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and type 2 diabetes mellitus

Aim To study renal hemodynamics in patients with resistant arterial hypertension (RAH) in combination 
with type 2 diabetes mellitus (DM2) and to identify factors involved in the increase in intrarenal 
vascular resistance.

Material and methods This study included 59 patients (25 men) with RAH in combination with DM2. Mean age of 
patients was 60.3±7.9 years; 24‑h blood pressure (24‑BP) (systolic, diastolic, SBP / DBP) was 
158.0±16.3 / 82.5±12.7 mm Hg during the treatment with 4.3 [4.0;5.0] antihypertensive drugs; 
glycated hemoglobin (HbA1c) was 7.5±1.5 %; estimated glomerular filtration rate (eGFR) was 
73.1±21.8 ml / min / 1.73 m2 (CKD‑EPI equation). Measurement of office BP, 24‑h BP monitoring, 
renal artery (RA) Doppler, routine lab tests including determination of GFR (CKD‑EPI), 24‑h urine 
albumin excretion, and ELISA measurement of blood lipocalin‑2, cystatin C, high‑sensitive C‑reactive 
protein (hsCRP), and asymmetric dimethylarginine (ADMA) were performed for all patients.

Results Incidence of increased RA resistive index (RI) was 39 % despite the high rate of vasodilator treatment 
(93 % for renin‑angiotensin‑aldosterone system inhibitors, 78 % for calcium antagonists). According to 
a correlation and regression analysis, RA RI values were correlated with the kidney function (r=–0.46, 
p<0.001 for eGFR, r=0.56; p=0.006 for lipocalin‑2), age (r=0.54, p<0.001), increases in concentrations 
of hsCRP (r=0.35, p<0.001) and ADMA (r=0.39, p=0.028), the increase in vascular stiffness (r=0.59, 
p<0.001 for pulse BP (PBP) as well as DM2 duration, and HbA1c (r=0.33, p<0.001 for both). The 
independent association of RA RI with the age, PBP, and duration of DM2 was confirmed by the 
results of multivariate regression analysis. According to the ROC analysis, the threshold level of RA RI 
corresponding to a decrease in GFR <60 ml / min / 1.73 m2 was ≥0.693 conv. units.

Conclusion In more than one third of patients with RAH in combination with DM2, increased renal vascular 
resistance was documented, which was closely associated with impaired kidney function, age, DM2 
duration and severity, and markers of low‑grade inflammation, endothelial dysfunction, and vascular 
stiffness. The value of RA RI ≥0.693 conv. units was a threshold for the development of chronic kidney 
disease (CKD).
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Relevance
Type 2 diabetes mellitus (T2DM) and hypertension 

(RHTN) are the main causes of the development and 
progression of chronic kidney disease (CKD), which 
significantly increases the frequency of both renal and 
cardiovascular complications [1]. The combination of 
T2DM and drug-resistant HTN is associated with faster 
course of kidney damage process [2] and a progressive 
decrease in glomerular filtration rate (GFR). Renal 
resistive index (RRI) is a marker of subclinical kidney 
damage and reflects an increase in resistance renal [3] 

and other vascular systems. Prognostic significance 
of higher intrarenal vascular resistance is determined 
by a close relation with adverse renal outcomes [4–6], 
including in patients with T2DM [7, 8], and damage 
to other target organs in the form of thickening of the 
intima-media complex of the carotid artery, increased 
vascular stiffness, and the development of left ventricular 
hypertrophy [9–14]. The features of renal blood flow 
and its relationship with the kidney functional state, 
and the factors involved in increasing intrarenal vascu-
lar resistance in patients with resistant hypertension 
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(RHTN) combined with T2DM, have not been 
sufficiently studied. At the same time, the knowledge of 
the pathophysiology of impaired renal hemodynamics 
can significantly change treatment approaches to 
improving both renal and cardiovascular prognosis.

This study is based on the hypothesis that the 
deterioration of renal blood flow is closely related in 
patients with RHTN combined with T2DM with the 
deterioration of the kidney functional state and depends 
not only on metabolic and hemodynamic disorders, 
but also on chronic low-intensity inflammation and 
endothelial dysfunction.

