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Renal Resistive Index and Urinary N-acetyl-B-glucosaminidase
as Predictors of Early Renal Involvement in Patients With
Essential Hypertension

Amany A Mousa® ¢, Mervat M El-Eshmawy?, Eman H El-Adawy?, Lamiaa F Arafa®,
Adel El Badrawy®, Omayma M Saleh®

Abstract

Background: The long-standing essential hypertension causes re-
nal injury. N-acetyl-p-glucosaminidase (NAG) was considered as
an indicator of the functional status of the renal tubules. The resis-
tive index (RI), measured at the level of the interlobar arteries, is
thought to reflect downstream vascular impedence and therefore,
has been suggested as a measure of renal arterial stiffness. The aim
of this study was to investigate whether changes in renal function
assessed by urinary N-acetyl-f-glucosaminidase (NAG) and pro-
teinurea are present in hypertensive patients with normal serum
creatinine and the association of these changes with renal vascular
resistance assessed by ultrasound Doppler.

Methods: The study enrolled 78 patients with essential hyperten-
sion and 57 age- and sex-matched normotensive subjects. BMI, cre-
atinine, creatinine clearance, uric acid, lipid profile, total proteins,
NAG and creatinine in urine were assessed. RI was evaluated by
ultrasound Doppler of the interlobar arteries.

Results: Hypertensive patients had significantly higher urinary ex-
creted NAG, total urinary proteins and RI than controls. RI was
significantly correlated with age, systolic blood pressure, hyperten-
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sion duration, total proteins, total cholesterol, excreted NAG and
creatinine clearance. In multivariate analysis RI was significantly
and independently influenced by NAG and creatinine clearance.

Conclusions: Early glomerular and tubular dysfunctions precede
the overt changes in serum creatinine and glomerular filtration rate
in hypertensive patients. Resistive index is increased along with
these abnormalities. So, it should be regarded as a marker of early
renal and systemic vascular damage and could help identify hyper-
tensive patients for whom more aggressive preventive and thera-
peutic measures are advisable.

Keywords: Essential hypertension; N-acetyl-f-glucosaminidase
(NAG); Resistive index

Introduction

The long-standing essential hypertension causes renal injury
[1]. Renal dysfunction is often overlooked but relatively
common condition in patients with primary hypertension.
Although a slight elevation of serum creatinine is present
in 3% to 10% of hypertensive patients, up to 30% of them
show a mild or moderate reduction in renal function when
glomerular filtration rate is estimated by more sensitive tests
such as creatinine clearance [2]. It has recently been empha-
sized that the presence of renal dysfunction entails a cluster
of unfavorable hemodynamic and metabolic changes that
may accelerate the process of atherosclerosis and aggravate
the global burden of cardiovascular risk [3].

The evaluation of renal vasculature and blood flow by
Doppler ultrasonography is performed in hypertensive pa-
tients with increasing frequency [4]. The resistive index (RI),
measured at the level of the interlobar arteries, is thought
to reflect downstream vascular impedence and therefore, has
been suggested as a measure of renal arterial stiffness [5].
Increased RI has been shown to correlate with the severity of
renal damage in primary renal diseases [6] and to predict the
rate of progression to end-stage renal disease [6, 7].

N-acetyl-p-glucosaminidase (NAG), is a lysosomal en-
zyme normally excreted in low amounts in the urine as a
consequence of the physiological exocytosis process in the
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proximal tubular cells, but is excreted in abnormally high
amounts in many situations characterized by exposure of
these cells to various toxic substances, and it is therefore an
indicator of the functional status of the renal tubules as well
as tubular damage [8].

There is no doubt, however, that other factors besides
elevated blood pressure contribute to the development and
progression of hypertensive nephropathy (HN) [9].

The aim of this study was to detect early changes in re-
nal function assessed by urinary NAG and presence of pro-
teinurea in hypertensive patients with normal serum creati-
nine and the association of these changes with renal vascular
resistance assessed by ultrasound Doppler.

Methods

The study comprised 78 patients with essential hypertension
(30 males and 48 females) and 57 age- and sex-matched nor-
motensive subjects. The hypertensive patients were attend-
ing the out patient clinic at Mansoura Specialized Medical
Hospital. All subjects signed an informed consent to be in-
cluded in our study. The study was approved by the local
ethical committee.

