann-Whitney U test. For the analysis of 2 × 2
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conjugation tables when comparing categorized variables, a twosided exact Fisher criterion or Chi2 test was used. To analyze the
direction and strength of the relationship between certain
indicators, we used the method of correlation analysis with the
calculation of Spearman's coefficients. Differences were
considered significant at values of p <0.05

Results
Table 3 shows the content of cystatin C and NGAL in the blood of
patients with a combination of AH and T2DM, as well as in the
group of patients with AH and the control group.

Table 3: Content of the studied biomarkers in patients with hypertension and T2DM
Variables

Сontrol group
Healthy volunteers
(n=25)

Base group
AH+ T2DM
(n = 55)

Comparison group
AH
(n = 48)

Cystatin C, mg/mL

83 ± 12
(71.63 – 95.43)

265 ± 37 ¹***
(249,0- 281.15)

108 ± 11 ¹*** ²*
(92.25 – 124.38)

NGAL, ng/mL

9,63 ± 0,71
(5.83 – 13.43)

21,25 ± 0,33 ¹***
(18.17 – 23.39)

17,13 ± 0,21 ¹*** ²*
(15.03 – 19.21)

Notes: 1 * - reliability of differences with the control group (p <0.05); 1 *** - (p <0.001); 2 * - significance of differences between
the base and comparison groups (p <0.05).

Cystatin C, mg/ml
Cystatin C, mg/ml

300
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AH without 2
type DM

AH + 2 type DM

Figure 1: The content of cystatin C in the blood of patients with a combination of T2DM and hypertension, in the group of patients with
hypertension, and in the control group (mg/ml).
It was noted that the level of cystatin C in the blood significantly
increased both in the group of patients with type 2 diabetes and
hypertension (p = 0.04) and in the group of patients with
hypertension (p = 0.001) compared with the control group. Figure
1 shows that an increase in the excretion of cystatin C is observed

in patients with hypertension and increases with T2DM (p =
0.001). The highest values of the level of cystatin C in the blood
were determined in patients with T2DM, which exceeded the
median values in the healthy control group by more than 3 times
(p <0.001).
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Figure 2: The content of NGAL in the blood of patients with T2DM, in the group of patients without T2DM, and in the control group
(ng/ml).
As we can see in Figure 2, higher NGAL concentrations were
found in hypertensive patients with T2DM compared with the
group of relatively healthy individuals (p = 0.001). NGAL levels
differed significantly between patients in base and comparison
groups (p = 0.042). The concentrations of the studied biomarkers
in patients of both groups did not differ significantly depending on
gender, overweight, or obesity.
The data of duplex scanning of the renal arteries in the examined
patients and healthy individuals are presented in Table 4.
Table 4: The data of renal hemodynamics in the examined groups
Hypertensive patients

Variables

Healthy
volunteers
(n=25)

T2DM
(n = 55)

Non-T2DM
(n = 48)

Vps, сm/s

92.8 ± 3,1

105.0 ± 4.1¹*

111.2 ± 4.3¹*

27.1 ± 1.3¹*** ²*

31.3 ± 1.3¹***

Ved, сm/s

36.9 ± 1,1

RI, unit

0.60 ± 0,03

0.79 ± 0.03 ¹*** ²* 0.71 ± 0.02¹***

Notes: 1 * - reliability of differences with the control group (p =0.024); 1 *** (p =0.001); 2 * - significance of differences between the base and comparison
groups (p =0.042).

It was found that the peak systolic velocity of arterial blood flow
(Vps) significantly increased in the group of patients with T2DM
(p = 0.02) and in the group of patients with AH without T2DM (p
= 0.02) compared with the control group. At the same time, there
were no significant differences in peak systolic arterial blood flow
(Vps) between the base and comparison groups.
Analysis of the end-diastolic velocity of arterial blood flow (Ved)
showed a significant decrease in the measurements of patients with
T2DM and in the group of patients without diabetes compared with
the control group. There was a significant decrease in Ved in
patients with T2DM compared with the group of patients without
diabetes. This was consistent with a significant increase in the

resistance index (RI) in patients of both groups in comparison with
the control group. At the same time, RI significantly increased in
the group of patients with T2DM compared with the group of
patients without diabetes.
Thus, in patients with T2DM, a decrease in Ved and an increase in
RI can serve as markers in the diagnosis of preclinical renal
dysfunction.
Correlation analysis in patients with T2DM established a
statistically significant correlation between NGAL level and serum
creatinine concentration (r = 0.35; p = 0,042). A statistically
significant correlation was found between the level of cystatin C
and the concentration of creatinine in the blood serum (r = 0.38; p
= 0.044) and a negative correlation with the CKF EPI (r = -0.31; p
= 0.038).
In hypertensive patients with T2DM, statistically significant
positive correlations were found between RI and cystatin C level
(r = 0.43; p = 0.04), NGAL level in serum (r = 0.41; p = 0.044),
serum creatinine concentration (r = 0.36; p = 0.01), as well as
between Ved and GFR EPI (r = 0.31; p = 0.01). In addition,
significant negative correlations were noted between Ved and
cystatin C level (r = -0.41; p = 0.001), NGAL level in serum (r = 0.40; p < 0.001), as well as between RI and CKF EPI (r = - 0.32; p
= 0,001).