Objective
Study the state of renal hemodynamics in patients 

with RHTN combined with T2DM and identify the 
factors involved in increasing the intrarenal vascular 
resistance.

Material and methods
The study included 59 patients with RHTN 

combined with T2DM admitted for severe HTN to the 
Hypertension Department, the Research Institute of 
Cardiology, the Tomsk Research Medical Center, from 
2013 to 2021. The diagnosis of RHTN was verified 
following to the Russian Guidelines for the Treatment 
of Arterial Hypertension [15]. Pseudoresistance, 
secondary HTN, severe T2DM, glycated hemoglobin 
(HbA1c) > 10 %, estimated glomerular filtration rate 
(eGFR) < 30 ml / min / 1.73 m2, pregnancy, chronic 
heart failure NYHA class III and IV were the exclusion 
criteria. Information on drug therapy was obtained by 
the survey.

All patients had office blood pressure and 24-hour 
blood pressure measured, renal Doppler ultrasound 
was performed and RRI was calculated. Automatic 
oscillometric measurement systems AVRM-04 
(Meditech, Hungary) and BPLab (Petr Telegin 
LLC, Russia) were used for 24-hour blood pressure 
monitoring. RRI was calculated by the following 
formula:

RI RA = Vsys – Vdia  ,Vsys 

where RRI is renal resistance index (peak systolic 
velocity – end-diastolic velocity) / peak systolic velocity 
measured at the level of segmental arteries [16].

Mean values of RRI in the upper, middle, and lower 
segments of the kidney were analyzed. RRI values of 
the left and right kidneys were also averaged given the 
absence of significant differences between the left and 
right kidneys. Patients with RRI differences > 10 % 

were excluded from the study. HbA1c was determined 
by enzymatic colorimetric method on an automatic 
biochemical analyzer Cobas 6000 c 501 (Roche 
Diagnosctics, Japan). C-reactive protein (hs-CRP), 
asym metric dimethylarginine (ADMA), lipocalin-2, 
and cystatin C were determined in blood serum by 
enzyme-linked immunosorbent assay using hs-CRP 
EIA test systems (Biomerica, USA), ADMA Xpress 
ELISA kit (Immunodiagnostik AG, Germany), Human 
Lipocalin-2 / NGAL and Human Cystatin C ELISA 
(BioVendor, Czech Republic). 24-hour urinary albumin 
excretion was estimated by enzyme immunoassay 
using Micro-Albumin diagnostic kit (ORGENTEC 
Diagnostika GmbH, Germany). Measurement of 
optical densities, construction of calibration graphs, 
assessment, and accounting of the quantitative contents 
of all indicators of interest were carried out using Infinite 
f50 microplate reader and Magellan Tracker software 
(Austria).

The study was carried out following the Good Clinical 
Practice and the Declaration of Helsinki. The study 
protocol was approved by the local ethics committee. 
All patients signed the informed consent and consent to 
personal data processing before the study.

The statistical analysis was carried out using the 
Statistica 10.0 and SPSS 26 for Windows. The normality 
of distribution was verified using the Shapiro-Wilk 
test. Normally distributed continuous variables were 
expressed as the means and standard deviations (M ± 
SD), non-normally distributed variables were expressed 
as the medians and the interquartile range (Me [25 %; 
75 %]). The qualitative and categorical variables were 
presented as the absolute and relative values (n (%)). 
The standard methods of descriptive statistics were 
applied, differences between continuous variables in the 
independent samples were detected using the Student’s 
t-test and the Mann-Whitney U-test. Qualitative 
indicators were compared by the conjugacy table 
analysis method using Pearson’s chi-squared test or the 
Fisher exact test. Univariate and multivariate regression 
analysis were used to search for possible correlations. 
Non-normally distributed variables were logged before 
being included in the regression analysis. ROC analysis 
was performed to calculate the sensitivity, specificity 
and find a diagnostic cut-off point. The critical 
significance value p = 0.05 was used for all statistical 
analysis procedures.