The main inclusion criteria were as that: patients with
essential hypertension with duration not less than five years
and normal serum creatinine. Only subjects whose antihy-
pertensive regimens were not modified in the past 6 months
were included. Exclusion criteria included the presence of
chronic pyelonephritis, primary glomerulonephritis, and
peripheral arterial disease. Also the presence of neoplasia,
hepatic or chronic heart failure (New York Heart Associa-
tion class III and IV), positive history or clinical signs of
ischemic heart disease, diabetes mellitus and morbid obesity.

Diagnosis of essential hypertension was made by the at-
tending physician after complete medical history and physi-
cal examination. Routine biochemical analyses of blood and
urine (including urine sediment evaluation) were carried out
for each patient. Further investigation was performed only
when abnormalities were found in these analyses, or when
other symptoms or signs suggesting secondary hyperten-
sion were present. On the study day, after an overnight fast,
height and weight were measured and venous blood was
drawn to carry out routine blood tests. Blood pressure was
measured with the patient in the sitting position after a 5-min
rest, with a mercury sphygmomanometer (cuff size 12.5 by
40 cm). The systolic and diastolic blood pressure was read to
the nearest 2 mmHg. Disappearance of Korotkoff’s sounds
(phase V) was the criterion for diastolic BP. The lowest of
three consecutive readings were recorded. Body mass index
(BMI) was calculated by the formula: weight (in kilograms)/
height (in meters squared). Creatinine, uric acid, total cho-
lesterol (TC), triglyceride (TG), high density lipoprotein
cholesterol (HDL-c), low density lipoprotein cholesterol
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(LDL-c) and other standard blood chemistry evaluations
were performed on the serum, according to routine methods.

Second morning urine sample were obtained. Total uri-
nary proteins were measured by Coomassie blue method as
mg/L and urinary creatinine were measured automatically
on a HITACHI 717 Instrument (Boehringer, Mannheim,
Germany) by the Jaffe’ method without deproteinization as
g/L. Urinary proteins excretion was expressed as mg/g uri-
nary creatinine. For the determination of NAG in the second
morning urine samples, a colourimetric assay was performed
using 3-cresolsulfonphthaleyn-N-acetyl-p-Dglucosaminide
which is hydrolysed by NAG with the release of 3-cresol-
sulfonphthaleyn sodium salt, which is measured photometri-
cally at 580 nm on a HITACHI 717 Instrument; the results
were expressed in units/ gram of urinary creatinine (U/gm).
Creatinine clearance was estimated by the Cockcroft-Gault
formula [10].

Renal ultrasonography was performed as reported in
Pontremoli et al. [11]. Doppler signals were obtained from
the interlobar arteries by placing the sample volume at the
edge of the medullary pyramids. Mean RI ((Peak systolic ve-
locity — End-diastolic velocity)/ Peak systolic velocity) was
calculated by using six measurements (three from each of the
two kidneys) taken for each patient. The ultrasound exami-
nation of the kidneys and pulsed Doppler of the intrarenal
arteries were performed using a Hitachi AU 450 machine
(Tokyo, Japan) with a 3.5-MHz transducer working at 2.5
MHz for Doppler analysis.

Statistical analysis

Data were analyzed using SPSS statistical package version
10 (SPSS, Inc., Chicago, IL, USA). The quantitative data
were presented as a mean and a standard deviation. For the
qualitative data, Student t-test was used to compare between
two groups. Simple regression analysis was performed with
urinary NAG, total urinary proteins and RI as the dependent
variables and all other parameters as independent variables.
Multiple regression analysis to assess the independent effect
of studied variables on RI was also performed. P value of <
0.05 indicates significant results.

Results

Baseline characteristics of the hypertensive patients and
healthy controls are given in Tablel. Hypertensive patients
had significantly higher BMI, systolic, diastolic blood pres-
sure (P < 0.001), serum uric acid, urinary NAG (P < 0.001),
total proteins, TC, TG, LDL-c and RI (P <0.001), creatinine
clearance was significantly lower compared to normal con-
trols (P =0.001).

