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Objectives. The clinical course of hypertension or
heart failure may be modified by the extent of con-
current neurohormonal activation. Factors that reg-
ulate neurohormones in patients with these
conditions are complex. In the present study, we
examined the relative contribution of antihyperten-
sive therapy to the variability of neurohormonal lev-
els in a well defined population based sample.
Design and setting. Cross-sectional study of a mixed
urban and rural population.
Subjects. Middle-aged individuals (n 5 646) were
analysed in order to elucidate determinants of neuro-
hormone levels by uni- and multivariate compar-
isons. The assessment included anthropometric,
echocardiographic and, if appropriate, genotype
information.
Results. The intake of antihypertensive drugs was
related to significant alterations of neurohormone
levels that, in part, exceeded the contribution of all
other variables studied. Multivariate analyses

revealed that renin levels were independently related
to the intake of beta blockers (n 5 80; –8.4 mU L21; P
5 0.001), angiotensin-converting enzyme (ACE)-
inhibitors (n 5 39; 115.9 mU L21; P 5 0.0001),
diuretics (n 5 62; 114.3 mU L21; P 5 0.0001), and
calcium channel blockers (n 5 45; 15.9 mU L21; P 5
0.05). Aldosterone levels were related to ACE-inhibi-
tion (–156.5 pmol L21; P 5 0.04) and diuretic treat-
ment (1422.4 pmol L21; P 5 0.0001) in an opposite
fashion whereas beta blockers and calcium channel
blockers had no significant independent effects. The
levels of the atrial natriuretic peptide were signifi-
cantly related to the use of beta blockers (13.9 pmol
L21; P 5 0.002) and calcium channel blockers (13.1
pmol L21; P 5 0.05). Finally, serum angiotensinogen
levels and ACE activity were not found to be signifi-
cantly affected by antihypertensive medication but
were rather related to gender or genotype.
Conclusions. The data emphasize that antihyperten-
sive treatment with different classes of drugs may
modulate serum levels of neurohormones substan-
tially resulting in distinct patterns of activation.
These drug-related effects may require consideration
when neurohormonal activation is of functional rel-
evance or when neurohormones serve as prognostic
predictors in patients with cardiovascular disorders.
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Introduction

Today, arterial hypertension can be treated by a vari-
ety of drugs that are equally effective in lowering

blood pressure [1]. It is unclear, however, whether
these drugs are also equally effective in improving
the morbidity and mortality that is related to the dis-
order. In fact, recently published epidemiological

JINT321



H. SCHUNKERT et al.110

© 1998 Blackwell Science Ltd Journal of Internal Medicine 244: 109–119

observations as well as a meta-analysis of clinical tri-
als raised concerns since these studies suggested that
the prognosis of patients with hypertension may
depend, in part, on the dose and the class of the anti-
hypertensive agent selected [2, 3]. Although the
results of controlled trials must be awaited in order to
clarify this pertinent clinical problem, it may be
appropriate to further analyse the differential phar-
macodynamic effects that accompany the antihyper-
tensive action of these drugs. Clinical studies already
suggested that antihypertensive agents may differ
with regard to their effects on various neurohor-
mones. On the other hand, many of these studies
were relatively small and findings were, in part, con-
tradictory [4–12]. In addition, it is unclear how these
trials on healthy volunteers or selected patients
translate to the general population. These data may
be of specific interest since serum levels of various
neurohormones have recently been related to the
clinical outcome in patients with cardiovascular dis-
ease [13–15], or proposed to serve as a diagnostic
marker [16], or as a guide in differential therapy [13,
17]. Therefore, the major aim of the present investi-
gation was to assess, in a population based sample,
the extent of neurohormonal modulation by various
antihypertensive agents.

Study population

The subjects of this study originate from a sex-age-
stratified random sample of all German residents that
constituted the 1984/85 baseline survey of the
MONICA (Multinational Monitoring of Trends and
Determinants in Cardiovascular Disease) Augsburg
study [18]. A second follow-up examination was car-
ried out in 1994 that included anthropometric,
echocardiographic, biochemical, and molecular
genetic measurements. The survey was offered to a
total of 1010 men and women, regardless of their
hypertension status, aged 52–67 years, of whom
646 (64%) attended.