Results
The clinical characteristics of the examined patients 

are presented in Table 1, which shows that the majority 
of patients were over 60 years old and had a long course 
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of HTN and T2DM, a high incidence of obesity, left 
ventricular hypertrophy, and peripheral atherosclerosis; 
two of three patients had coronary artery disease.

As shown in Table 2, the majority of patients received 
beta-blockers, renin-angiotensin system inhibitors, cal-
cium channel blockers, and diuretics, spiro nolactone was 
administered by two of three patients. Hyperglycemia 
was corrected in every third patient using insulin drugs.

24-hour urinary albumin excretion data available for 
38 patients are presented in Table 3, according to which 
the majority of patients had normal or moderately 
elevated urine levels of albumin.

Mean RRI was 0.68 ± 0.08. A univariate correlation 
regression analysis was performed to identify factors 
associated with RRI (Figure 1). According to the 
data obtained, increased RRI was associated with 
age, parameters of renal dysfunction, elevated plasma 
hs-CRP and ADMA, vascular stiffness in the form of 
increased pulse blood pressure (PBP-24), long-term 
and severe course of T2DM, and decreased heart rate 
(r= –0.34, p<0.001).

Multiple linear regression showed the correlation 
between RRI and PBP and T2DM duration remained 

significant after being adjusted for age, sex, eGFR, and 
heart rate (HR) (Table 4).

A ROC analysis was performed to assess the prog-
nostic significance of RRI in the development of CKD 
(Figure 2). Threshold RRI corresponding to CKD S3 
(GFR <60 ml / min / 1.73 m2) was 0.693. Area under 
the curve was 0.753 (CI: 0.630–0.876); the observed 
dependence was statistically significant (p<0.001), with 
sensitivity of 68.8 % and specificity of 75.7 %.

Discussion
This work was first to provide information on the 

incidence of increased RRI in a selected group of 
patients with RHTN combined with T2DM. Despite 
the fact that the majority of patients took vasodilators, 
every third patient had increased intrarenal vascular 
resistance. It should be noted that the previous data 
concerned patients with RAH without T2DM or newly 
diagnosed T2DM, in whom this value was almost 2 
times lower. For example, the incidence of increased 
RRI was 7.2 % in the RESIST-POL study [17] and 
18.8 % in the work by Raff et al. [14]. In this work, the 
correlations of renal resistive indices and clinical and 

Table 1. Clinical characteristics  
of patients (M ± SD, Me [Q25; Q75], n (%))

Parameters Total (n = 59)
Age, years 60.3±7.9
Female, n (%) 34 (57.6)
Body mass index, kg/m2 35.2±6.0
Duration of HTN, years 22.1 [15.0; 33.0]
Duration of T2DM, years 9.7 [5.0; 14.0]
Coronary artery disease, n (%) 37 (62.7)
History of myocardial infarction, n (%) 10 (17.0)
History of ischemic stroke, n (%) 11 (18.6)
Peripheral atherosclerosis, n (%) 54 (91.5)
Dyslipidemia, n (%) 58 (98.3)
Abdominal obesity, n (%) 49 (83.1)
Left ventricular hypertrophy, n (%) 52 (88.1)
Office SBP/DBP, mm Hg 170.7±19.8 / 88.2±14.5
Office HR, bpm 70±9.2
SBP‑24/DBP‑24, mm Hg 158±16.3 / 82.5±12.7
HR, bpm 67.2±10.2
HbA1c, % 7.5±1.5
Basal glucose level, mmol/L 8.8±2.7
eGFR (CKD EPI), mL/min/1.73 m2 69.7±22.2
Chronic kidney disease, n (%) 30 (54.3)
S3A, n (%) 24 (40.7)
S3B, n (%) 6 (10.2)
AH, arterial hypertension; T2DM, type 2 diabetes mellitus; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; HR, heart 
rate; 24, mean 24‑hour values; HbA1c, glycated hemoglobin; eGFR, 
glomerular filtration rate estimated by the CKD‑EPI formula.

