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ABSTRACT

Plasma concentrations of atrial natriuretic peptide (ANP) and brain natriuretic peptide

(BNP) are increased in patients with heart failure. Whether these peptides provide

early information about cardiac end organ damage in elderly hypertensive patients is

mainly unknown. To determine the relationship between natriuretic peptides and

cardiac end organ damage we measured plasma ANP and BNP levels in 178 never

treated, elderly hypertensives (4x systolic blood pressure ≥ 160 mmHg and / or

diastolic blood pressure ≥ 95 mmHg from a population survey) above the age of 60

years and without clinically manifest heart failure. Plasma ANP and BNP were

measured with specific radioimmunoassays and cardiac end organ damage was

assessed by echocardiographically determined left ventricular mass index (LVMI)

and diastolic function. Both ANP and BNP were positively correlated with LVMI (r

=  0.191; p < 0.05 and r = 0.182; p < 0.05, respectively). Apart from age and gender,

LVMI was identified by multivariate regression analysis as an independent

determinant for ANP. For BNP, besides age, gender and LVMI, the diastolic function

parameters Early to Atrial velocity ratio of transmitral flow (E/A) and IsoVolumetric

Relaxation Time were identified as independent determinants. These results show

that plasma ANP and BNP are related to LV mass enlargement in elderly hypertensive

patients. Furthermore, BNP secretion is also related with diastolic dysfunction before

left ventricular dysfunction is clinically manifest. Thus, early structural and

pathofysiological changes in cardiac end organ damage are related to ANP, but in

particular BNP in elderly hypertensive patients.

INTRODUCTION

Early identification of symptomless hypertensive patients with structural cardiac end

organ damage has prognostic value1 and may help in decision making of

pharmacological intervention. Cardiovascular risk is increased in hypertensive patients

with left ventricular hypertrophy (LVH) and, to a lesser extent, in those with early

structural left ventricular changes like concentric remodeling1-3. Echocardiography

is useful in demonstrating cardiac end organ damage but is costly and difficult to

apply on a large scale. Furthermore, the use of echocardiography in patients with

obesity or pulmonary disease is limited. Therefore, more simple markers are needed

to identify cardiac end organ damage in hypertensive patients.

The value of natriuretic peptides as possible markers for left ventricular dysfunction

in primary care patients seems promising 4, 5. Atrial natriuretic peptide (ANP) and
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brain natriuretic peptide (BNP) are cardiac hormones with diuretic, natriuretic and

vasodilator actions 6-8 and are increased in heart failure 9,10. Both natriuretic peptides

are secreted in response to stretch of cardiac tissue. ANP will increase in response to

atrial stretch and BNP will increase in response to ventricular stretch, which both

will occur as a response to increased arterial pressure as seen in hypertension. Previous

reports have shown that mean plasma ANP and BNP levels in hypertensive patients

are higher than in normotensive subjects, although values did show overlap between

the two groups 8,11-15. Moreover, it has been suggested that measurements of ANP and

BNP might be useful for the detection of concentric left ventricular hypertrophy in

patients with essential hypertension 16. In elderly hypertensives, prone to develop

cardiac end organ damage, no direct comparison between both hormones is available.

The aim of our study was to establish the relationship of ANP and BNP to

echocardiographically determined cardiac end organ damage in previously untreated,

elderly primary care patients with essential hypertension.

METHODS

Patients

Elderly patients above the age of 60 years with untreated essential hypertension were

recruited from a population survey according to a previously described protocol17

performed by the Groningen Hypertension Service in two rural municipalities

(Winschoten and Scheemda) in The Netherlands. Blood pressure was measured in

sitting position after 5 minutes of rest using the right arm. Systolic and diastolic

blood pressure were recorded at Korotkoff phase I and V at the nearest 2 mmHg.