All subjects responded to a questionnaire on med-
ical history with specific emphasis on current med-
ication. Anthropometric measurements included
blood pressure readings and measurements of body
height and weight as previously outlined in detail
[19, 20]. Resting blood pressure was measured after
subjects remaining in a sitting position for a mini-
mum of 30 min. Using a mercury sphygmomanome-
ter, blood pressure was read three times at the right

arm by two investigators. The mean of three mea-
surements was used for this study. Hypertension was
defined as blood pressure .140 (systolic) and/or
.90 mmHg (diastolic) or chronic intake of antihy-
pertensive agents. Drugs were considered to be used
for treatment of hypertension when (i) subjects were
aware of the diagnosis of hypertension or when (ii)
blood pressure .160 mmHg (systolic) or .95
mmHg (diastolic). Antihypertensive combination
therapy was considered when drugs acting via
different blood pressure lowering mechanisms, e.g.
diuretics and angiotensin-converting enzyme (ACE)
inhibitors, were taken either as separate pills or in a
fixed combination.

Methods

Echocardiographic measurements

A two dimensionally guided M-mode echocardio-
gram was performed on each subject by one of two
expert sonographers (Sonos 1500; Hewlett Packard).
M-mode tracings were recorded using standard pro-
cedures as previously described [21]. Only tracings
that demonstrated optimal visualization of left ven-
tricular interferences were used, a requirement that
resulted in exclusion of 17% of potential subjects
from analysis involving echocardiographic data. Left
ventricular mass (LVM) was calculated from M-mode
echocardiograms according to the formula described
by Devereux et al. [22].

Biochemical measurements

Blood was drawn from nonfasting subjects who were
in a supine resting position for at least 30 min. All
determinations of neurohormones were carried out
in duplicate. Immunoreactive renin was measured in
a 200 mL plasma sample by means of an immunora-
diometric assay kit (Nichols Institute, Wychen, The
Netherlands), following the methods proposed by
Derkx et al. [23]. Aldosterone and atrial natriuretic
peptide (ANP) were quantified in 100 mL serum by
standard radioimmunoassays (Peninsula, Belmont,
CA, USA). For determination of angiotensinogen in
10 mL serum, 50 ng recombinant human renin (a
generous gift of Dr Fischli, Hoffmann-LaRoche,
Basel, Switzerland) was employed to generate
angiotensin I as previously described [24].
Angiotensin I was measured by standard radioim-
munoassay (Peninsula). ACE activity was determined
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by a fluorometric assay as previously described in
detail [25]. In patients taking ACE inhibitors, high
levels of ACE activity may be measured due to the
fact that in vitro the ACE inhibitor may dissolve from
the enzyme. Furthermore, ACE inhibitors may

induce ACE via feedback induction [25]. Therefore,
no data are presented on ACE activity in patients
receiving ACE inhibitors. The methods for determina-
tions of the ACE insertion/deletion genotype as well
as the angiotensinogen M235T genotype have

Table 1 Anthropometric data of participants according to intake of antihypertensive drugs

Normotensive Untreated hypertensive Treated hypertensive
(n = 316) (n = 174) (n = 156)

Age (years) 57.1 (0.1) 57.5 (0.2) 59.6 (0.3)*
Male gender (%) 43.5 53.4*** 48.4
BMI (kg m22) 26.3 (0.2) 27.7 (0.2)*** 28.8 (0.3)*
Heart rate (min) 69.3 (0.6) 73.8 (0.9)*** 70.1 (1.0)**
Systolic BP (mmHg) 135 (0.6) 164 (1.1)*** 155 (1.5)*
Diastolic BP (mmHg) 84 (0.3) 100 (0.6)*** 94 (0.8)*
LVMI (g m22) 90.5 (1.6) 106 (2.9)*** 118 (3.0)*
Fract. shortening (%) 36.7 (0.4) 36.8 (0.5) 36.2 (0.8)
Diabetes mellitus (%) 1.2 3.4 10.3*
Mycardial infarction (%) 1.5 0.6 3.2
Hormone replacement (%) 33.3 33.3 18.8*
Renin (mU L21) 16.4 (0.6) 15.3 (0.9) 23.0 (3.2)*
Aldosterone (pmol L21) 332 (11) 382 (19) 524 (58)*
Angiotensinogen (µmol L21) 0.65 (0.02) 0.66 (0.02) 0.63 (0.02)
ACE activity (U L21) 24.8 (0.3) 25.5 (0.5) 26.3 (0.7)***
ANP (pmol L21) 17.1 (0.5) 17.6 (0.7) 22.2 (1.1)*

