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Abstract: Objective: Hypertension (HT) and prehypertension (preHT) were independent predictors of cardiovascular 
diseases. Urinary albumin leakage is a manifestation of generalized vascular damage. B-type natriuretic peptide 
(BNP) is a vasoactive peptide secreted by left ventricle in response to myocytic stretch. We aimed to investigate 
relationship between microalbuminuria (MA) and BNP in untreated elevated blood pressures. Methods: Of 105 
untreated prehypertensive subjects (53 men, 52 women), 100 hypertensive subjects (51 men, 49 women) and 57 
normotensive subjects (32 men, 25 women) none had history of diabetes. Urine albumin excretion was measured 
by immunoradiometric assay in morning urine sample. Results: The prevalence of MA was higher in hypertensive 
group than in prehypertensive group and in normotensive group (Hypertensive group; 33.9%, prehypertensive; 
25.9%, normotensive; 10%). Subjects with HT had higher prevalence of microalbminuria; larger body mass index, 
higher levels of triglycerides, blood glucose and creatinin were more common in subjects with HT than in those 
with preHT. In hypertensive group; patients with microalbuminuria had higher systolic blood pressure (SBP), BNP, 
LVMI and lower eGFR as compared to those without MA. MA was significantly correlated with LVMI, BNP and SBP. 
In multivariate regression analysis, SBP (β: 0.361; P < 0.001), LVMII (β: 0.267; P = 0.011) and BNP (β: 0.284; P = 
0.005) were independent variables associated with MA in hypertensives. In prehypertensive group; patients with 
microalbuminuria had higher SBP, BNP, LVMI and lower eGFR as compared to those without MA. MA was signifi-
cantly correlated with LVMI, BNP and SBP. In multivariate regression analysis, SBP (β: 0.264; P = 0.002), LVMI (β: 
0.293; P = 0.001) and BNP (β: 0.168; P = 0.045) were associated with MA in prehypertensives. Conclusions: In 
preHT and HT, SBP, BNP and LVMI are associated with MA. In the evaluation of increased blood pressures, in case 
of increased BNP and LVMI, MA should be investigated even in prehypertensive stages. The subjects with increased 
blood pressures should get medical treatment to prevent the effects on vascular structure and myocardium even in 
prehypertensive phase.
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Introduction

Hypertension (HT) is one of the major risk factor 
for cardiovascular disease and a leading cause 
of mortality and morbidity worldwide. Even in 
high-normal levels [1], described as prehy- 
pertension (preHT) [2-4], increased blood 
pressure (BP) was associated with various 
cardiovascular events [5-7].

Urinary albumin leakage is a manifestation of 
generalized vascular damage [8]. Microalbu- 
minuria (MA) (urinary albumin excretion (UAE) 
of 30-300 mg/24 h has been determined as an 

important prognostic indicator, in various clini-
cal conditions, and has been reported to be 
associated with increased cardiovascular risk 
and progressive renal damage. In patients with 
HT, MA has been pointed as a marker of cardio-
vascular complications and a reliable predictor 
of ischaemic heart diseases [9, 10]. Left ven-
tricular hypertrophy and increased carotid 
artery intima-media thickness, both subclinical 
cardiovascular diseases, are associated with 
MA in individuals at increased risk of cardiovas-
cular disease in whom blood pressures are over 
the normal ranges [11-13].
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B-type natriuretic peptide (BNP) is a vasoactive 
peptide which is secreted by the left ventricle 
(LV) in response to myocytic stretch and is 
involved in regulating volume homeostasis and 
cardiac remodeling [14, 15]. BNP is utilized in 
the clinical setting as a diagnostic tool to iden-
tify heart failure (HF) and LV dysfunction in 
addition to providing prognostic information in 
patients with HF, HT, and coronary artery 
disease(CAD) [16-19]. Several studies have 
shown a definite relationship between BNP and 
myocardial stiffness particularly in HT [20, 21].

Through these data we hypothesized that as in 
HT, preHT may have detrimental effects on left 
ventricle and systemic vasculature. In this study 
we aimed to investigate the relationship 
between untreated preHT, MA and BNP level.

Methods

The study population consisted of two main 
groups; normotensive control group, and 
patients with increased blood pressures. The 
group with increased BP was comprised of 205 
newly diagnosed patients (104 male, 101 
female). The subjects for the study were cho-
sen from the patients applied to our polyclinic 
for increased BP. No subjects received antihy-
pertensive treatment before and at the time of 
the study. The secondary causes of increased 
BP were ruled out by laboratory, radiological, 
and other clinical examinations. All subjects 
with increased BP were classified according to 
the Joint National Committee VII report 7 (JNC 
VII) criteria: preHT (n = 105), HT (n = 100). None 
of the patients had angina pectoris, and no 
regional wall motion abnormalities were pres-
ent on two dimensional echocardiograms. The 
normotensive control group included 57 adult 
patients (32 male, 25 female) with structurally 
normal hearts. Subjects with any systemic dis-
ease such as hemolytic, hepatic, and renal dis-
eases or any disease that could cause myocar-
dial impairment were excluded. None of the 
subjects had cerebrovascular disease before.

Weight and height were measured to calculate 
body surface area (square meters) and body 
mass index (kilograms per square meter). The 
study protocol was approved by the Science 
and Ethics Committee of our institution. 
Informed consent was obtained from each 
patient. 

