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Abstract

Introduction. At present, it is obvious that the prognosis for the life of patients with
essential hypertension, according to the cardiovascular continuum, is clearly determined
primarily by the involvement in the pathological process of target organs and the severity of
their structural and functional changes.

The aim of the study is to identify the clinical-diagnostic and prognostic value of B2-
MGU as a marker of kidney damage in essential hypertension.

Materials and methods. To achieve this goal, 46 patients with essential hypertension
(45.65% women and 54.35% men) aged from 28 to 71 years (mean age was 51.88 + 2.17
years), I-11 stage of the disease with level of hypertension I-111 degree, varying degrees of risk,
who did not receive systematic adequate antihypertensive therapy and in which as a result of

comprehensive clinical, laboratory and instrumental studies there were no evidence of
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clinically significant chronic kidney disease. The control group consisted of 17 healthy
individuals.

Results. In patients with essential hypertension is forming hypertensive nephropathy,
which is characterized by statistically significant excessive excretion of beta-2-microglobulin
in the urine compared with almost healthy individuals. In patients with increased excretion of
beta-2-microglobulin violations of intrarenal hemodynamics were registered significantly
more often, violations of functional renal reserve, violations of vascular resistance of renal
vessels, in a significantly higher percentage there were pathological changes in circadian
rhythm of blood pressure and renal filtration function, the prevalence of concentric and
eccentric hypertrophy, proteinuria, which indicates an important clinical, diagnostic and
prognostic value of hyper-beta-2-microglobulinuria.

Conclusions. The indicator beta-2-microglobulinuria can be used as an adequate
marker of hypertensive nephropathy, as having high sensitivity, specificity, positive and
negative prognosis.

Key words: glomerular filtration rate; functional renal reserve; hypertensive

nephropathy; urinary albumin excretion; beta-2-microglobulinuria.

Introduction. At present, it is obvious that the prognosis for the life of patients with
essential hypertension (EH), according to the cardiovascular continuum, is clearly determined
primarily by the involvement in the pathological process of target organs and the severity of
their structural and functional changes [1]. Accordingly, the pathogenetic significance of
impaired renal function, which is a cause of hypertension and at the same time a manifestation
of target organ damage, has been the subject of debate, exacerbated by the presence of a long
period of latent renal dysfunction — preclinical stage of renal failure, when routine methods of
studying their condition are practically unchanged and do not allow to estimate the severity of
functional disorders of the kidneys [2]. Such criteria as proteinuria and increased serum
creatinine, usually indicate the late stages of the pathological process in the kidneys, the stage
of hypertensive nephroangiosclerosis, which, in turn, contributes to the development of
chronic renal failure and indicates a high risk of cardiovascular complications [3].

The main early markers of renal dysfunction are changes in glomerular filtration rate
(GFR), increased urinary albumin excretion (UAE) — microalbuminuria (MAU) and
decreased functional renal reserve (FRR) [4]. It should be noted that if renal failure is one of
the main endpoints of hypertension along with stroke and myocardial infarction, then UAE is

an indisputable surrogate point in assessing the effectiveness of antihypertensive therapy [5].
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A large number of studies have examined the prognostic role of UAE in cardiovascular and
renal mortality in diabetes and hypertension. Patients with diabetes mellitus in the presence of
UAE have 3-4 times higher cardiovascular mortality and almost 10-fold renal mortality [6]. In
patients with EH, UAE has less prognostic value, but is a predictor of kidney damage as a
target organ [7]. Therefore, it is especially important for physicians to detect the initial period
of renal dysfunction, when pathogenetic treatment can slow down the process of glomerular
destruction and fundamentally change the patient's fate, reducing the cardiovascular risk of
complications [8]. Moreover, it should be noted that when prescribing treatment and
evaluating its effectiveness, it is also necessary to take into account the functional state of the
kidneys [9].