Values are expressed as mean (SEM).
ACE, angiotensin converting enzyme; ANP, atrial natriuretic peptide; BMI, body mass index; BP, blood pressure; Fract. shortening, fractional
shortening by M mode echocardiography; LVMI, left ventricular mass index by M mode echocardiography (Penn formula).
*P < 0.05 vs. untreated groups; **P < 0.05 vs. untreated hypertensive subjects; ***P < 0.05 vs. normotensive subjects.

Table 2 Anthropometric data of participants according to class of antihypertensive drugs

Beta-blockers ACE inhibitors Calcium channel Diuretics
(n = 80) (n = 39) blockers (n = 45) (n = 62)

Age (years) 58.7 (0.4) 59.6 (0.6) 60.6 (0.5)* 60.0 (0.5)*
Male gender (%) 48.7 53.8 62.2 34.0†‡§
BMI (kg m22) 28.0 (0.3) 29.6 (0.7)*§ 28.9 (0.6) 30.3 (0.5)*§
Heart rate (min) 66.7 (1.3)§ 72.7 (2.0)* 71.4 (1.7)* 74.5 (1.6)*
Systolic BP (mmHg) 154 (2)§ 158 (3) 155 (2)§ 160 (2)*
Diastolic BP (mmHg) 94 (1.0)§ 97 (1.7) 94 (1.5)§ 95 (1.3)§
LVMI (g m22) 121 (4.0)§ 129 (7.7)§ 124 (5.0)§ 117 (5.1)
Fract. shortening (%) 35.8 (1.0) 33.0 (1.8)§ 36.5 (1.3) 36.4 (1.5)
Diabetes mellitus (%) 3.8 20.5*§ 17.8*§ 11.7*§
Mycardial infarction (%) 2.2 7.7 0† 4.8
Hormone replacement (%) 24.4 16.7 11.8 9.8
Renin (mU L21) 11.7 (0.8) 41.6 (12.0)*§ 27.0 (9.2)§ 35.1 (8.1)*§
Aldosterone (pmol L21) 521 (105) 468 (42) 543 (47) 742 (147)*†
Angiotensinogen (µmol L21) 0.64 (0.02) 0.65 (0.04) 0.64 (0.02) 0.67 (0.04)
ACE activity (U L21) 26.3 (0.9) ND 26.0 (1.3) 27.2 (1.4)
ANP (pmol L21) 23.3 (1.2)§ 18.1 (1.6)* 22.6 (2.4)§ 21.2 (1.6)§

Values are expressed as mean (SEM).
ACE, angiotensin converting enzyme; ANP, atrial natriuretic peptide; BMI, body mass index; BP, blood pressure; Fract. shortening, fractional
shortening by M mode echocardiography; LVMI, left ventricular mass index by M mode echocardiography (Penn-formula).
As a result of antihypertensive combination therapy, combined numbers in Table 2 are larger than the entire group of antihypertensively
treated patients in Table 1.
*P < 0.05 vs. subjects on beta blockers; †P < 0.05 vs. subjects on ACE inhibitors; ‡P < 0.05 vs. subjects on calcium channel blockers;
§P < 0.05 vs. untreated hypertensive subjects.
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recently been published in detail [20, 26].