When a difference in blood pressure was found between both arms (>5/10 mmHg for

diastolic/systolic hypertension), the arm with the highest blood pressure was used

for further measurements. Blood pressure was measured four times at three separate

occasions during a 2 months period. Hypertension was defined as systolic pressure

greater than or equal to 160 mmHg, diastolic pressure greater than or equal to 95

mmHg, or both at all three occasions. A diagnosis of essential hypertension was

established by medical history, physical examination and simple laboratory tests. A

total of 178 previously untreated, hypertensive patients were enrolled in the present

study. Exclusion criteria for this study were: insulin dependent diabetes mellitus,

myocardial infarction, cerebrovascular accident, symptomatic congestive heart failure,

hemodynamically significant valvular heart disease, cardiac arrhythmia or a history

of severe atherosclerotic disease. All subjects had sinus rhythm. The study was

approved by the Medical Ethical Committee of the Groningen University Hospital,

and written informed consent was obtained.
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Echocardiography

All echocardiographic measurements were made on-line with an Acuson XP 128

echocardiograph (Acuson Corp., Mountain View, California, USA) by one single

experienced operator (W.F.T.). A 2.5-4.0 MHz transducer was used. Left ventricular

dimensions were measured in two dimensional mode according to the Penn convention

in the left lateral decubitus position in the third or fourth intercostal space.

Measurements of left ventricular septal and posterior wall thickness were obtained

from a standard parasternal long axis view. Mean values of three recordings were

used. To estimate the left ventricular mass the formula of Devereux and Reichek was

used: LVM (g) = 1.04 *[(left ventricular posterior wall + interventricular septum +

left ventricular end-diastolic diameter)3-left ventricular end-diastolic diameter3]-13.618.

Left ventricular mass was divided by body surface area to calculate left ventricular

mass index (LVMI). Relative Wall Thickness (RWT) was defined as: (left ventricular

posterior wall + interventricular septum) / left ventricular end-diastolic diameter.

Patients were classified in four groups of left ventricular geometry according to

echocardiographic findings. Hypertensives with normal left ventricular mass (LVMI

< 125 g/m2) and normal wall thickness (RWT < 0.45) were considered to have normal

geometry. Concentric remodeling was defined as normal ventricular mass (LVMI <

125 g/m2) and increased wall thickness (RWT ≥ 0.45), eccentric left ventricular

hypertrophy was defined as increased LVMI (≥ 125 g/m2) and normal wall thickness

(RWT < 0.45). Finally, hypertensives with increased left ventricular mass (LVMI≥
125 g/m2) and increased wall thickness (RWT ≥ 0.45) were considered to have

concentric left ventricular hypertrophy in accordance with the criteria of Koren et

al1.

In addition to the method of Koren et al, two extra calculations were performed for

geometric classification using different cutoff values for LVH using normal population

derived criteria while the cutoff value of RWT was kept constant (0.45). First, the

criteria from the Framingham Heart Study were applied: LVMI indexed for height

and sex-different cutoff values for LVH: 150 g/m for males, and 120 g/m for females19

and second  criteria  according to Muscholl et al. ( LVMI indexed for BSA and sex-

different cutoff values for LVH: 102 g/m2 for males, and 88 g/m2 for females)20.

Diastolic function was assessed with pulsed - Doppler echocardiography. The

sampling volume was placed between the tips of the mitral valve leaflets in standard

apical view and measurements were taken end-expiratory. Peak early (E) and atrial

(A) diastolic filling velocities and deceleration slope (E-DT) of the early peak filling

were measured. The isovolumetric relaxation time (IVRT) was measured in a standard

apical five chamber view with sampling volume placed above the anterior leaflet of

the mitral valve near the left ventricular outflow tract, obtaining simultaneously signals
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of left ventricular inflow and outflow. IVRT was defined as the time interval between

both flow signals. For all indices of diastolic function the mean value of three

measurements was used. The total area of the left atrium was estimated by the formula:

(0,5 * diameter of left atrium in parasternal view + 0,5 * diameter of left atrium in

apical view) * π21.

Assays for ANP and BNP

A 10 ml sample of venous blood was drawn from each patient after 5 min. of rest.

Blood was collected by venapuncture in a chilled 10 ml tube containing disodium

EDTA (1 mg/ml) as an anticoagulant and aprotinin (1000kIU) to prevent breakdown

of the natriuretic hormones. Samples were centrifuged within 10 minutes (4°C, 10

min., 3000 x g) and plasma was transported on dry ice to the University Hospital

Groningen and stored at -80°C. At the end of the study period, samples were

transported on dry ice to the Core Laboratory at the University Hospital Dijkzigt,

Rotterdam, The Netherlands, for analysis of natriuretic peptides. Plasma ANP and

BNP levels were measured with specific radioimmunoassays22 as previously

described23.