Table 2 showed urivariate correlation of urinary NAG,
total proteinurea and RI with clinical and biochemical vari-
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Table 1. Clinical and Biochemical Characteristics of Hypertensive Patients and Healthy Controls

Parameters Hypertensive Controls P
Age (years) 45.82+7.78 46.73 £ 12.15 NS
BMI (kg/m?) 31.46 +4.55 28.91+£3.42 0.001
SBP (mmHg) 154.48 £17.62 116.66 + 8.3 <0.001
DBP (mmHg) 94.87 +16.57 76.14 +5.42 <0.001
Serum creatinine (mg/dl) 0.81+£0.27 0.76 £0.17 NS
Serum uric acid (mg/dl) 537+1.12 4.31+0.87 <0.001
Urinary NAG (U/gm creatinine) 17.12+5.36 6.84 £ 1.25 <0.001
Total urinary proteins (mg/g creatinine) 270.71 + 64.3 44.99 +39.08 <0.001
TC (mg/dl) 219.71 £22.16 134.8 +34.44 <0.001
TG (mg/dl) 136.71 + 25.04 111.03 £ 34.05 <0.001
HDL-cholesterol (mg/dl) 45.6+£10.5 46.7+11.2 NS
LDL- cholesterol (mg/dl) 147.08 +25.69 76.01 £35.63 <0.001
Creatinine clearance 104.5 £ 27.25 126.36 +20.67 0.001
RI 0.69 +0.26 0.45+0.09 <0.001

Data are expressed as mean * standard deviation, P is significant if < 0.05, BMI: Body mass index, SBP: Systolic blood pressure,
DBP: Diastolic blood pressure, TC: Total cholesterol, TG: Triglyceride, LDL-c: Low density lipoprotein cholesterol, HDL-c: High
density lipoprotein cholesterol, NAG: N-acetyl-B-glucosaminidase, RI: resistive index.

ables. There was a statistically significant correlations be-
tween urinary NAG excretion and age, systolic blood pres-
sure, duration of hypertension, serum uric acid, total urinary
proteins and RI (P = 0.001). Total urinary proteins were
positively correlated with systolic blood pressure, duration
of hypertension, serum uric acid and resistive index (0.014).
Resistive index was significantly correlated with age, systol-
ic blood pressure, hypertension duration, TC and creatinine
clearance.

A multiple regression analysis to assess the independent
effect of studied variables on RI was also performed (Table
3). RI was significantly and independently influenced by
age, systolic blood pressure, Urinary NAG (P = 0.003) and
creatinine clearance.

Discussion

The kidney plays a dual role in primary hypertension [12].
On the one hand, it is thought to be the cause of blood pres-
sure elevation; on the other, it may suffer from the long-term
negative consequences of the hypertensive state. Further-
more, renal function may serve as a sensor of cardiovascular
risk, since it is inversely related to the occurrence of car-
diovascular events. The incidence of cardiovascular disease

progressively increases as glomerular filtration rate deterio-
rates, reaching dramatically high levels in patients on renal
replacement therapy [13].

In the present study, the urinary NAG excretion was
significantly elevated in hypertensive patients compared to
control subjects. Similar findings were reported by Tylicki
et al. [14] and Kretowicz et al. [15]. In addition, the elevated
urinary NAG excretion had statistically significant univari-
ate correlations with patient’s age, duration of hypertension,
systolic blood pressure and serum uric acid. Tylicki et al.
[9] found statistically significant correlations between uri-
nary NAG excretion and age, plasma level of uric acid, and
HOMA-IR index.

It has long been known that overt proteinuria is a strong
independent risk factor for cardiovascular disease both in
diabetic and nondiabetic populations [16]. The total urinary
protein in our study was significantly higher in patients than
healthy controls and was significantly correlated with dura-
tion of hypertension, systolic blood pressure, serum uric acid
and urinary NAG excretion. So, the abnormalities in both
urinary NAG excretion and proteinuria were correlated with
a cluster of unfavorable abnormalities like old age, long-
standing hypertension, higher systolic blood pressure and
uric acid.

In our study the serum creatinine of the hypertensive
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Table 2. Univariate Correlation of Urinary NAG, Total Proteins and Resistive Index With Clini-
cal and Biochemical Variables in Hypertensive Patients

Variables R P
Urinary NAG
Age (years) 0.342 0.044%*
SBP (mmHg) 0.556 0.001*
Duration of hypertension (years) 0.764 <0.001*
Serum uric acid (mg/dl) 0.612 <0.001*
Total urinary proteins (mg/gm creatinine) 0.466 0.005%*
RI 0.536 0.001*
Total urinary proteins
SBP (mmHg) 0.354 0.037*
Duration of hypertension (years) 0.374 0.027*
Serum uric acid (mg/dl) 0.54 0.001%*
RI 0.411 0.014*
Resistive index
Age (years) 0.347 0.041%*
SBP (mmHg) 0.573 <0.001%*
Duration of hypertension (years) 0.691 <0.001%*
TC (mg/dl) 0.328 0.03*
Creatinine clearance -0.339 0.02*
Total urinary proteins 0.411 0.014*