Echocardiographic studies

In this study, a Vingmed Vivid Seven Doppler 
echocardiographic (GE Vingmed Ultrasound, 
Horten, Norway) unit with a 2.5 MHz flat phase-
darray (FPA) probe was used. During echocar-
diography, a one-lead ECG was recorded con-
tinuously. During transthoracic echocardiogra-
phy (TTE), the left ventricular end-diastolic 
diameter (LVDD), wall thickness, and LA diam-
eter were measured from parasternal M-mode 
recordings according to the standard criteria 
[22]. During TTE, ejection fraction was calcu-
lated with the modified Simpson’s method by 
measuring the left ventricular end-diastolic and 
end-systolic volumes with apical four-chamber 
view [23]. The left ventricular mass was calcu-
lated from M-mode records taken on paraster-
nal long-axis images according to the following 
formula (corrected American Society of Echo- 
cardiography cube method): LVM = 0.8 × (1.04 
[(IVSd + PWd + LVDD) 3- (LVDD)3]) + 0.6 g 
where LVM is left ventricular mass, PWd is the 
posterior wall thickness at diastole, IVSd is the 
interventricular septum thickness at diastole, 
and LVDD is the left ventricular diastolic diam-
eter [24, 25]. To take into account differences 
in body size that may influence heart size, the 
left ventricular mass was divided by height to 
create a left ventricular mass index.

A voided morning urine sample, at the baseline 
examination, was used to measure urinary 
albumin concentration as determined by radio-
immunoassay (ICN, gamma counter micromed-
ic 27027 USA). The urine albumin creatinine 
ratio (UACR) was used as the index of the urine 
albumin excretion. To define microalbuminuria 
in morning urine specimens, we used the UACR 
cutoff value of 30-300 g/mg for both men and 
women. Subjects with UACR < 30 g/mg were 
defined as having normoalbuminuria, and those 
with UACR > 300 g/mg were defined as having 
macroalbuminuria.

For BNP measurements, blood samples were 
placed on ice and processed within 60 min. An 
established sequential sandwich immunoas-
say (Biosite, Inc., San Diego, California) was 
used for the quantification of BNP [10, 11]. The 
minimal detectable concentration is 5 pg/ml. 
The coefficient of variation is 5.0% at 52.5 pg/
ml. Serum lipid levels (total cholesterol [TC], 
high density lipoprotein cholesterol [HDL-C], 
and triglyceride [TG]) were measured using 
automated enzymatic methods at each facility 
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[26]. Low-density lipoprotein cholesterol (LDL-
C) was calculated according to the Friedewald 
equation [27, 28]. To exclude patients with dia-
betes mellitus, the hemoglobin A1c (HbA1c) 
level was measured using well established 
methods and high-performance liquid chroma-
tography with an appropriate gel column and an 
automated analyzer [29, 30].

Statistical analysis

Statistical Package of the Social Sciences 
(SPSS 13.0) software (SPSS, Inc., Chicago, IL, 
USA) was used for statistical analysis. Data 
were presented as mean ± SD. The chi-square 
test was used for categorical variables. The 
Mann-Whitney test was used to compare vari-
ables between groups. Relationships between 
variables were examined with Pearson correla-
tion coefficients. In prehypertensive and hyper-
tensive groups, multivariate regression analy-
ses were performed to examine the predictors 

of abnormal albuminuria in study groups with 
preHT and HT. A P-value < 0.05 was considered 
to be statistically significant. 

Results

The clinical variables of the healthy, prehyper-
tensive, and hypertensive groups are listed in 
Table 1. Among the three groups, age, gender, 
heart rates, body mass index, fasting glucose 
levels, and lipid profiles were similar. The echo-
cardiographic parameters of the normotensive, 
prehypertensive, and hypertensive subgroups 
are shown in Table 1.

In hypertensive group IVS was significantly 
increased when compared to the prehyperten-
sive group (P = 0.022). LVMI was significantly 
increased in hypertensive group as compared 
to the prehypertensive group (p = 0.004). BNP 
was significantly increased in hypertensive 
group when compared to the prehypertensive 
group (p < 0.001). While Mitral-A was signifi-

Table 1. Characteristics of the study groups
Normotensive group 

(n = 57)
Prehypertensive group 

(n = 105)
Hypertensive group 

(n = 100)
Age (years) 51.28 ± 3.11 50.07 ± 6.64 52.17 ± 4.83
Gender (Male) 32 (56%) 53 (51%) 51 (51%)
Heart rate (beats/min) 78.24 ± 10.18 79.43 ± 11.73 76.95 ± 9.68
BMI (kg/m2) 24.84 ± 3.72 25.33 ± 3.48 25.09 ± 2.95
SBP (mmHg) 110.78 ± 8.49 131.46 ± 5.13# 154.3 ± 11.52#

DBP (mmHg) 71.66 ± 6.83 81.84 ± 6.26# 91.1 ± 9.60#

Smoking (n. %) 29 (50%) 48 (46%) 51 (51%)
Glucose (mg/dl) 117.6 ± 29.0 115.9 ± 23.7 118.6 ± 25.2
Total Cholesterol (mg/dl) 206.6 ± 22.3 209.1 ± 25.2 211.0 ± 20.9
LDL-C (mg/dl) 114.2 ± 18.3 112.9 ± 15.0 116.4 ± 13.0
HDL-C (mg/dl) 47.8 ± 15.2 45.9 ± 13.8 46.2 ± 14.0
Triglyserid (mg/dl) 155.5 ± 77.2 153.9 ± 82.0 156.8 ± 74.1
BNP (ng/l) 43.56 ± 19.81 140.63 ± 72.38# 173.65 ± 81.04#,β