Statistics

The Kolmogorov-Smirnov test and the Shapiro-Wilk test were used to determine the

distribution in each group. Tests using plasma ANP and BNP were conducted on the

natural logarithms. To determine the relationship between the natriuretic peptides

and structural cardiac end-organ damage (LVMI) in all hypertensives and in the four

LV geometry groups univariate linear regression analysis was performed. Differences

between LV geometry groups were tested with one-way ANOVA and posthoc multiple

comparisons were adjusted to the Bonferroni test. In order to identify which variables

significantly predicted the concentration of ANP and BNP, multiple regression analysis

was implemented for relevant variables, such as age, gender,  blood pressure, heart

rate, duration of hypertension, body mass index and echocardiographic derived

parameters. Results are expressed as mean ± standard deviation with statistical

significance defined as P < 0.05.

RESULTS

Patients

Relevant clinical characteristics of the 178  hypertensives are given in Table 1. Almost

two-third (64%) of the hypertensive patients were newly found and about one-third

(36 %) of the patients had a history of hypertension but had never taken
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antihypertensive medication. Mean body mass index was 28 ± 4 g/m2 and LVMI 105

± 23 g/m2 with a mean RWT of 0.48 ± 0.05 and a mean left ventricular end diastolic

diameter of  45 ± 5 mm. The mean of diastolic function parameters early/atrial filling

ratio,  E wave deceleration time and isovolumetric relaxation time were 0.79 ± 0.23,

229 ± 44 ms and 106 ± 14 ms, respectively.

Left Ventricular Geometry

Table 2 shows natriuretic peptides, gender distribution and echocardiographic data

in four left ventricular geometry groups according to the LVH criteria of Koren et al.

There were no differences in age, blood pressure, heart rate, duration of hypertension

and body mass index between the four groups. The concentric remodeling group, the

largest group using these LVH criteria, had a significantly different gender distribution

consisting mainly of women compared to the other three groups with predominantly

Parameter Value

Age, years 67 (4)

Male,  % 53

Systolic blood pressure, mmHg 177 (14)

Diastolic blood pressure, mmHg 94 (8)

Heart rate, bpm 80 (11)

Hypertension

Newly found, number 114

Duration, years (n=64) 14 (12)

Atrial natriuretic peptide, pg/ml 165 (78)

Brain natriuretic peptide, pg/ml 35 (14)

Plasma sodium, mmol/l 142 (2)

Serum creatinine, µmol/l 86 (16)

Body mass index, g/m2 28 (4)

Echocardiography

Left ventricular mass index, g/m2 105 (23)

Relative wall thickness 0.48 (0.05)

End diastolic diameter, mm 45 (5)

Early filling/atrial filling ratio 0.79 (0.23)

E wave deceleration time, ms 229 (44)

Isovolumetric relaxation time, ms 106 (14)

Left atrium area, cm2 17 (4)

% Male and newly found hypertensives are presented as absolute numbers, other

values are mean (SD).

Table 1. Clinical characteristics of the 178 patients.
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male distribution. The volume of the left atrium was significantly higher in both

LVH groups compared to normal geometry and concentric remodeling. The differences

in LVMI, RWT and volume of the left atrium between the geometry groups did not

change when the LVH criteria in accordance with the Framingham Heart Study and

according to Muscholl were used. The indices of diastolic function between the four

groups were not significantly different, irrespective of which LVH criterium had

been used.

Natriuretic Peptides

For the relationship between the natriuretic peptides and left ventricular geometry

striking differences occured when different LVH criteria were used, as seen in Figure

1. When the LVH criteria according to Koren were used, ANP was significantly

higher in the concentric LVH group compared to the normal geometry group and

Parameter Normal Concentric Eccentric Concentric

Geometry Remodeling LVH LVH

(n=48) (n=105) (n=12) (n=13)

ANP, pg/ml 157 (83) 162 (64) 163 (50) 224 (151)  *

BNP, pg/ml 34 (13) 36 (12) 33 (4) 42 (23)

Sex, M/F 36/12 41/64  † 9/3 9/4

LVMI, g/m
2

102 (12) 96 (16) 147 (15)  ‡ 147 (23)  ‡

RWT 0.43 (0.03) 0.51 (0.04) § 0.41 (0.01) 0.50 (0.09) §

LA-area, cm
2

17.5 (3.4) 16.2 (3.2) 20.1 (3.7)  || 20.0 (3.6)  ||

IVRT, msec 103 (14) 106 (14) 106 (12) 113 (20)

E/A ratio 0.81 (0.21) 0.78 (0.17) 0.92 (0.43) 0.75 (0.25)

E, m/sec 0.60 (0.15) 0.61 (0.12) 0.54 (0.15) 0.55 (0.17)