Most authors in the pathogenesis of hypertensive nephropathy, in particular its
manifestations such as changes in GFR and UAE, play a leading role in capillary-glomerular
disorders in relation to which dysfunctions of the tubular apparatus of the nephron and
restructuring in the interstitial tissue of the kidneys are secondary [10]. However, there is
obvious information that indicates the early involvement of tubules in the pathological
process in EH [11]. In 1990 Tomlinson P.A. was one of the first who have been used beta-2-
microglobulin (beta-2-MG) as a clinical test for tubular dysfunction [12]. The presence of this
low molecular weight protein in serum is due to the processes of degradation and repair of
individual cell elements, beta-2-MG freely passes through the glomerular membrane during
filtration, and then about 99.8% is reabsorbed in the proximal renal tubules. At disturbances
of function of tubules its excretion sharply increases [13]. It should be emphasized that
studies about evaluating markers of renal damage in patients with EH are usually traditionally
devoted to such a highly informative indicator as UAE, while data on changes in urinary beta-
2-MG in this pathology are insufficient, and the obtained data are contradictory [14]. The
available literature does not sufficiently reflect the data on the dynamics of beta-2-
microglobulinuria (B2-MGU) in EH, vaguely formulated the main pathogenetic mechanisms
of increased excretion of beta-2-MG in patients with EH, not fully studied the clinical and
diagnostic value of this indicator in this categories of patients.

The aim of the study is to identify the clinical-diagnostic and prognostic value of B2-
MGU as a marker of kidney damage in EH.

Materials and methods. To achieve this goal, 46 patients with EH (45.65% women
and 54.35% men) aged from 28 to 71 years (mean age was 51.88 + 2.17 years), |-l stage of
the disease with level of hypertension I-111 degree, varying degrees of risk, who did not

receive systematic adequate antihypertensive therapy and in which as a result of
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comprehensive clinical, laboratory and instrumental studies there were no evidence of
clinically significant chronic kidney disease. The control group consisted of 17 healthy
individuals. All respondents agreed to participate in the study. Daily monitoring of blood
pressure (BP) was performed using a device "Cardiotens-01" ("Meditech”, Hungary). The
monitor was activated according to the standard protocol every 15 minutes during the day
(06:00-22:00) and every 30 minutes during sleep (22:00-06:00), the obtained data with the
definition of indicators were analyzed using the software of the device. Evaluated daily
indicators: ambulatory blood pressure monitoring (ABPM), mean clinic systolic and diastolic
BP, systolic BP (SBP) daytime and nighttime (SBPd and SBPn), diastolic BP (DBP) daytime
and nighttime (DBPd and DBPn), load indices — area index (Al) and time index (TI) for SBP
and DBP. The daily index was studied to determine the type of circadian rhythm of blood
pressure (subjects in whom SBP and DBP at night decreased by 10-20% compared to the
daytime period, were classified as "dipper"”; less than 10% - "non-dipper"; with a steady
increase in blood pressure at night - "night-peaker™ (negative values of the daily index; with a
decrease in night blood pressure by more than 20% - "over-dipper"). Determined the
variability of blood pressure separately during the day and night for SBP and DBP, and also
calculated the absolute value and rate of morning rise in blood pressure.

Studies of renal hemodynamics were performed in the horizontal position of the
patient on the device "Sonoline Versa Plus" (SIEMENS, Germany), using color Doppler
mapping and pulsed wave Doppler with a convex sensor. Blood flow in the renal arteries was
studied at the level of the main trunk (MRA), segmental (SRA) and interlobular branches of
the renal arteries (IRA) in the spectral Doppler mode, assessing the linear indicators of blood
flow: peak systolic and diastolic velocity, mean speed. Peripheral vascular resistance
(resistance) was also used to characterize renal blood flow: S / D — systolic-diastolic ratio of
velocities, Pl — pulsation index, RI — resistance index (peripheral resistance). The calculations
were performed automatically when processing Doppler curves according to the appropriate
formulas. GFR was calculated standard according to the formula Cocroft-Gault, with GFR >
120 ml / min regarded the condition of the kidneys as hyperfiltration, a level of less than 80
ml / min — as a decrease in GFR. Studies of FRR, which is a clinical marker of
intraglomerular hypertension, were performed on all subjects, using GFR on endogenous
creatinine clearance before and after oral protein loading in conditions of adequate water
regime according to the modified method. FRR, the quantitative measure of which is the
difference between the stimulating GFR and its basal level, expressed as a percentage of the
initial GFR level, was calculated by the formula FRR = ((R2-R1) / R1) * 100%, where R1 is
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the initial GFR value, R2 — marking GFR after the test. The following scale was used to
assess FRR: an increase in GFR upon protein stimulation of more than 10%, compared with
basal GFR, was regarded as preserved FRR; an increase in GFR by 5-10% was interpreted as
a decrease in FRR; increase in GFR by less than 5% or decrease it after stimulation, was
defined as depleted FRR. Serum creatinine concentration was determined by a unified method
using the Jaffe color reaction (Popper method). The level of urinary albumin and beta-2-MG
excretion (morning portion) were examined by enzyme-linked immunosorbent assay on a
semi-automatic analyzer "DigiScan™” (Austria), using kits from "Orgentec™ according to the
instructions in the Training Medical and Laboratory Centre of Zaporizhia State Medical
University, certified by the Ministry of Health of Ukraine (certificate No 039/14).