Creatinine (mg/dl) 0.73 ± 0.18 0.81 ± 0.14¶ 0.87 ± 0.17#,β

eGFR (ml/min/1.73 m2) 74.03 ± 5.20 68.94 ± 5.73# 68.43 ± 6.78#

Urinary albumin (mg/g Cr) 20.12 ± 12.92 31.84 ± 19.39# 41.99 ± 34.73#,♥

CRP (mg/L) 3.48 ± 1.81 6.99 ± 3.74# 10.31 ± 8.65#,β

Echocardiograhic parameters
LVEF (%) 73.22 ± 6.55 74.01 ± 7.51 74.01 ± 5.12
Mitral-E (m/s) 0.86 ± 0.16 0.73 ± 0.13# 0.69 ± 0.13#

Mitral-A (m/s) 0.68 ± 0.06 1.02 ± 0.23# 0.92 ± 0.12#

Mitral E/A 1.26 ± 0.23 0.75 ± 0.20# 0.76 ± 0.15#

LVMI (g/m2) 57.96 ± 14.02 63.79 ± 10.26□ 67.65 ± 15.95#,¥

#p < 0.001 versus normotensive group; ¶p < 0.005 versus normotensive group; □p < 0.005 versus normotensive group: βp < 
0.005 versus prehypertensive group; ♥p < 0.05 versus prehypertensive group; ¥p < 0.001 versus prehypertensive group.
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cantly decreased in hypertensive group, Mitral 
E/A ratio was found similar between hyperten-
sive and prehypertensive groups. 

pertensive and  in untreated hypertensive sub-
jects, SBP, BNP and LVMI were significantly 
associated with MA.

Figure 1. Prevelance of MA in patients with preHT.

Figure 2. Prevelance of MA in patients with HT.

Figures 1 and 2 show the distribu-
tion of the MA (UACR; mg/g creati-
nine [mg/g Cr]) in patients with 
preHT and HT, respectively. MA was 
detected 25.9% of prehypertensive 
subjects and 33.9% of hypertensive 
subjects. 

In preHT group; patients with MA 
had higher SBP, BNP, LVMI and 
lower eGFR as compared to those 
without MA (Table 2). MA was signifi-
cantly correlated with LVMI (r = 
0.25, p < 0.05), BNP (r = 0.72, p < 
0.001) and SBP (r = 0.51, p < 
0.001). LVMI was significantly corre-
lated with BNP (r = 0.28, p < 0.05) 
and SBP (r=0.32, p < 0.05). Table 3 
shows the results of multivariate 
regression analysis demonstrating 
relationships between UAE and 
other variables in prehypertensive 
patients. SBP, BNP, eGFR and LVMI 
independently associated with mi- 
croalbuminuria in a multivariate re- 
gression analysis (Table 3).

In hypertensive group; patients with 
MA had higher SBP, BNP, LVMI and 
lower eGFR as compared to those 
without MA (Table 4). MA was signifi-
cantly correlated with LVMI (r = 
0.59, p < 0.001), BNP (r = 0.55, p < 
0.001) and SBP (r = 0.40, p < 
0.005). LVMI was significantly corre-
lated with BNP (r = 0.52, p < 0.001) 
and SBP (r = 0.69, p < 0.001). In 
multivariate regression analysis, 
SBP, LVMI and BNP were the inde-
pendent variables associated with 
MA in hypertensive subjects (Table 
5).

Discussion

In our study, the average value of 
UAE and prevalence of MA were 
higher in hypertensives than in 
patients with preHT and these val-
ues were higher in prehypertensives 
than in subjects with normal BPs. 
The principal finding of our study 
was that both in untreated prehy-
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PreHT is reported in approximately 30% of the 
general adult population and has been the sub-
ject of many studies [31]. After Framingham 
Heart Study, prehypertensive patients were 
reported for having increased risk of develop-
ing HT in their subsequent life as compared to 
the subjects with normal blood [32, 33]. Beside 
the sustained HT, preHT was also determined 
as an independent predictor of cardiovascular 
diseases [5]. PreHT is associated with both 
microvascular and macrovascular pathology 
[34, 35]. Prehypertensive subjects have in-
creased common carotid artery intima-media 

thickness and increased calcium deposition in 
the coronary arteries and also accelerated 
development of left ventricular hypertrophy 
and diastolic dysfunction [36, 37].

MA is a marker of cardiovascular complications 
and a crucial predictor of ischaemic cardiovas-
cular diseases in patients with essential HT 
[38]. The main significance of MA is that it has 
been demonstrated as a sign for generalized 
vascular dysfunction [39]. Various studies 
emphasized that abnormal albuminuria could 
be a phenotype of systemic arterial endothelial 
damage caused by increased BP or, with dys-
function of the endothelium of the glomerular 
capillary resulting in altered glomerular filtra-
tion function [40-42]. BNP is secreted from 
ventricular myocytes in response to increased 
ventricular filling pressure or volume; conse-
quently, an increase in BP stimulates the BNP 
secretion [43, 44].