A, m/sec 0.75 (0.17) 0.79 (0.13) 0.69 (0.14) 0.77 (0.13)

ANP, Atrial Natriuretic Peptide; BNP, Brain Natriuretic Peptide; LVMI, Left Ventricular

Mass Index; RWT, Relative Wall Thickness; LA-area, Left Atrial area; IVRT, Iso Volu-

metric Relaxation Time; E, peak in velocity in early diastole and A, peak in velocity in

late diastole. Values are mean (SD).*P<0.05 vs normal geometry and vs concentric

remodeling.†P<0.001 vs normal geometry and vs eccentric LVH and vs concentric LVH.‡

P<0.001 vs normal geometry and vs concentric remodeling.§ P<0.001 vs normal geom-

etry and eccentric LVH. ||P<0.01 vs normal geometry and vs concentric remodeling.

Table 2. Clinical characteristics of geometry groups according to Koren et al. 1
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Figure 1
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compared to the concentric remodeling group. When the LVH criteria of the

Framingham Heart Study were used, both ANP and BNP were significantly higher in

the concentric LVH group compared to the normal geometry group. Finally, when

the lower and sex-specific LVH criteria of Muscholl were used, BNP but not ANP

was significantly higher in the concentric LVH group compared to the normal

geometry group.

Table 3 shows the univariate regression analyses between the natriuretic peptides

and LVMI in 178 hypertensives and in the four geometry groups using different

LVH criteria. In all hypertensives, both peptides were to a similar extent related to

left ventricular mass. An increase in left ventricular mass is significantly related with

an increased secretion of both natriuretic peptides. We did not find a relation between

blood pressure and the natriuretic peptides.

ln ANP ln BNP

r p-value  r p-value

All hypertensives 0.191 0.011 * 0.182   0.015 *

Koren 1

Normal geometry 0.099 0.505 0.093 0.530

Concentric remodeling 0.099 0.313 0.216 0.027*

Eccentric LVH -0.314 0.320 -0.074 0.820

Concentric LVH 0.584 0.036* 0.571 0.042*

Framingham 19

Normal geometry 0.063 0.707 -0.065 0.698

Concentric remodeling 0.118 0.291 0.235 0.033*

Eccentric LVH 0.032 0.930 -0.0274 0.444

Concentric LVH 0.300 0.038* 0.224 0.126

Muscholl 20

Normal geometry  0.062 0.800 -0.065 0.793

Concentric remodeling  0.163 0.280 0.212 0.157

Eccentric LVH -0.065 0.687 -0.104 0.516

Concentric LVH  0.214 0.071 0.198 0.096

* = P < 0.05

Table 3. Relationships between lnANP, lnBNP (in pg/ml) and LVMI (g/m2).
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Tables 4 and 5 show the results of multiple regression analysis with ANP and BNP as

dependent variables. For ANP, besides age and female sex, LVMI was identified as

an independent predictor. The diastolic function parameters were not identified as

independent predictors for ANP. For BNP, besides age, female sex and LVMI , the

diastolic function parameters E/A ratio and IVRT were identified as independent

predictors.

Blood pressure, heart rate, duration of hypertension and body mass index were not

related to both natriuretic peptides in multiple regression analysis.

B Standard p-value

error

Age 0.022 0.007  0.002

Gender 0.213 0.062  0.001

LVMI 0.0037 0.001  0.011

Constant 2.774 0.507 <0.001

Table 4. Factors predicting ANP poncentration in elderly hypertensives:stepwise

regression analysis.

B Standard p-value

error

Age 0.017 0.006 0.008

Gender 0.143 0.053 0.008

LVMI 0.003 0.001 0.016

EAratio 0.445 0.139 0.002

IVRT 0.004 0.002 0.015

Constant 1.190 0.513 0.022

Table 5. Factors predicting BNP concentration in elderly hypertensives:

stepwise regression analysis.
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DISCUSSION

The present data show indeed that an increase in plasma ANP and BNP levels is

associated with increased left ventricular mass in elderly hypertensive patients,

suggesting that natriuretic peptides may contribute to the detection of hypertensives

with LVH. Especially in hypertensives with concentric LVH, but not eccentric LVH,

natriuretic peptides are increased compared to hypertensives with normal geometry.