Table 2. Characteristics  
of antihypertensive and hypoglycemic therapy

Parameters Total (n = 59)

Antihypertensive therapy

Number of drugs 4.3 [4.0;5.0]

Beta‑blockers 49 (83.1)

Renin‑angiotensin‑aldosterone system inhibitors 55 (93.2)

Diuretics, n (%) 57 (96.6)

Calcium channel blockers, n (%) 46 (78.0)

Spironolactone, n (%) 37 (62.7)

I1 imidazoline receptor agonists, n (%) 15 (25.4)

Alpha blockers, n (%) 8 (13.6)
Sugar-lowering therapy

Diet therapy without hypoglycemic therapy 5 (8.47)

Metformin monotherapy 22 (37.3)

Combination oral hypoglycemic therapy 12 (20.3)

Insulin therapy + oral hypoglycemic therapy 20 (33.9)

Table 3. Albuminuria grades (KDIGO 2020)  
in patients with resistant arterial hypertension combined 
with type 2 diabetes mellitus (Me [Q25; Q75], n (%))

Parameters Total (n = 38)
Albumin excretion, mg/day 20.1 [9.2–90.0]
А1 23 (60.5)
A2 10 (26.3)
А3 5 (13.2)
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laboratory data were analyzed. According to the current 
knowledge, both renal factors (peripheral renal vascular 
resistance, interstitial and venous pressure) and systemic 
vascular changes (aortic stiffness, PBP, atherosclerosis) 
affect RRI values. In this regard, RRI is considered as 
an indicator of increased vascular stiffness and systemic 
atherosclerosis, which allows predicting both renal and 
cardiovascular outcomes [14, 18]. However, it should 
be noted that RRI was evaluated in the previous studies 
in patients with untreated or well-controlled essential 
HTN, and studies including patients with RAH lacked 
patients with T2DM [14], or T2DM had not been 
previously diagnosed [17].

The established hemodynamic determinants of 
in cre ased RRI include increased PBP, which was 
confirmed in our study including with age adjustment. 
Similar correlations were documented in several other 
works [10, 19, 20] including the Polish study RESIST-
POL in patients with RHTN [17]. At the same 
time, Raff et al. did not find any correlation between 
PBP and RRI [14]. There was no direct correlation 
between RRI and systolic BP previously identified 
in patients with controlled HTN [10, 21, 22] in the 
cohort of patients examined by us. This may be due 
to the nature of antihypertensive therapy, and the fact 
that the degree of vascular damage is determined in 

T2DM, type 2 diabetes mellitus; HbA1C, glycated hemoglobin; log, logged value;  
eGFR, estimated glomerular filtration rate; ADMA, asymmetric dimethylarginine; hs‑CRP, high sensitivity C‑reactive protein.

• Duration of T2DM
   (r=0.33, p<0.001)

• HbA1C 
   (r=0.33, p<0.001)

• log10Lipocalin-2
   (r=0.56, p=0.006)

• рСКФ
   (r=–0.46, p<0.001)

• Pulse BP 24
   (r=0.59, p<0.001)

• ADMA
   (r=0.39, p=0.028)

• Age
   (r=0.54, p<0.001)

•  log10hs-CRP
   (r=0.35, p<0.001)

Figure 1. Results of univariate regression analysis of correlations between renal resistive indices and clinical examination data

Table 4. Parameters of multiple linear regression analysis of age‑adjusted correlations of renal resistive indices (n = 59)

Variable Coefficient β Standard error β B Error B t p

Intercept – – 0.451 0.131 3.450 0.001
Age 0.106 0.109 0.001 0.001 0.978 0.333
Male –0.059 0.112 –0.008 0.015 –0.530 0.599
eGFR, mL/min/1.73m2 –0.210 0.114 –0.001 0.000 –1.842 0.072
SBP 24, mm Hg 0.205 0.110 0.001 0.000 1.865 0.068
Pulse BP 24, mm Hg 0.379 0.108 0.002 0.000 3.513 0.001
Duration of T2DM, years 0.260 0.119 0.003 0.001 2.181 0.034
HR, bpm –0.120 0.108 –0.001 0.001 –1.115 0.270
eGFR, estimated glomerular filtration rate; SBP 24, mean 24‑hour systolic blood pressure;  
pulse BP 24, mean 24‑hour pulse blood pressure; T2DM, type 2 diabetes mellitus; HR, heart rate.
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uncontrolled HTN by the severity of the pulsatile load 
rather than systolic BP.