Echocardiographic examination was performed on a digital Doppler ultrasound
scanner "Ultima Pro-30" (RADMIR, Ukraine) according to a standard protocol. Normalized
by body surface area, the value of the indexed indicator (left ventricular mass index, LVMI)
was calculated by Devereux R. et al. (hormal values of LVMI were considered indicators for
men < 125 g / m?, for women < 110 g / m?), to assess the type of left ventricle (LV)
remodeling, the relative wall thickness (RWT) was calculated according to A. Ganau.
According to the classical notions of structural and functional changes of the myocardium for
the normal geometry of the LV was considered RWT < 0.45 in normal LVMI, concentric
cardiac hypertrophy was diagnosed at RWT > 0.45 and increased LVMI, eccentric LV
hypertrophy for RWT < 0.45 and increased LVMI, concentric remodeling — at RWT > 0.45
and normal LVMI.

Distribution normality tests were performed (Kolmogorov-Smirnov (D), Lilliefors and
Shapiro-Wilk (W) criteria). Comparison of groups on a qualitative binary basis was
performed using the criterion ¥2 with the analysis of correlation tables. In the case of a
distribution other than normal, or analysis of ordinal variables, the Mann-Whitney U test was
used for two unrelated samples, and for a larger number, the Kruskal-Wallis H test was
followed by a Games-Howell comparison. The relationship between quantitative indicators
was assessed using correlation (Spearman's ratio) and regression analyzes. Evaluation of the
effectiveness of diagnostic studies was performed using qualitative reference data using four-
field tables, using calculated indicators: sensitivity (Se), specificity (Sp), predictability of
positive (PVP) and negative (PVN) results. The results of the study are presented in the form
of median and interquartile range (25 and 75 percentiles) in parentheses. The results of the

study were processed using the statistical software package "SPSS 15", "Microsoft Excel
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2003" and "STATISTICA® for Windows 6.0" (StatSoft Inc.), for all types of analysis were
statistically significant differences at p less than 0.05.

Results and discussion. According the analysis of the level of excretion of beta-2-MG
in the urine of the control group, the following results were obtained: the nature of the
distribution of the obtained values of B2-MGU differs from normal (statistics of differences
Kolmogorov-Smirnov 0.176 with a probability of Lilliefors 0.171 p = 0.11). B2-MGU values
ranged from 7 to 316 pg/L and were in the group of almost healthy individuals 121 (22; 162)
Mg/L, and in two examined persons the concentration of beta-2-MG in the collected urine
analysis were below the range of detectable values for enzyme-linked immunosorbent assay
method of determining the urinary concentration of microproteins. We calculated the
reference values for the upper limit of B2-MGU for the norm, which corresponds to the 99th
percentile of the values of the sample of almost healthy individuals and is about 400 pg/L
(402 pg/L). In patients with EH, the level of B2-MGU was 320 (118; 820) ug/L, which is
significantly higher than similar indicators of almost healthy individuals by 2.6 times. We
divided all patients with EH according to the level of B2-MGU into 2 subgroups: 1 — with
normal level (21 patients) and 2 — with excessive excretion (more than the calculated value of
400 pg/L) excretion of beta-2-MG in the urine — 25 people. The obtained subgroups were
comparable by sex (female / male ratio: 10/11 and 12/13 for 1st and 2nd groups,
respectively), age (1st subgroup 47 (46; 57.5) years and 2nd — 52 (45, 5; 60.5) years), stage of
the disease (in both groups the vast majority were patients with stage Il og EH) and the degree
of hypertension. The analysis of the obtained data revealed that patients of subgroup 2 were
characterized by significantly high differences in the indices of vascular resistance of the renal
vessels (in patients of this subgroup RI and Pl SRA (7.81% and 10.62%) and RI and Pl IRA
(by 9.23% and 11.54%) were higher than in 1st subgroup. Significant differences were also
registered in the rate of urinary albumin excretion (20.31 (18.7; 21.39) mg/L and 334 (96, 64;
615.06) mg/L, respectively, and the incidence of proteinuria was significantly higher in 2nd
subgroup — ¥ 6.83 at p = 0.009). In terms of GFR (Cocroft-Gault) subgroups did not differ
significantly, due to the presence of 2nd subgroup, both patients with initially reduced GFR
and patients with hyperfiltration, which, in general, offset the reduced filtration capacity of
the kidneys in this subgroup, but further analysis of the frequency of detection of reduced
GFR and hyperfiltration, the data show that in patients with EH with an increase in B2-MGU
is significantly more often recorded pathological changes in GFR, mainly a decrease in GFR.
At the same time, the analysis of FRR revealed the following patterns: the frequency of