Statistical analysis

Drugs were combined according to their mode of
action to form four classes, i.e. beta blockers, ACE
inhibitors, calcium channel blockers, and diuretics.
Only a small number of individuals received antihy-
pertensive agents that did not fall into these principal
categories, i.e. centrally acting drugs, alpha-blockers,
or hydralazine (total of n 5 17). These subjects were
excluded from further analysis. ANOVA for multiple
comparisons (continuous variables) or x2 tests (cate-
gorical variables) were performed to compare nor-
motensive, untreated hypertensive, and treated
hypertensive individuals or subjects taking one of the
four major antihypertensive medications. In addi-
tion, Student’s t-tests were carried out for compar-
isons between untreated hypertensive individuals
and subjects receiving a particular antihypertensive

class of agents or individuals receiving antihyperten-
sive monotherapy. Data are presented as mean 6

SEM.
Multivariate comparisons had two principal objec-

tives. First, we compared neurohormone levels in
patients receiving different classes of antihyperten-
sive agents. This model included the four classes of
drugs as main predictors as well as sex, age, heart
rate, body mass index, systolic blood pressure, history
of diabetes mellitus, and myocardial infarction by
electrocardiography as obligatory covariates. The
second aim was to compare in a broader fashion the
relative impact of antihypertensive drugs with other
potential determinants of neurohormone levels.
Therefore, the initial model was expanded by a para-
meter of left ventricular systolic function (fractional
shortening by echocardiography), and genotype
information (insertion/deletion genotype of ACE and
M235T genotype of angiotensinogen) as additional

Fig. 1 Levels of circulating renin, aldosterone, angiotensinogen, angiotensin converting enzyme (ACE) activity, and atrial natriuretic peptide
(ANP) in antihypertensively treated individuals expressed in percentage of untreated hypertensive subjects (logarithmic scale). Patients are
presented in groups of those using the respective antihypertensive agent in form of combination therapy (closed bars) or monotherapy (open
bars). The intake of beta blockers (BB) (a), ACE inhibitors (b), calcium channel blockers (c), and diuretics (d) is characterized with drug
specific modulations of respective neurohormones. *P , 0.05; **P , 0.005 vs. untreated hypertensive subjects.
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covariates. With regard to the relative impact on neu-
rohormonal modulation, there were no qualitative
and only minimal quantitative differences between
the first and second model such that only the second
is reported. Data are presented as estimates from the
regression model, i.e. beta-coefficients and their
respective SEM. P-values ,0.05 were considered sig-
nificant.

Results

Anthropometric data

Anthropometric data of subjects are shown in Table
1 according to hypertension status. In total, 156
individuals received antihypertensive drug treat-
ment, with similar numbers using antihypertensive
combination therapy (n 5 79) or monotherapy (n 5

77). As a group, patients receiving drug treatment
were characterized by substantial elevations of renin,
aldosterone, and ANP serum levels (Table 1). In addi-
tion, ACE activity was slightly elevated whereas

angiotensinogen levels were similar to individuals
without antihypertensive medication. Furthermore,
patients receiving antihypertensive drug treatment
were slightly older, presented with higher body mass
and left ventricular mass indices, were more likely to
have diabetes mellitus, and, in women, less likely to
receive oestrogen replacement therapy. In addition,
patients receiving antihypertensive medication pre-
sented with lower blood pressure levels than untreat-
ed hypertensives. In Table 2, anthropometric data are
presented according to the class of antihypertensive
agents used in respective patients. Overall anthropo-
metric, clinical, and echocardiographic data were
similar in respective treatment groups although
some statistically significant differences were
observed (Table 2). In order to adjust for these differ-
ences and to further delineate the differential, drug-
related pattern of neurohormonal modulation, these
parameters, i.e. age, gender, body mass index, heart
rate, systolic blood pressure, as well as diabetes melli-
tus and myocardial infarction disease status, were
subsequently included in multivariate comparisons.