NAG: N-acetyl-B-glucosaminidase, SBP: Systolic blood pressure, RI: resistive index, TC: Total choles-

terol, *P is significant if < 0.05.

patients was normal; Leoncini et al. [17] stated that serum
creatinine, is a less accurate indicator of renal function as
compared with creatinine clearance, since the latter takes
into account age, gender, and body weight, variables that are
known to influence glomerular filtration rate. Although the
estimated creatinine clearance in our patients was found to
be significantly lower than normal subjects, yet within the
normal range. So, our findings support the fact that the pres-
ence of normal creatinine clearance would not exclude the
beginning of renal affection in hypertensive subjects.

BMI was significantly higher than in controls; however,
it had no significant correlations with the assessed variables
for renal dysfunction. This finding seems to be in contrast
with other evidence that highlighted the importance of obe-
sity as risk factor for end-stage renal disease [18]. However
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this evidence arises chiefly from longitudinal studies includ-
ing severely obese subjects. In our study, patients with BMI
greater than 35 kg/m? were excluded to reduce the potential
influence of the glomerulopathy related to an increased BMI
and especially to severe degrees of obesity. Moreover, the
Framingham Offspring Study showed that obesity was not
associated per se with an independent risk to develop stage 3
chronic kidney disease, after adjustment for known CV dis-
ease risk factors [19].

The clinical relevance of renal doppler indices has been
discussed equivocally. Our results showed a significant el-
evation of RI measured at the level of interlober arteries in
hypersensitive patients compared to controls. Some authors
relate these Doppler indices to damage of renal vascular bed
(nephroscleosis). However, others relate them to alteration
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Table 3. Multiple Regression Analysis of Resistive Index and Selected Variables

Variables B P 95% confidence interval
Age (years) 0.5 0.004* 0.251:1.168

SBP (mmHg) 0.479 0.002* 11.24 :46.117

Urinary NAG 0.582 0.003* 0.004 : 0.016

Creatinine clearance -0.464 0.031* 0.628 : 1.683

SBP: Systolic blood pressure, NAG: N-acetyl-p-glucosaminidase,*P is significant if < 0.05.

of the arterial system [20]. The increased RI was signifi-
cantly correlated with patient’s age, systolic blood pressure,
hypertension duration, total cholesterol. Taniwaki et al. [21]
reported that RI in patients with diabetic nephropathy was
significantly correlated with age, duration of diabetes, sys-
tolic and diastolic blood pressure. These data indicate that
renal RI could reflect systemic vascular damage. Moreover,
Ohta et al. [22] were able to show that RI correlated with ca-
rotid artery structure and elasticity in patients with essential
hypertension and explained it by the systemic arterial disease
with impairment of the mechanical properties of large artery
walls in these patients.

On the other hand, there was a significant correlation be-
tween the increased RI in our study and creatinine clearance,
urinary NAG and total proteins excretion. Moreover, multi-
variate regression analysis showed that the associations with
creatinine clearance and urinary NAG were independent of
other variables like age, blood pressure or serum cholesterol.
Similarly, Derchi et al. [23] reported an increase in intra renal
vascular stiffness may occur together with the impairment of
renal function independent of several potential confounders
such as age and blood pressure level. Others demonstrated
that RI > 0.8 is an even greater independent predictor of re-
nal disease progression than clinical proteinurea and glomer-
ular filtration rate reduction [24]. Boddi et al. [25] assessed
renal tubular function and RI in hypertensive and normoten-
sive patients with tubulointerstilial nephropathy and con-
cluded than RI measurement allows the early identification
of signs of tubular dysfunction when renal function is still
preserved. Recently, other study identified overt proteinurea
(> 1g/gm creatinine), RI (> 0.7) and high systolic pressure
(> 140 mmHg) as independent predictors of worsening renal
function [26].

Conclusion

Early glomerular and tubular dysfunctions precede the overt
changes in serum creatinine and glomerular filtration rate.
Resistive index is increased along with these abnormalities
in hypertensive patients. So, it should be regarded as a mark-

40 Articles © The authors | Journal compilation © World ] Nephrol Urol and Elmer Press™

er of early renal and systemic vascular damage and could
help identify hypertensive patients for whom more aggres-
sive preventive and therapeutic measures are advisable.
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