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Aims Microalbuminuria (30300 mg 24 h™") is recognized to be independently

associated with renal and cardiovascular risk. Antihypertensives may lower micro-

albuminuria. We questioned whether the use of different antihypertensive drug classes

in general practice influences microalbuminuria as related to blood pressure in

nondiabetic subjects.

Methods To study this, we used the data from 6836 subjects of an on-going

population based study, focused on the meaning of microalbuminuria (PREVEND).

Odds ratios, adjusted for age, sex, blood pressure, cholesterol level, smoking and the

use of other antihypertensive or cardiovascular drugs, were calculated to determine the

association of drug groups with microalbuminuria. Influence of antihypertensives

on the relation between blood pressure and (log) urinary albumin excretion was

determined by comparing linear regression lines.

Results Microalbuminuria was significantly associated with the use of dihydropyridine
calcium channel blockers (odds ratio: 1.76 [1.22-2.54]), but not with other anti-
hypertensive drug groups. The linear regression line of the relation between blood
pressure and (log) urinary albumin excretion was significantly steeper (P=0.0047) for
users of calcium channel blockers, but not for other antihypertensives, compared with

subjects using no antihypertensive. Users of a combination of renin-angiotensin system

inhibitors and diuretics however, had a less steep regression line (P=0.037).
Conclusions This study suggests a disadvantageous effect of dihydropyridine calcium

channel blockers on microalbuminuria compared with other antihypertensive drug

groups. Thus, if microalbuminuria is causally related to an increased risk for
cardiovascular morbidity and mortality, dihydropyridines do not seem to be agents of
choice to lower blood pressure. Furthermore, the combination of renin-angiotensin

system inhibition and diuretics seems to act synergistically.
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Introduction

Microalbuminuria (defined as a urinary albumin excretion
of 30-300 mg 24 h ™" is recognized to be independently
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associated with renal and cardiovascular risk not only
in diabetics but also in the hypertensives [1-3]. Micro-
albuminuria can be found in diabetic populations
(prevalence: 10-30% [4—6]), in hypertensive populations
(5-25% [5-8]), but also in nondiabetic, nonhypertensive
populations (5-10% [6, 9]).

Several classes of drugs, that have been shown to
have beneficial cardiovascular effects, such as antihyper-
tensives, lower microalbuminuria [7, 10-13]. The clinical
significance of this effect is unknown. Clinical trials
have demonstrated different antihypertensive drug classes
to vary in their proteinuria- and microalbuminuria-
lowering effects. Meta-analyses have shown that the
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angiotensin-converting enzyme (ACE) inhibitors are
superior to other antihypertensives in lowering pro-
teinuria and also microalbuminuria [7, 10, 12, 13].
Later angiotensin II (Ang II) antagonists have been
found to be equally effective in this regard as the ACE
inhibitors [7, 14]. However, there is disagreement
about the calcium channel blockers (CCB), sometimes
they are found to be more [10] and sometimes less
effective [12].

Two mechanisms are suggested by which anti-
hypertensives can lower urinary albumin excretion. First,
antithypertensives lower systemic blood pressure and thus
also reduce intraglomerular pressure and thereby urinary
albumin excretion. This is supported by the correlation
between arterial pressure and urinary albumin excretion
[8, 15, 16]. Second, some drugs influence intraglomerular
pressure in addition to lowering blood pressure. Indeed,
the superiority of ACE inhibitors and Ang II antagonists
in lowering microalbuminuria is explained by their ability
to lower intraglomerular pressure. CCBs on the other
hand, give dilatation of the afferent arterioles, which, if
coupled to a high systemic blood pressure, could result in
high intraglomerular pressure.

We questioned whether the use of different cardiovas-
cular, and in particular antihypertensive drugs, influence
urinary albumin excretion as related to blood pressure
in nondiabetic subjects. A difference in lowering urinary
albumin excretion may have impact on choosing a specific
antihypertensive in general practice.

Methods
Study population and design

‘We used the data of the PREVEND cohort, consisting of
8592 subjects, aged 2875 years in the city of Groningen,
the Netherlands (for details see [17]). For this analysis
we excluded diabetics and pregnant subjects. The study
was approved by the Medical Ethics Committee and
conducted in accordance with the guidelines of the
Declaration of Helsinki. All participants attending the
outpatient clinic gave written informed consent.

The participants filled in a questionnaire, from which
information was gathered on tobacco use and on
medical treatment
and/or diabetes. Blood pressure was measured at two
outpatient visits, in supine position at the right arm every
minute for 10 min with an automatic Dinamap XL Model
9300 series device. Systolic and diastolic blood pressure
were calculated as the mean of the last two measurements

for hypertension, hyperlipidemia

of both visits. At the second visit fasting blood samples
were taken for direct measurement of glucose and
cholesterol. The subjects also handed in two 24 h urine
samples at the second visit.
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Plasma glucose and serum cholesterol were measured
with dry chemistry (Kodak Ectachem). Urinary albumin
concentration was determined by nephelometry (Dade
Behring diagnostics) with a threshold of 2.3 mg1~'
and intra- and inter-assay coefficients of variation of
less than 4.3% and 4.4%, respectively. Leucocyte and
erythrocyte counts of the urine were determined by urine
sticks. Subjects were excluded for analysis in case of
erythrocyturia >50 pl~', leucocyturia >75 ul™', or
leucocyturia=75 pl~ " and erythrocyturia >5 ul ™.