Since vascular endothelial dysfunction may be a cau-
se of vasoconstriction, the direct correlation of  RRI 
with levels of endogenous NO-synthase inhibitor 
ADMA appears quite reasonable and corresponds to 
the findings of Calabia et al. [23]. Moreover, endothelial 
dysfunction is accompanied by a decrease in the anti-
inflammatory and antiproliferative potentials of the 
endothelium, which triggers vascular remodeling.

According to our findings, other factors associated 
with RRI were the severity and duration of the history 
of T2DM, which has a direct damaging effect on the 
vascular wall. The correlation between HbA1c and 
RRI was observed in patients with T2DM by Kawai 
et al. [21]. It is noteworthy that a direct correlation of 
RRI with basal glycemia in RAH was identified even in 
patients without T2DM [17].

Aging also leads to the remodeling and increased 
stiffness of vascular wall, which explains the correlation 
between RRI, and age documented in our study. Similar 
data were obtained in patients with controlled AH [10, 
23–25], T2DM [4], and RAH [17]. The detected inverse 
correlation of RRI with HR was previously described 
by Mostbeck et al. [26]. It is based on a trivial inverse 
dependence of the blood flow velocity in diastole on its 
duration.

According to the data obtained, RRI was directly 
correlated with the levels of hs-CRP, which is consistent 
with the results in AH patients without T2DM [27] and 

patients with CKD [28] and reflects the dependence 
of vascular resistance on the processes of low-intensity 
inflammation and the associated vasoconstrictor 
reactions and profibrotic changes.

The inverse correlation of RRI and eGFR, which 
characterizes the dependence of the kidney functional 
state on their blood supply, is also quite natural. 
Deterioration of renal blood flow may be accompanied 
by a rarefaction of the vascular bed and violated tubular 
blood supply, which triggers the processes of tubular 
damage. This is confirmed by the direct correlation of 
RRI with lipocalin-2, the most well-studied indicator of 
tubular damage [29].

One of the important results of our work was the 
determination of the RRI threshold (≥ 0.693), which 
determines the development of CKD. Similar results 
were obtained for patients with controlled AH [10, 21] 
including combined with T2DM [30].

We did not detect the correlation of RRI with 
albuminuria, unlike in the studies in patients with 
controlled HTN [10] and patients with T2DM 
[8]. This could be due to the small sample size and 
the nephroprotective effects of long-term therapy 
with renin-angiotensin system inhibitors and met-
formin [31].

There was no significant correlation between RRI 
values and sex, despite the fact that in some studies, 
female patients had higher RRI [5, 21, 22, 32], which 
could also be due to a small patient sample.

Conclusion
Thus, increased renal vascular resistance was docu-

men ted in more than a third of patients with RHTN 
combined with T2DM; it was closely correlated with 
renal dysfunction, age, duration of history and severity 
of T2DM, and markers of low-intensity inflammation, 
endothelial dysfunction, and vascular stiffness. RRI 
≥0.693 can be considered as diagnosis cut-off point for 
CKD.

This study was limited to the small number of patients 
and the survey of treatment compliance.

The practical significance of this study is primarily 
the identification of RRI threshold associated with the 
progression of CKD in the selected group of patients 
with RHTN combined with T2DM. In future, studies 
may examine the efficacy of targeted therapy for kidney 
damage and renal and cardiovascular prognosis with 
the effects on vascular stiffness, endothelial dysfunction, 
and systemic low-intensity inflammation.
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