This suggest that the secretion these  peptides is mainly related to pressure overload

and less related to volume overload as seen in eccentric LVH. We selected previously

untreated hypertensive patients to avoid some potentially confounding factors as

many antihypertensive drugs have been proved to influence left ventricular anatomy

and function24 and probably affect plasma natriuretic peptides. Ageing has a major

effect on the secretion of natriuretic peptides25 and for this reason we only selected

elderly hypertensives, prone to develop clinical heart failure with more cardiac end

organ damage, in whom a relation with ANP and BNP could be evident more readily.

Up till now, several cutoff values for echocardiographic LVH and increased RWT

are being used. For discussion purposes we calculated the relationship between the

natriuretic peptides and left ventricular geometry with use of two population derived

criteria for echocardiographic LVH since we selected hypertensives from a population

survey. Whether ANP or BNP is significantly higher in the concentric LVH group

mainly depends on which criteria for LVH has been used. With the use of the relatively

high cutoff values for LVH according to Koren, probably identifying more severe

concentric LVH, ANP was significantly higher in the concentric LVH group. When

the relatively lower and sex-specific cutoff values for LVH according to Muscholl

were used, BNP was significantly higher in the concentric LVH group compared to

the normal geometry group.

The prognostic risk of a disturbed left ventricular geometry has been examined by

Koren 1 and Verdecchia3. They were the first to report that hypertensive patients with

concentric remodeling have an increased risk for cardiovascular morbidity and

mortality compared to normotensive controls. The finding of a high prevalence of

concentric remodeling and a relatively low prevalence of LVH with the use of the

LVH criteria of Koren in our elderly group is consistent with previous studies in

newly found hypertensive patients drawn from a population survey26. The correlations

between ANP and BNP with LVMI in the different geometry groups suggest a different

pattern of natriuretic peptide secretion in left ventricular remodeling in hypertension.

In the remodeling of the left ventricle BNP, but not ANP is related to left ventricular

mass in the concentric remodeling group. This might indicate that BNP is more

sensitive than ANP to detect early ventricular changes, suggesting that in the
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remodeling of cardiac end organ damage primarily ventricular changes occur and

secondary atrial changes in elderly hypertensives. Furthermore, in multivariate

analysis BNP was related to diastolic dysfunction pattern suggesting delayed relaxation

of the left ventricle27. Several reports suggest, that BNP is a more sensitive marker

for left ventricular dysfunction than ANP 28, and there is some evidence suggesting

that BNP and the degree of wall thickening are related to the growth factor angiotensin

II in hypertension29.

Nishikimi studied a similar, but younger population (56 +/- 12 years) of hospitalized

hypertensives, with some patients being treated with antihypertensive drugs. Although

they had a smaller sample size (n=90) and broader range of age, they had comparable

results with ours, showing similar relationships between both natriuretic peptides in

the different LV geometry groups16. Muscholl et al. investigated whether basal activity

of ANP was related to left ventricular geometry in a group of 104 mild hypertensives

(blood pressure ≥ 140 / 90 mmHg) drawn from an outpatient clinic. Their population

was younger (54 +/- 15 years) and had been treated with antihypertensive drugs.

They found a relationship between ANP and LVMI and E/A ratio. Recently, Maisel

describes the use of a rapid measurement of B-type natriuretic peptide (BNP) in

establishing or excluding  congestive heart failure (CHF) in patients presenting at

the emergency department with acute dyspnea30. BNP scores superior to criteria sets

and other, standard tests for CHF like echocardiography which may lack in sensitivity

to identify cardiac causes of acute dyspneashowed. At a cutoff value of  100 pg/ml,

BNP had a 90 % sensitivity and 76 % specificity in this patient group. Our values of

BNP are within the normal range, and therefore the performance of BNP for detection

of elevated LV mass suggests limited usefulness of natriuretic peptides as mass

screening tools in these populations31.

In conclusion, this study compares ANP and BNP with cardiac end organ damage in

a large group of previously untreated elderly hypertensives. The different interaction

between ANP and BNP with left ventricular geometry may reflect substantial

differences in the pathophysiological remodeling of the left ventricle in essential

hypertension. BNP, but not ANP secretion seems especially related to early ventricular

changes. The value of ANP and BNP for the detection of the individual elderly

hypertensive patients with disturbed left ventricular geometry is limited. This is mainly

due to the low values of the peptides in this population, the influence of age and

gender and also methodological problems in defining echocardiographic LVH. The

prognostic value of ANP and BNP in elderly hypertensive patients remains to be

investigated, but of the natriuretic peptides BNP seems to be most promising.
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