In the analysis of the groups with preHT and HT, 
we found that SBP, BNP and LVMI were inde-
pendent predictors of microalbuminuria in each 
increased  BP group. Although this was a cross-
sectional study and causal relationship 
between MA and these factors cannot be eluci-

Table 2. Characteristics of the prehpertensive patients according to the albuminuria status
Microalbuminuria (-) (n = 71) Microalbuminuria (+) (n = 34) P value

Age (years) 50.52 ± 3.68 49.91 ± 2.88 0.18
Gender (Male) 33 (46%) 20 (58%) 0.29
BMI (kg/m2) 24.96 ± 3.64 25.03 ± 3.58 0.45
SBP (mmHg) 129.66 ± 4.75 135.23 ± 3.70 < 0.001
DBP (mmHg) 82.23 ± 7.13 81.02 ± 3.84 0.35
Smoking (n. %) 34 (47%) 14 (41%) 0.53
Glucose (mg/dl) 113.9 ± 23.6 115.3 ± 21.2 0.56
Total cholesterol (mg/dl) 209.2 ± 16.4 206.5 ± 18.1 0.62
LDL-C (mg/dl) 112.6 ± 17.1 110.8 ± 15.0 0.67
HDL-C (mg/dl) 46.3 ± 13.6 44.6 ± 15.1 0.78
Triglyserid (mg/dl) 154.5 ± 72.4 156.2 ± 69.9 0.73
UACr (mg/g) 21.40 ± 5.71 53.62 ± 19.81 < 0.001
BNP (ng/l) 117.90 ± 57.12 188.09 ± 78.46 < 0.001
Creatinine (mg/dl) 0.81 ± 0.13 0.80 ± 0.16 0.72
eGFR (ml/min/1.73 m2) 70.98 ± 5.62 64.52 ± 2.74 < 0.001
Transthoracic echocardiograhic parameters
LVEF (%) 74.33 ± 7.37 73.36 ± 7.88 0.55
Mitral-E (m/s) 0.75 ± 0.14 0.68 ± 0.09 0.006
Mitral-A (m/s) 1.04 ± 0.24 0.98 ± 0.23 0.21
Mitral E/A 0.76 ± 0.22 0.72 ± 0.13 0.32
LVMI 62.67 ± 9.67 66.14 ± 11.18 < 0.001

Table 3. Multivariate regression analysis 
demonstrates the relationship of microalbu-
minuria to other variables in prehypertensive 
patients

R2 = 0.492, F = 19.148, P < 0.001
Standardized coefficient P value

eGFR -0.210 0.020
BNP 0.168 0.045
LVMI 0.293 0.001
SBP 0.264 0.002
Mitral-E -0.018 0.819
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dated, the results suggest several possibilities. 
Elevated blood pressure is considered to cause 
renal dysfunction. In our study, MA was more 
prevalent in hypertensive and prehypertensive 
subjects than in subjects with normal blood 
pressures. The significant difference in the pre-
valance of MA between hypertensive patients 
(55%), prehypertensive subjects (32%) and nor-
motensive subjects (10%) supports the close 
and independent correlation between urinary 
albumin extraction rate and increased blood 
pressure levels [45, 46]. Despite the previous 
studies, in our study, SBP, not with DBP, was 
associated with MA in prehypertensive and 
hypertensive groups [47]. Left ventricular load 

is determined not only by cardiac output and 
peripheral vascular resistance, but also by the 
stiffness of conduit arteries. With this explana-
tion, we can say that, beside the increased left 
ventricular pressure, BNP levels also reflect the 
stiffness of the conduit arteries. An increase in 
vascular structural stiffness, that might be par-
allel to the progression of nephrosclerosis, 
could result in pressure-related microvascular 
damage in the kidney [48] and ultimately 
increase the abnormal albuminuria. Previously, 
some studies have reported the association of 
increased BNP levels and abnormal albumin-
uria in hypertensive subjects [49]. Consistent 
with previous studies, we have found that, BNP 
was significantly associated with abnormal 
albuminuria in untreated hypertensive and pre-
hypertensive subjects. To our knowledge, our 
study is the first to show the association of 
increased BNP levels and abnormal albumin-
uria in prehypertensive subjects, independent 
from other risk factors of UAE. This relation 
between BNP and MA should alert the clinician 
in case of increased BNP in patients with preHT.

In HyperGEN study, a positive association 
between MA, LV mass and wall thickness in 
normotensive and hypertensive adults has 

Table 4. Characteristics of the hypertensive patients according to the albuminuria status
Microalbuminuria (-) (n = 45) Microalbuminuria (+) (n = 55) P value