Fig. 2 Absolute levels of circulating
renin (a) and aldosterone (b) in
untreated subjects (closed bars),
subjects on monotherapy (open
bars), and subjects on frequently
used antihypertensive combination
therapies (hatched bars). BB, beta
blockers; **P , 0.005 vs. untreated
subjects; #P , 0.05 vs. subjects
treated with respective
monotherapy.
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Fig. 3 Levels of circulating renin
(a), aldosterone (b), angio-
tensinogen (c), angiotensin
converting enzyme (ACE) activity
(d), and atrial natriuretic peptide
(ANP) (e) expressed in respective
units that were related to a series of
determinants by multivariate
analysis. The intake of various
antihypertensive drugs (hatched
bars) is associated with specific
modulations of respective
neurohormones.
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Beta-receptor blockers

Beta-blockers, used as either antihypertensive mono-
(n 5 44) or combination therapy (n 5 36), were
related to a pronounced decrease of renin levels (Fig.
1a). This trend was consistently detectable in com-
parisons with untreated hypertensive subjects (Figs
1a and 2a) or hypertensive individuals with other
forms of hypertensive medication (Table 2; Fig. 2a).
Multivariate analysis revealed that the decrease of
renin levels persisted when a variety of covariates
including other medications were included in the
analysis (Fig. 3a). In contrast, aldosterone was not
affected uniformly by beta-blockade (Figs 1a and Fig.
2b). Those patients using beta blockers in combina-
tion with other antihypertensive agents displayed

elevated aldosterone levels whereas patients who
received beta blocker monotherapy or in the combi-
nation with diuretics presented with slightly lower
levels. No significant change of aldosterone was
detectable by multivariate analysis. In addition, beta
blockade had no perceivable effects on angiotensino-
gen or ACE levels (Figs 1a and 3c & d). However, beta
blockers were related to a consistent and significant
increase of ANP levels in uni- and multivariate
analyses (Figs 1a and 3e).

ACE inhibitors

The intake of ACE inhibitors (monotherapy n 5 8,
combination therapy n 5 31) was related to a sub-
stantial increase in renin levels that was detectable
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in both uni- and multivariate analyses (Figs 1b, 2a,
and 3b). Aldosterone levels were almost unchanged
in patients receiving ACE-inhibitor monotherapy
(Fig. 1b). However, a significant decrease of aldos-
terone was related to ACE inhibitors by multivariate
analysis (Fig. 3b), an effect that is most likely to be
related to a substantial decrease in aldosterone levels
observed in patients treated with the combination of
ACE inhibitors and diuretics (Fig. 2b). ACE inhibitors
had no perceivable effect on serum angiotensinogen
or ANP levels (Figs 1b and 3c & e). As outlined
above, the effect of ACE inhibitors on ACE activity
could not be measured reliably in the present sample.

Calcium channel blockers

Calcium channel blockers were used by 45 patients
(monotherapy n 5 17, combination therapy n 5

28). This group was characterized by elevated serum
levels of renin and ANP (Table 2; Fig. 1c).
Interestingly, the effect of calcium channel blockers
on renin was blunted in patients receiving the drug
in combination therapy with beta blockers (Fig. 2a).
Calcium channel blockers had no perceivable effect
on serum aldosterone, angiotensinogen, or ACE lev-
els (Figs 1c, 2b, and 3c & d). Multivariate analyses
confirmed the elevations of renin and ANP in
patients receiving calcium channel blockers (Fig. 3a
& e).

Diuretics

The use of diuretics (monotherapy n 5 8, combina-
tion therapy n 5 54) was consistently related to an
increase of both renin and aldosterone levels (Table
2; Figs 1d, 2a & b, and 3 a & b). In addition, some
patients receiving diuretics had mildly elevated ACE
activities (Fig. 1d). The effects of diuretics on renin
were blunted in patients receiving a combination
therapy with beta blockers (Fig. 2a). Likewise, the
effects of diuretics on aldosterone were less pro-
nounced in patients receiving a combination thera-
py with beta blockers or ACE inhibitors, respectively
(Fig. 2b). In contrast, the combination of calcium
channel blockers and diuretics was not associated
with a significant reduction of aldosterone levels
(combination therapy with calcium channel block-
ers, n 5 11: 859 6 258 pmol L21). Diuretics had no
perceivable effect on serum angiotensinogen or ANP
levels (Figs 1d and 3c & e).