detection of impaired FRR (reduced and depleted) in patients of 2nd subgroup was
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significantly higher than in the 1st (2 5.29, p = 0.021). Moreover, it should be noted that
FRR in patients of 2nd subgroup averaged 2.11 (-0.66; 5.28)%, which is less than 2 times the
rate of normal excretion of beta-2-MG in the urine — 1st subgroup (5.36 (3.57; 6.78)%).
Analysis of the variants of the circadian rhythm of BP according to the subgroups showed that
the frequencies of the types "dipper", "non-dipper”, "night-peaker" and "over-dipper" in the
1st subgroup was 45.45%, 27.27%, 0% and 27.27%, respectively, in the 2nd subgroup, these
indicators were 28.57%, 45.71%, 22.86% and 2.86%, which indicates a significantly higher
prevalence of circadian physiological rhythm disorders in patients with elevated excretion of
beta-2-MG and indicates a much greater prerequisite for the defeat of target organs and the
development of cardiovascular pathology in patients of this subgroup. Interesting data were
obtained during the analysis of changes in the structural and functional rearrangement of the
heart in EH depending on the level of B2-MGU: so LVMI in 1st subgroup was 89.36 (80.38;
93.98) g / m?, which is 67.48% less than in patients with hyper-B2-MGU — 149.66 (125.96;
168.37) g / m? (Fig. 1).

1 subgroup 2 subgroup

Fig. 1. Indicators of LVMI of the examined patients with hypertension depending on
the level of B2-MGU

It should be noted that the prevalence of concentric and eccentric hypertrophy, the

most unfavorable options for cardiac remodeling at risk of cardiovascular complications, was
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also significantly more often registered in patients of 2nd subgroup compared with 1st (32
was 9.67 at p = 0.002).

To identify and assess the degree of relationship between the studied indicators and
the level of B2-MGU, we conducted a correlation analysis, the results of which allowed us to
note a positive correlation between the indices of blood pressure (especially for DBP), on the
one hand, and the value of B2-MGU, on the other (for AI-DBPn — B2-MGU R was 0.52, for
TI-DBPmean and TI-DBPn 0.47 and 0.5, respectively). The relationship between LVMI and
B2-MGU was also directly proportional, with a correlation coefficient of 0.43 for this pair.
The relationship between the value of Rl and PI SRA and RI and PI IRA and the excretion of
beta-2-MG were also significant, but less dense (R = + 0.29, +0.31 and +0.34 and +0, 35,
respectively, p <0.05 in all cases), for S / D ratio R was 0.3. For FRR and emission fraction,
in contrast to others, the interdependence with B2-MGU was inversely proportional (R = —
0.44 and -0.22, respectively), as the FRR decreased (increased manifestations of
intraglomerular hypertension), the level of beta-2-MG significantly increased in urine.