Age (years) 56.22 ± 10.30 57.67 ± 9.04 0.08
Gender (Male) 33 (46%) 20 (58%) 0.45
BMI (kg/m2) 25.48 ± 3.04 24.93 ± 3.28 0.14
SBP (mmHg) 146.11 ± 7.60 161.00 ± 9.73 < 0.001
DBP (mmHg) 92.66 ± 10.03 89.81 ± 9.12 0.15
Smoking (n. %) 23 (51%) 28 (50%) 0.98
Glucose (mg/dl) 116.2 ± 20.8 118.1 ± 24.2 0.44
Total cholesterol (mg/dl) 212.7 ± 15.8 209.9 ± 16.1 0.52
LDL-C (mg/dl) 116.2 ± 14.8 114.9 ± 14.2 0.47
HDL-C (mg/dl) 45.1 ± 12.6 43.8 ± 14.1 0.64
Triglyserid (mg/dl) 152.8 ± 74.1 153.9 ± 72.9 0.71
UACr (mg/g) 21.04 ± 4.85 59.12 ± 39.09 < 0.001
BNP (ng/l) 115.21 ± 36.69 221.47 ± 75.95 < 0.001
Creatinine (mg/dl) 0.84 ± 0.16 0.90 ± 0.17 0.13
eGFR (ml/min/1.73 m2) 72.20 ± 5.57 65.34 ± 6.11 < 0.001
Transthoracic echocardiograhic parameters
LVEF (%) 73.59 ± 5.74 74.35 ± 4.57 0.47
Mitral-E (m/s) 0.70 ± 0.13 0.69 ± 0.10 0.70
Mitral-A (m/s) 0.95 ± 0.12 0.90 ± 0.11 0.07
Mitral E/A 0.74 ± 0.16 0.76 ± 0.14 0.51
LVMI 66.36 ± 9.53 84.06 ± 18.78 < 0.001

Table 5. Multivariate regression analysis 
demonstrates the relationship of microalbu-
minuria to other variables in hypertensive 
patients

R2 = 0.562. F = 30.482. P < 0.001
Standardized coefficient P value

eGFR -0.197 0.077
BNP 0.284 0.005
LVMI 0.267 0.011
SBP 0.361 < 0.001
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been reported [50]. Furthermore, Arnlov et al. 
found that, MA is associated with early struc-
tural changes in myocardium that have not 
affected left ventricular functions [51]. In our 
study, there was a close correlation between 
abnormal albuminuria and LVMI in prehyper-
tensive and hypertensive study groups. An 
increase in albuminuria may reflect left ventric-
ular mass increase and a significant correlation 
between albuminuria and LVMI may indicate 
similar progressive damage to hypertensive 
organs, in the heart (increased left ventricular 
mass) and kidney (albuminuria) in both study 
groups with increased blood pressure. 

In our study, subjects with preHT and HT had 
abnormal albuminuria despite having no diabe-
tes. Contrary to previous studies [8] in subjects 
with preHT, high-normal blood pressure compri-
mised the renal functions and induced MA even 
without diabetes. Not only for inspection of 
renal functions but also for the follow-up of  
blood pressure progression, MA was found use-
full. In a prospective study of Wang et al. [33] 
1.499 non-diabetic, non-hypertensive individu-
als has demonstrated that those in the highest 
quartile of the UAE had an adjusted OR of 1.93 
for developing hypertension and 1.45 for BP 
progression. These data suggested that sub-
clinical abnormalities in the kidney and vascu-
lar endothelium might precede the progression 
to higher BP levels. It was shown that the pro-
gression of BP from preHT to HT can be delayed 
by angiotensin receptor blocker therapy [52], 
and screening for MA may identify a subgroup 
of patients who are at  high risk for developing 
CVD and could benefit from early therapy and  
closer follow-up. At that point, MA should be 
considered in the treatment strategy of patients 
with increased blood pressure even in prehy-
pertensive stage. 

In conclusion, the present study demonstrated 
that the prevalence of abnormal albuminuria 
was 55% and 32% in untreated hypertensive 
and prehypertensive subjects, respectively. MA 
was positively correlated with SBP, BNP and 
LVMI in untreated hypertensive and prehyper-
tensive patients. In case of increased SBP, BNP 
and LVMI, the patients should be investigated 
for MA. High prevalance of MA in prehyperten-
sive subjects emphasized that these subjects 
should be followed closely for renal functions 
even without having any clinical finding. PreHT 
has subclinical detrimental effects on vascular 
tree even without diabetes. The improvement 

in vascular endothelium and renal functions 
with anti-hypertensive treatment in preHT is 
the subject of furher prospective randomized 
trials.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Erhan Tenekecioglu, 
Kardiyoloji Kliniği, Bursa Yuksek Ihtisas Eğitim ve 
Arastirma Hastanesi, Yildirim, Bursa, Turkey. Tel: 
+90 5057807280; Fax: +90 224 3605055; E-mail: 
erhantenekecioglu@yahoo.com

References

[1]	 European Society of Hypertension-European 
Society of Cardiology Guidelines Committee. 
2003 European Society of Hypertension - 
European Society of Cardiology guidelines for 
the management of arterial hypertension. J 
Hypertens 2003; 21: 1011-1053.

[2]	 Kannel WB. Hypertension as a risk factor for 
cardiac events--epidemiologic results of long-
term studies. J Cardiovasc Pharmacol 1993; 
21: S27-S37.

[3]	 Chobanian AV, Bakris GL, Black HR, Cushman 
WC, Green LA, Izzo JL Jr, Jones DW, Materson 
BJ, Oparil S, Wright JT Jr, Roccella EJ. National 
Heart, Lung, and Blood Institute Joint National 
Committee on Prevention, Detection, Evalu- 
ation, and Treatment of High Blood Pressure; 
National High Blood Pressure Education 
Program Coordinating Committee. The Seventh 
report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treat- 
ment of High Blood Pressure: the JNC 7 report. 
JAMA 2003; 289: 2560-72.