Discussion

The present study shows that antihypertensive drug
therapy, as used in the general population, is associ-
ated with substantial alterations of neurohormonal
systems. Indeed, the use of antihypertensive agents
was related to more profound changes of neurohor-
mone levels than most anthropometric and function-
al parameters investigated. In the pooled group of
antihypertensively treated patients, most neurohor-
mones studied were found to be significantly stimu-
lated. However, discrimination of principal substance
classes highlighted distinctive patterns of neurohor-
monal modulation associated with respective med-
ications.

The present data may extend the information of
clinical studies that already document a strong mod-
ulation of neurohormonal activity by antihyperten-
sive therapy [4–12]. In addition, the analysis of a
population-based sample like the present may allow
(i) comparison of the effects of antihypertensive
drugs with other potential predictors, (ii) comparison
of the various classes of antihypertensive drugs with
each other, and (iii) extrapolation of experimental
data on healthy volunteers or selected patients to the
general population.

In the present study, renin was significantly elevat-
ed in individuals who received ACE inhibitors, diuret-
ics, or calcium channel blockers whereas those
patients who took beta blockers presented with lower
levels. Furthermore, aldosterone was found to be ele-
vated in many patients, in particular, when diuretics
were part of the antihypertensive therapy. Finally,
ANP levels were significantly elevated in patients
who used beta blockers or calcium channel blockers
whereas ACE inhibitors and diuretics were without
perceivable effect on this cardiac peptide. The promi-
nent and drug class-specific changes of renin, aldos-
terone, and ANP were in contrast with ACE activity
and angiotensinogen levels that were not found to be
significantly affected by medication but rather relat-
ed to genotype or gender.

The most complex pattern of neurohormonal
modulation was observed in patients receiving beta
blockers. Renin, the rate limiting enzyme of the vaso-
constricting and antinatriuretic renin angiotensin
system, was suppressed whereas the diuretic, natri-
uretic and potentially vasodilating ANP was aug-
mented. Overall, these beta-blocker-related
neurohormonal effects are in good agreement with
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observations reported from clinical studies. In partic-
ular, the suppression of renin by beta blockers is well
documented [27, 28] whereas the modulation of
ANP had been noted but received less attention clini-
cally [11, 29]. The group of patients receiving beta
blockers in combination with other antihypertensive
agents was found to have elevated aldosterone levels.
However, aldosterone induction was neither observed
in patients receiving beta blocker monotherapy nor
related to beta blockers by multivariate analysis. In
fact, patients with beta blockers in combination with
diuretics presented with lower aldosterone levels as
compared to patients with diuretic monotherapy. The
latter data also reflect the clinical experience with
beta blockers that revealed either a mild reduction or
no effect on aldosterone levels [11, 28, 30, 31]. The
lack of a strong and consistent suppression of aldos-
terone by beta blockers is unexpected since renin, a
powerful determinant of aldosterone levels (r 5

0.265; P 5 0.0001 in this sample), was lower in the
beta-blocker group. However, it has been noted earli-
er that renin is no longer a predictor of aldosterone
in patients receiving beta blockers [28]. Not investi-
gated in the present study was the immediate inhibi-
tion of the beta-adrenergic system, a mechanism
that may explain the lower heart rate in the beta-
blocker group.

Patients who received ACE inhibitors and untreat-
ed hypertensive individuals presenting with similar
aldosterone, angiotensinogen, and ANP levels (Fig.
1). In addition, the well documented feedback induc-
tion of renin is known to be of little functional rele-
vance since the renin angiotensin system is at least
partially blocked further downstream of the sig-
nalling cascade [32]. Thus, it might be concluded
that ACE inhibitors have little effects on the neuro-
hormones studied in the present cohort. However,
the multivariate analysis suggested a suppression of
aldosterone by ACE inhibitors. It may be of interest
therefore that two out of three patients received ACE
inhibitors in combination with diuretics; a class of
drugs that was related to a substantial increase of
aldosterone (see below). Thus, aldosterone may be
only mildly affected in patients who receive chronic
ACE-inhibitor monotherapy [33, 34], whilst these
agents appear to partially prevent the aldosterone
induction which is associated with the intake of
other antihypertensive drugs [32].