Discussion
Due to the progressive nature of the course of CKD, the nonspecificity of the microalbuminuria parameter in renal pathology
in patients with T2DM, and the limited effectiveness of therapy in
the expressed stages of diabetic nephropathy, preclinical diagnosis
of this complication, when changes in the kidneys are potentially
reversible, is of special relevance. The search for laboratory
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markers that allow the detection of CKD in T2DM at preclinical
stages is important for the timely identification of high-risk groups
of CKD among patients with T2DM and effective preventive renal
protection.
In recent years, more and more importance in the pathogenesis of
diabetic nephropathy is given to tubulointerstitial disorders, which
according to a number of studies precede the development of
glomerular lesions (Alicic et al., 2017). It was noted that in T2DM
renal pathology is revealed with a predominant lesion of the
interstitium and renal tubules, and the rate of decrease in renal
filtration is associated with the severity of tubulointerstitial
fibrosis, characterized by a progressive accumulation of
extracellular matrix proteins. Its development is the result of
activation of powerful cytokine proinflammatory cascades
initiated by heterogeneous damaging factors: immune, ischemic,
toxic, metabolic, impaired renal hemodynamics, hypertension, as
well as a functional overload of the kidneys. In addition, the
development of endothelial dysfunction leads to hemodynamic
disturbances in the kidney and disturbances in the structure of the
interstitium (Zannad and Rossignol, 2018).
In our study, statistically significant differences in biomarkers
reflecting tubulointerstitial dysfunction were established between
the group of healthy individuals and groups of patients with T2DM
with normoalbuminuria. Thus, one of the markers of a functioning
tubular mass is NGAL produced by epithelial cells and neutrophils,
which is produced in the renal tubules in response to structural
damage (Shang and Wang, 2017).
In our study, an increase in the content of NGAL in the blood
plasma of patients with AH and with T2DM with
normoalbuminuria was noted that, apparently, is due to damage to
the renal tubules, which is characteristic of most patients with renal
failure. Long-term expression of the NGAL gene in renal tubular
cells can directly participate in the progression of kidney damage
and be involved in pathological signaling pathways that cause the
development of tubulointerstitial fibrosis (Nickolas et al., 2012).
Another marker of both tubular and glomerular damage is cystatin
C, a protease inhibitor produced by all nuclear cells, which is freely
filtered in the kidney glomeruli and is almost completely
reabsorbed and catabolized in the cells of the proximal tubules
(Ferguson et al., 2015). A number of studies have shown that in
T2DM, the level of cystatin C is a more exact marker of renal
function than the level of creatinine and can be used for early
detection of a decrease in RFR (Bargnoux et al., 2019).
As a marker of RFR serum cystatin C significantly exceeds serum
creatinine and creatinine clearance, as it is able to: 1) diagnose the
earliest changes in RFR (hyperfiltration and early stages of
hypofiltration); 2) quickly track the decrease in GFR with the
development of ARF; 3) exactly assess renal function in pediatric
and geriatric patients; 4) predict cardiovascular and other
complications of renal dysfunction in patients with T2DM; 5) is
sensitive to the detection of early renal dysfunction.
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In our study in hypertensive patients with T2DM the serum
creatinine concentration and the glomerular filtration rate
(according to the CKD-EPI formula) in most cases corresponded
to the reference values, which testified in favor of the low
diagnostic significance of these parameters for assessing the
functional state of the kidneys in this category of patients. On the
other hand, an increase in the level of cystatin C in the blood serum
in patients with AH was found, which was more pronounced in
T2DM. This suggested that the minimal changes in renal function
determined by cystatin C, even at the stage of normoalbuminuria,
are an early marker of decreased renal function in T2DM.
According to the data of duplex scanning of the renal arteries an
increase in the peripheral resistance index - the RI was noted,
which was more pronounced in patients with T2DM and
witnessing a greater increase in intraglomerular pressure and a
faster progression of renal failure.
In addition, the blood flow velocity into systole in the examined
patients significantly increased in comparison with the group of
healthy individuals and did not differ significantly in patients with
T2DM and in patients without diabetes. The end-diastolic velocity
of arterial blood flow (Ved) significantly decreased in T2DM (p =
0.001) and in the group of patients with AH without diabetes (p =
0.001) compared with the control group. At the same time, Ved
significantly decreased in T2DM when compared with patients
without T2DM.
So, in patients of both groups, there was an increase in the
resistance of the vascular bed of the kidneys, more pronounced in
the comorbidity of AH and T2DM.

Conclusions
In patients with T2DM at the stage of normoalbuminuria with
preserved RFR, more significant changes in biomarkers of renal
dysfunction were noted compared with patients without T2DM.
Thus, a significantly greater increase in the content of NGAL and
cystatin C was noted, which indicates violations of both the
glomerular and tubulointerstitial renal apparatus already at the
preclinical stage of CKD. The revealed abnormalities in the level
of biomarkers correlated with the concentration of creatinine in the
blood serum and CKF EPI.
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