[4]	 Ogihara T, Kikuchi K, Matsuoka H, Fujita T, 
Higaki J, Horiuchi M, Imai Y, Imaizumi T, Ito S, 
Iwao H, Kario K, Kawano Y, Kim-Mitsuyama S, 
Kimura G, Matsubara H, Matsuura H, Naruse 
M, Saito I, Shimada K, Shimamoto K, Suzuki H, 
Takishita S, Tanahashi N, Tsuchihashi T, Uchi- 
yama M, Ueda S, Ueshima H, Umemura S, 
Ishimitsu T, Rakugi H; Japanese Society of 
Hypertension Committee. The Japanese So- 
ciety of Hypertension Guidelines for the Ma- 
nagement of Hypertension (JSH 2009). Hy- 
pertens Res 2009; 32: 3-107.

[5]	 Vasan RS, Larson MG, Leip EP, Evans JC, 
O’Donnell CJ, Kannel WB, Levy D. Impact of 
high-normal blood pressure on the risk of car-
diovascular disease. N Engl J Med 2001; 345: 
1291-1297.

[6]	 Hansen TW, Staessen JA, Zhang H, Torp-
Pedersen C, Rasmussen S, Thijs L, Ibsen H, 
Jeppesen J. Cardiovascular outcome in rela-



Microalbuminuria and hypertension

3427	 Int J Clin Exp Med 2014;7(10):3420-3429

tion to progression to hypertension in the 
Copenhagen MONICA cohort. Am J Hypertens 
2007; 20: 483-491.

[7]	 Liszka HA, Mainous AG 3rd, King DE, Everett 
CJ, Egan BM. Prehypertension and cardiovas-
cular morbidity. Ann Fam Med 2005; 3: 294-
299.

[8]	 Deckert T, Feldt-Rasmussen B, Borch-Johnsen 
K, Jensen T, Kofoed-Enevoldsen A. Albuminuria 
reflects widespreadvascular damage. The St- 
eno hypothesis. Diabetologia 1989; 32: 219-
226.

[9]	 Jensen JS, Feldt-Rasmussen B, Strandgaard S, 
Schroll M, Borch-Johnsen K. Arterial hyperten-
sion, microalbuminuria and risk of ischemic 
heart disease. Hypertension 2000; 35: 898-
903.

[10]	 Karalliedde J, Viberti G. Microalbuminuria and 
cardiovascular risk. Am J Hypertens 2004; 17: 
986-993. 

[11]	 Wachtell K, Ibsen H, Olsen MH, Borch-Johnsen 
K, Lindholm LH, Mogensen CE, Dahlöf B, 
Devereux RB, Beevers G, de Faire U, Fyhrquist 
F, Julius S, Kjeldsen SE, Kristianson K, 
Lederballe-Pedersen O, Nieminen MS, Okin 
PM, Omvik P, Oparil S, Wedel H, Snapinn SM, 
Aurup P. Albuminuria and cardiovascular risk 
in hypertensive patients with left ventricular 
hypertrophy: the LIFE study. Ann Intern Med 
2003; 139: 901-906.

[12]	 Yokoyama H, Aoki T, Imahori M, Kuramitsu M. 
Subclinical atherosclerosis is increased in type 
2 diabetic patients with microalbuminuria 
evaluated by intima-media thickness and pu- 
lse wave velocity. Kidney Int 2004; 66: 448-
454.

[13]	 Chico A, Tomas A and Novials A. Silent myocar-
dial ischemia is associated with autonomic 
neuropathy and other cardiovascular risk fac-
tors in type 1 and type 2 diabetic subjects, es-
pecially in those with microalbuminuria. End- 
ocrine 2005; 27: 213-217.

[14]	 Nishikimi T, Maeda N, Matsuoka H. Review The 
role of natriuretic peptides in cardioprotection. 
Cardiovasc Res 2006; 69: 318-328.

[15]	 Levin ER, Gardner DG, Samson WK Review 
Natriuretic peptides. N Engl J Med 1998; 339: 
321-328.

[16]	 Maisel AS, Krishnaswamy P, Nowak RM, 
McCord J, Hollander JE, Duc P, Omland T, 
Storrow AB, Abraham WT, Wu AH, Clopton P, 
Steg PG, Westheim A, Knudsen CW, Perez A, 
Kazanegra R, Herrmann HC, McCullough PA; 
Breathing Not Properly Multinational Study 
Investigators. Rapid measurement of B-type 
natriuretic peptide in the emergency diagnosis 
of heart failure. N Engl J Med 2002; 347: 161-
167.

[17]	 Cheng V, Kazanagra R, Garcia A, Lenert L, 
Krishnaswamy P, Gardetto N, Clopton P, Maisel 
A. A rapid bedside test for B-type peptide pre-
dicts treatment outcomes in patients admitted 
for decompensated heart failure: a pilot study. 
J Am Coll Cardiol 2001; 37: 386-391.

[18]	 Omland T, Sabatine MS, Jablonski KA, Rice 
MM, Hsia J, Wergeland R, Landaas S, Rouleau 
JL, Domanski MJ, Hall C, Pfeffer MA, Braunwald 
E; PEACE Investigators. Prognostic value of 
B-Type natriuretic peptides in patients with 
stable coronary artery disease: the PEACE 
Trial. J Am Coll Cardiol 2007; 50: 205-214.

[19]	 Paget V, Legedz L, Gaudebout N, Girerd N, 
Bricca G, Milon H, Vincent M, Lantelme P. 
N-terminal pro-brain natriuretic peptide: a pow-
erful predictor of mortality in hypertension. 
Hypertension 2011; 57: 702-709.