Further, in order to assess the nature of the relationship between indicators that reflect
the functional state of the kidneys, and to build a functional relationship between the variables
studied, we conducted a regression analysis, during which the level of urinary albumin
excretion was taken as an independent argument. adequately reflects the process of kidney
damage in patients with EH [15], and as a dependent variable was considered the value of B2-
MGU. It turned out that the obtained relationship between variables with a sufficient degree
of accuracy and adequacy was approximated by a regression model of polynomial nature:
albuminuria (AU) = -43.45 + 624.57 * B2-MGU-121.05 * B2-MGU? (Fig. 2). Thus, we
demonstrated a statistically significant close relationship between the level of B2-MGU and
urinary albumin excretion in patients with EH and allows the use of B2-MGU as a marker of
kidney damage in EH (according to the high value of the coefficient of determination).

To establish the diagnostic value of the method for determining hyperbeta-2-MGU
(B2-MGU excretion less than 400 pg/L) as a marker of hypertensive nephropathy in patients
with EH, we determined indicators such as sensitivity, specificity, positive and negative
significance of the method. As a reference method, used the level of MAU, a traditional and
generally accepted laboratory indicator of impaired renal function. Based on the comparison
of the obtained results in the determination of MAU and B2-MGU, the initial data necessary
for the calculation of indicators were determined: the number of really positive (number of
patients with EH with nephropathy diagnosed by both reference and proposed method), really

negative results (number of patients without renal impairment according to both the reference
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and the test method) and the number of false-positive (number of patients with hypertensive
nephropathy detected by the method of assessing the level of B2-MGU, in those examined
without Kidney damage according to MAU) and the number of false-negative results (the
number of cases of absence of renal dysfunction according to the method with the assessment
of the level of B2-MGU in patients with established hypertensive nephropathy by the

reference method).
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Fig. 2. The results of regression analysis of the relationship between the level of

urinary albumin excretion and the value of B2-MGU in patients with EH

According to our data, the method of diagnosing hypertensive nephropathy by the
level of B2-MGU excretion in the daily urine (more than 400 pg/L), has a fairly high
sensitivity (Se = 85%), specificity (Sp = 83.33% ) and sufficient positive and negative
prognosis (PVP = 97.14% and PVN = 45.45%) in relation to the diagnosis of nephropathy in
EH.

The data obtained by us are consistent with some works of other researchers, in this
study there were registered an increase in protein of surface antigens of cell nuclei in patients
with EH, and the dynamics of this microprotein, the authors evaluated the effectiveness of
therapy on the background of treatment with spirapril [16]. Also there were noted that the
determination of low molecular weight urinary proteins (beta2- and alphal-MG, retinol-

binding protein, urinary protein-1) is a valuable clinical tool for assessing functional
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impairment of the kidneys in adults and children [17]. At that time after examination of about
3 thousand patients with EH with varying degrees of hypertension, there were found in more
than 30% of patients increased levels of urinary B2-MG, explaining this by overdiagnosis of
EH and linking the data with the presence of this group of persons with primary kidney
damage and symptomatic hypertension [18]. Researchers found no significant differences in
the level of urinary excretion of B2-MG in EH, in contrast to patients with renal parenchymal
hypertension, in whom a significant increase in B2-MGU, which allows, according to the
authors, to use this indicator as a differential-diagnostic criterion between the above
nosologies [19]. Despite this, another group of researchers noted in their work a statistically
significant increase in the level of B2-MG excretion in hypertensive patients with low plasma
renin activity compared with patients with normoreninemia [20]. Laser nephelometry was
used to evaluate the dynamics of uroproteins on the background of therapy with various
antihypertensive drugs in patients with mild and moderate hypertension [21]. The analysis of
the data obtained by these authors testified to the sufficient informativeness of the B2-MGU
indicator, which, together with the excretion of other microproteins, allows not only to assess
the functional state of the kidneys, but also to monitor the effectiveness of therapy and clarify
the prognosis. The increased level of excretion of B2-MG in the urine in EH in comparison
with almost healthy, also were indicated in some works, assessing the dynamics of this
indicator depending on the functional state of the kidneys. They concluded that as the reserve
capacity of the kidneys to increase GFR after the test with oral protein load, the level of B2-
MGU increases significantly [22]. Another scientist noted the presence of hyper-beta-2-MGU
in patients with EH, without specifying the possible mechanisms of increased excretion of this
low molecular weight protein and its relationship with the degree of hypertension and stage of
the disease [23]. Increased level of urinary excretion of markers of dysfunction of the tubular
epithelium in EH (B2-MG and lysosomal enzyme N-acetyl-beta-D-glucosaminidase) noted in
few works, emphasizing that the increased excretion of these microproteins is a fairly early
predictor of the progression of cardiovascular disease [24]. These authors in their dissertations
also demonstrated the indisputable fact that in patients with EH as the concentration of
homocysteine increases in the blood (an independent risk factor for cardiovascular disease
and increased mortality), significantly increased urinary excretion of B2-MG and N-acetyl-
beta-D-glucosaminidase (markers of tubular dysfunction). At the time, study data showed that
patients with mild hypertension have an increased level of excretion of N-acetyl-beta-D-