Diuretics were related to substantial inductions of
renin and aldosterone levels but were without effects

on ANP and angiotensinogen. Furthermore, the
group of all patients receiving diuretics, including
those taking diuretics in combination with other
antihypertensive agents, was found to have slightly
higher ACE activity. Thus, as pointed out earlier [4,
32], treatment with diuretics is related to a pattern of
neurohormonal activation that may be disadvanta-
geous in patients with hypertension or heart failure.
It needs to be considered, however, that the antinatri-
uretic and antidiuretic effects of the activated renin
angiotensin aldosterone system are opposed by the
intrinsic action of diuretics. Furthermore, in accor-
dance with guidelines for treatment of more severe
hypertension [1], diuretics were frequently coadmin-
istered with other antihypertensive agents (54 of 62
patients received combination therapy) that may
potentially ameliorate neurohormonal activation. In
fact, subjects receiving diuretics in combination with
ACE inhibitors or beta blockers presented with sub-
stantially lower aldosterone levels [11, 32]. Likewise,
normalized renin levels were found in patients taking
diuretics and beta blockers concomitantly [11, 35].

Like diuretics, calcium channel blockers were
related to an induction of renin levels, a finding that
reflects the experience from most clinical studies [6,
9, 11, 12]. Most patients (32 out of 45) used dihy-
dropyridines such that the data may specifically
apply to these agents. Interestingly, we observed that
general practitioners frequently combined calcium
channel blockers with beta blockers and that this
combination was associated with a potentially bene-
ficial suppression of renin levels. Some smaller clini-
cal studies on both dihydropyridines and newer long
acting calcium channel blockers reported a suppres-
sion of aldosterone levels by these agents [9, 10]. The
present study on a large population based sample is
not in favour of this view and rather supports a series
of earlier studies that noted no change or a mild
induction of this neurohormone in subjects taking
calcium channel blockers [6, 11, 36]. Finally, we
observed that calcium channel blockers were related
to an induction of ANP levels, an effect that was not
noted in recent clinical studies [11, 12].

The analysis of the relation between anthropomet-
ric determinants and neurohormone levels was not
the primary aim of the present study. Most effects
observed reiterate previous reports [37–41] and con-
firm thereby the representative nature of the study
sample. Other associations observed in the present
study, like the ones between ANP levels and diabetes
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mellitus or gender, have not been reported in this
fashion and may require further investigation [42,
43].

Some limitations of the present observational
study need to be considered. Most importantly,
patient groups using different antihypertensive
agents may be preselected for differential indications
of respective drugs. However, anthropometric data
were relatively similar in treatment groups and thus
unlikely to explain the substantial differences of neu-
rohormonal activation. Furthermore, we aimed to
control for most of these determinants by multivari-
ate analysis that confirmed most drug-related alter-
ations of neurohormones. On the other hand, we
were unable to include all potential determinants of
neurohormone levels in the present analyses. In par-
ticular, information on sodium, potassium, or fluid
intake as well as some comorbidities like renal artery
stenosis were not available in the present cohort.
However, given the extent and the class specificity of
drug related neurohormonal modulation it seems
unlikely that the present findings are due to unrecog-
nized confounders. Finally, the construction of sub-
stance groups by pooling of different agents is a
potential limitation. It should also be acknowledged
that various drugs were used at different dosages.
This diversity should tend to dilute specific findings
rather than induce false positive results. Therefore,
the drug related changes of neurohormones present-
ed herein may be even an underestimate of effects
seen under controlled conditions. Nevertheless, in
order to obtain more detailed data, larger patient
groups need to be investigated prospectively to con-
firm the present observations.

In summary, in the general population most com-
monly used classes of antihypertensive drugs are
related to specific patterns of neurohormonal modu-
lation. In addition, antihypertensive combination
therapy was used frequently, resulting in reversal or
pronunciation of some drug-associated alterations of
neurohormones, a phenomenon with hitherto unde-
fined functional implications.
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