[20]	 Watanabe S, Shite J, Takaoka H, Shinke T, Im- 
uro Y, Ozawa T, Otake H, Matsumoto D, Oga- 
sawara D, Paredes OL, Yokoyama M. Myo- 
cardial stiffness is an important determinant 
of the plasma brain natriuretic peptide con-
centration in patients with both diastolic and 
systolic heart failure. Eur Heart J 2006; 27: 
832-838.

[21]	 Chatzis D, Tsioufis C, Tsiachris D, Taxiarchou E, 
Lalos S, Kyriakides Z, Tousoulis D, Kallikazaros 
I, Stefanadis C. Brain natriuretic peptide as an 
integrator of cardiovascular stiffening in hyper-
tension. Int J Cardiol 2010; 141: 291-296.

[22]	 Sahn DJ, DeMaria A, Kisslo J, Weyman A. 
Recommendations regarding quantitation in 
M-mode echocardiography: Results of a survey 
of echocardiographic measurements. Circula- 
tion 1978; 58: 1072-1083.

[23]	 Schiller NB, Shah PM, Crawford M, DeMaria A, 
Devereux R, Feigenbaum H, Gutgesell H, Rei- 
chek N, Sahn D, Schnittger I. Recommendations 
for quantitation of the left ventricle by two-di-
mensional echocardiography. American Soci- 
ety of Echocardiography. Committee on stan-
dards, subcommittee on quantitation of two-
dimensional echocardiograms. J Am Soc Ech- 
ocardiogr 1989; 2: 358-367.

[24]	 Lang RM, Bierig M, Devereux RB, Flachskampf 
FA, Foster E, Pellikka PA, Picard MH, Roman 
MJ, Seward J, Shanewise J, Solomon S, Spe- 
ncer KT, St John Sutton M, Stewart W; American 
Society of Echocardiography’s Nomenclature 
and Standards Committee; Task Force on 
Chamber Quantification; American College of 
Cardiology Echocardiography Committee; Ame- 
rican Heart Association; European Association 
of Echocardiography, European Society of 
Cardiology. Recommendations for chamber 
quantification. Eur J Echocardiogr 2006; 7: 79-
108.



Microalbuminuria and hypertension

3428	 Int J Clin Exp Med 2014;7(10):3420-3429

[25]	 Devereux RB, Alonso DR, Lutas EM, Gottlieb 
GJ, Campo E, Sachs I, Reichek N. Echocar- 
diographic assessment of left ventricular hy-
pertrophy: Comparison to necropsy findings. 
Am J Cardiol 1986; 57: 450-458.

[26]	 Pitt B, Mancini GB, Ellis SG, Rosman HS, Park 
JS, McGovern ME. Pravastatin limitation of ath-
erosclerosis in the coronary arteries (PLAC I): 
reduction in atherosclerosis progression and 
clinical events. PLAC I investigation. J Am Coll 
Cardiol 1995; 26: 1133-1139.

[27]	 Schectman G, Patsches M, Sasse EA. Vari- 
ability in cholesterol measurements: compari-
son of calculated and direct LDL cholesterol 
determinations. Clin Chem 1996; 42: 732-
737.

[28]	 Friedewald WT, Levy RI, Fredrickson DS. Esti- 
mation of the concentration of low-density lipo-
protein cholesterol in plasma, without use of 
the preparative ultracentrifuge. Clin Chem 
1972; 18: 499-502.

[29]	 Khuu HM, Robinson CA, Goolsby K, Hardy RW, 
Konrad RJ. Evaluation of a fully automated 
high-performance liquid chromatography as-
say for hemoglobin A1c. Arch Pathol Lab Med 
1999; 123: 763-767.

[30]	 Kawano K. Quality control, quality assessment 
of laboratory tests, HbA1c. Southeast Asian J 
Trop Med Public Health 1999; 30 Suppl 3: 
117-121.

[31]	 Wang Y, Wang QJ. The prevalence of prehyper-
tension and hypertension among US adults ac-
cording to the new joint national committee 
guidelines: New challenges of the old problem. 
Arch Intern Med 2004; 164: 2126-2134.

[32]	 Vasan RS, Larson MG, Leip EP, Kannel WB, 
Levy D. Assessment of frequency of progres-
sion to hypertension in nonhypertensive par-
ticipants in the Framingham Heart Study: A 
cohort study. Lancet 2001; 358: 1682-1686.

[33]	 Wang TJ, Evans JC, Meigs JB, Rifai N, Fox CS, 
D’Agostino RB, Levy D, Vasan RS. Low-grade 
albuminuria and the risks of hypertension and 
blood pressure progression. Circulation 2005; 
111: 1370-1376.

[34]	 Leung H, Wang JJ, Rochtchina E, Tan AG, Wong 
TY, Klein R, Hubbard LD, Mitchell P. Rela- 
tionships between age, blood pressure, and 
retinal vessel diameters in an older popula-
tion. Invest Ophthalmol Vis Sci 2003; 44: 
2900-2904.

[35]	 Wong TY, Klein R, Klein BE, Meuer SM, Hu- 
bbard LD. Retinal vessel diameters and their 
associations with age and blood pressure. 
Invest. Ophthalmol Vis Sci 2003; 44: 4644-
4650.

[36]	 Manios E, Tsivgoulis G, Koroboki E, Stama- 
telopoulos K, Papamichael C, Toumanidis S, 
Stamboulis E, Vemmos K, Zakopoulos N. Im- 

pact of prehypertension on common carotid 
artery intima-media thickness and left ventric-
ular mass. Stroke 2009; 40: 1515-1518.