glucosaminidase, and this enzyme was statistically significantly related to the age of patients,
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sodium excretion and blood glucose, but the interdependence of N-acetyl-beta-D-
glucosaminidase and SBP levels was statistically insignificant [25].

It should be noted from the analysis of the data presented in the literature, that the
increased excretion of B2-MG may be due to a number of mechanisms, including: excessive
filtration through the affected by hypertension glomerular filter B2-MG, exceeding the
threshold of reabsorption of the proximal tubular epithelium; dysfunction of the tubular
apparatus of the kidneys, due to both generalized changes in intrarenal hemodynamics and
impaired blood flow in the paratubular capillaries due to changes in the tone of the efferent
arterioles (pathological effect of angiotensin Il); nephrotoxic effect of "filtered" albumin on
tubulointerstitial tissue with subsequent possible formation of fibrosis and the development of
proteinuric remodeling of the interstitium [26]. The above mechanisms form the pathogenetic
preconditions for the development of tubular dysfunction and subsequent interstitial sclerosis,
which, together with damage and increased permeability of the glomerular filter of nephrons,
determines the damage to the kidneys as a target organ in EH in the formation of hypertensive
nephropathy.

Thus, summarizing the above data, it can be noted: the study showed that the method
of determining the excretion of B2-MG as a marker of hypertensive nephropathy can be used
for this purpose as an effective method with high sensitivity and specificity. Determination of
B2-MGU, together with the assessment of urinary albumin excretion, allows to
comprehensively characterize not only the severity of permeability of the glomerular filter,
but also the dysfunction of the tubular apparatus, which will generally assess the degree of
involvement of the kidneys in the early preclinical stage. The high frequency and severity of
hyper-B2-MGU in EH, which increased as the disease progressed, the pathogenetic
relationship of increased B2-MGU excretion with impaired renal hemodynamics, indicators
of daily blood pressure monitoring, the degree of left ventricular myocardial hypertrophy and
reduced its pumping function, give grounds to consider it possible additional important
clinical and prognostic factor in the development of complications in EH. Studying the effect
of different groups of antihypertensive drugs on the dynamics of B2-MGU in patients with
EH will assess the organoprotective effect of therapy, and monitoring the excretion of B2-MG
in the urine during treatment can be used as a criterion for treatment, which is a promising

goal research.
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Conclusions:

1. In patients with EH is forming hypertensive nephropathy, which is characterized by
statistically significant excessive excretion of B2-MG in the urine compared with almost
healthy individuals.

2. The B2-MGU indicator can be used as an adequate marker of hypertensive
nephropathy, as having high sensitivity, specificity, positive and negative prognosis.

3. In patients with increased excretion of B2-MG violations of intrarenal
hemodynamics were registered significantly more often, violations of functional renal reserve,
violations of vascular resistance of renal vessels, in a significantly higher percentage there
were pathological changes in circadian rhythm of BP and renal filtration function, the
prevalence of concentric and eccentric hypertrophy, proteinuria, which indicates an important
clinical, diagnostic and prognostic value of hyper-B2-MGU.

Prospects for further research. A promising goal of future studies is to assess the effect
of combination therapy with inhibitors of the renin-angiotensin system on the state of intrarenal
hemodynamics and the functional state of the kidneys.
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