[37]	 Markus MR, Stritzke J, Lieb W, Mayer B, Luc- 
hner A, Döring A, Keil U, Hense HW, Schunkert 
H. Implications of persistent prehypertension 
for ageingrelated changes in left ventricular 
geometry and function: the MONICA/KORA 
Augsburg study. J Hypertens 2008; 26: 2040-
2049.

[38]	 Bianchi S, Bigazzi R, Campese VM. Micro- 
albuminuria in essential hypertension: Signi- 
ficance, pathophysiology, and therapeutic im-
plications. Am J Kidney Dis 1999; 34: 973-
995.

[39]	 Washio M, Tokunaga S, Yoshimasu K, Kodama 
H, Liu Y, Sasazuki S, Tanaka K, Kono S, Mohri 
M, Takeshita A, Arakawa K, Ideishi M, Nii T, 
Shirai K, Arai H, Doi Y, Kawano T, Nakagaki O, 
Takada K, Hiyamuta K, Koyanagi S. Role of pre-
hypertension in the development of coronary 
atherosclerosis in Japan. J Epidemiol 2004; 
14: 57-62.

[40]	 Pedrinelli R, Giampietro O, Carmassi F, Melillo 
E, Dell’Omo G, Catapano G, Matteucci E, 
Talarico L, Morale M, De Negri F. Microal- 
buminuria and endothelial dysfunction in es-
sential hypertension. Lancet 1994; 344: 14-
18.

[41]	 Malik AR, Sultan S, Turner ST, Kullo IJ. Urinary 
albumin excretion is associated with impaired 
flow- and nitroglycerin-mediated brachial ar-
tery dilatation in hypertensive adults. J Hum 
Hypertens 2007; 21: 231-238.

[42]	 Silva AM, Schaan BD, Signori LU, Plentz RD, 
Moreno H Jr, Bertoluci MC, Irigoyen MC. 
Microalbuminuria is associated with impaired 
arterial and venous endothelium-dependent 
vasodilation in patients with Type 2 diabetes. J 
Endocrinol Invest 2010; 33: 696-700. 

[43]	 Mukoyama M, Nakao K, Hosoda K, Suga S, 
Saito Y, Ogawa Y, Shirakami G, Jougasaki M, 
Obata K, Yasue H. Brain natriuretic peptide as 
a novel cardiac hormone in humans. Evidence 
for an exquisite dual natriuretic peptide sys-
tem, atrial natriuretic peptide and brain natri-
uretic peptide. J Clin Invest 1991; 87: 1402-
1412.

[44]	 Hirata Y, Matsumoto A, Aoyagi T, Yamaoki K, 
Komuro I, Suzuki T, Ashida T, Sugiyama T, Hada 
Y, Kuwajima I, Nishinaga M, Akioka H, Nakajima 
O, Nagai R, Yazaki Y. Measurement of plasma 
brain natriuretic peptide level as a guide for 
cardiac overload. Cardiovasc Res 2001; 51: 
585-591.

[45]	 Hörner D, Fliser D, Klimm HP, Ritz E. 
Albuminuria in normotensive and hypertensive 
individuals attending office of general practi-
tioners. J Hypertens 1996; 14: 655-660.



Microalbuminuria and hypertension

3429	 Int J Clin Exp Med 2014;7(10):3420-3429

[46]	 Cirillo M, Stellato D, Laurenzi M, Panarelli W, 
Zanchetti A, De Santo NG. Pulse pressure and 
isolated systolic hypertension: association 
with albuminuria. Kidney Int 2000; 58: 1211-
1218.

[47]	 Knight EL, Kramer HM, Curhan GC. High-
normal blood pressure and microalbuminuria. 
Am J Kidney Dis 2003; 41: 588-595.

[48]	 O’Rourke MF, Safar ME. Relationship between 
aortic stiffening and microvascular disease in 
brain and kidney: cause and logic of therapy. 
Hypertension 2005; 46: 200-204.

[49]	 Murai S, Tanaka S, Dohi Y, Kimura G, Ohte N. 
The prevalence, characteristics, and clinical 
significance of abnormal albuminuria in pa-
tients with hypertension. Sci Rep 2014; 4: 
3884. 

[50]	 Djoussé L, Kochar J, Hunt SC, North KE, Gu CC, 
Tang W, Arnett DK, Devereux RB. Relation of 
albuminuria to left ventricular mass (from the 
HyperGEN Study). Am J Cardiol 2008; 101: 
212-216.

[51]	 Arnlöv J, Evans JC, Meigs JB, Wang TJ, Fox CS, 
Levy D, Benjamin EJ, D’Agostino RB, Vasan RS. 
Low-grade albuminuria and incidence of car-
diovascular disease events in nonhypertensive 
and nondiabetic individuals: the Framingham 
Heart Study. Circulation 2005; 112: 969-975.

[52]	 Julius S, Nesbitt SD, Egan BM, Weber MA, 
Michelson EL, Kaciroti N, Black HR, Grimm RH 
Jr, Messerli FH, Oparil S, Schork MA; Trial of 
Preventing Hypertension (TROPHY) Study 
Investigators. Feasibility of treating prehyper-
tension with an angiotensin-receptor blocker. 
N Engl J Med 2006; 354: 1685-97. 