Definitions

Microalbuminuria was defined as a urinary albumin
excretion of 30-300 mg 24 h™', measured as the mean
of two 24 h urine collections. A urinary albumin excretion
>300 mg 24 h™' was defined as macroalbuminuria.
defined as
>7.8 mmol 17", a nonfasting glucose >11.1 mmol 17"
or the use of antidiabetic medication. Mean arterial
pressure (MAP) was calculated as 2/3 diastolic blood
pressure +1/3 systolic blood pressure. Subjects were
classified as smokers when they reported current smoking
or having stopped smoking less than 1 year ago; otherwise
they were classified as nonsmokers.

Diabetes was having a fasting glucose

Pharmacy records

Pharmacy records were collected at community phar-
macies. Since Dutch patients usually register at one
community pharmacy, using pharmacy records gives an
almost complete view of prescribed drugs [18]. The
pharmacy data contain, among other things, the name of
the drug, the number of units dispensed, the prescribed
daily dose, the date the drugs were collected and the
Anatomical Therapeutical Chemical (ATC) code of the
drug [19]. In the year preceding the baseline investigation
with the urine collections (index year), it was determined
if subjects were dispensed cardiovascular drugs; drugs were
classified using the ATC code. A subject was considered
using a drug if the subject had at least one prescription
for that drug in the index year. A combination of drug
groups consists of fixed combinations as well as the use of
separate preparations of those drug groups.

Statistical analysis

Analyses were performed using the statistical package
SPSS 9.0. Data are reported as mean with standard
deviation. Differences between continuous variables
were tested by use of Student’s t-test. Difterences in
proportions were tested using 7~ test. A P value of <0.05
was considered statistically significant, all P values are

two-tailed.
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Logistic regression analysis was performed to determine
the association of the use of cardiovascular drug groups
and microalbuminuria. Odds ratios and corresponding
95% confidence intervals were calculated as an approx-
imation of relative risk. The relation between blood
pressure and urinary albumin excretion in the nondiabetic
population (normo-, micro- and macroalbuminurics)
was examined using linear regression. The influence of
different antihypertensive drug groups was determined
by comparing the slope of the regression lines for the
different groups with the line for subjects not using
antihypertensives. If subjects use more than one drug
group, they contribute to more than one regression line,
thus prohibiting a comparison between groups.

Results

Subjects were excluded when they had erythrocyturia or
leucocyturia (n=451), were diabetic (1=359) and when
no pharmacy data could be collected (n=946), leaving
6836 subjects for analysis. For the calculation of associa-
tions with microalbuminuria, a further 79 subjects with
macroalbuminuria were excluded.

The subject characteristics according to urinary albumin
excretion are shown in Table 1. Both micro- and macro-
albuminuric subjects were older, more often male and had
higher blood pressure and cholesterol levels as compared
with normoalbuminurics. Furthermore, micro- and macro-
albuminurics used significantly more cardiovascular drugs.

Table 2 shows the number of users and crude and
adjusted odds ratios for the nonantihypertensive cardio-
vascular drugs. The use of all these drug classes was
significantly associated with microalbuminuria,
adjustment all groups but antiarrthythmics remained
associated with microalbuminuria.

after

Table 1 Subject characteristics.

Antihypertensive drugs and microalbuminuria

In Table 3 crude and adjusted odds ratios are shown for
different antihypertensive drug groups. All drug groups
had a significant crude OR. We adjusted these associations
for age, sex, MAP, cholesterol level, smoking, use of
other antihypertensives and use of at least one other
cardiovascular drug, thus correcting for comedication and
comorbidity. After this correction, only CCB users
showed a significant risk of having microalbuminuria.
The various subgroups of diuretics and renin-angiotensin
system (RAS) inhibitors yielded similar results. Analysis of
the different subclasses of CCBs however, revealed that
only dihydropyridine CCBs were associated with micro-
albuminuria while the OR of nondihydropyridine CCBs
became insignificant.

The relation between MAP and (the logarithm of)
urinary albumin excretion is shown in Figure 1(a,b),
for users of the different antihypertensive drug classes
as compared with subjects who do not use antihyperten-
sives. A regression line refers to all users of a drug, thus
including subjects using other drugs concurrently. Com-
paring the lines of different drug groups with the group of
subjects not using antihypertensives, the CCBs had a sig-
nificantly different (steeper) slope (P=0.0047; Figure 1a).
After adjustment of the regression lines for the same factors
as in Table 3 again only users of CCBs had a significantly
steeper relation (P=0.0015) between MAP and urinary
albumin excretion (data not shown). When analysing
the different subclasses of CCBs, only the regression line
for dihydropyridine CCBs remained significantly steeper.
If the relation between MAP and urinary albumin
excretion is analysed for users of combinations of two
drug groups, the combination of a RAS inhibitor with
a diuretic (136 users) showed a significantly difterent
(less steep) slope (P=0.037; Figure 1b), after adjustment
the slope is still less steep, though not significant (P=0.16).

Normoalbuminuria (0-30 mg/24 h)

Microalbuminuria (30-300 mg/24 h)

Macroalbuminuria (>300 mg/24 h)

n 5926
Age (years) 47.9 (12.2)
Sex (% men) 48.4
MAP (mmHg) 90.7 (11.5)
Cholesterol (mmol 1_1) 5.6 (1.1)
Smoking 37.8
Cardiovascular drug use

No 83

1 drug group 9

2 drug groups 4

>3 drug groups 4

831 79
55.7 (12.3)% 57.8 (11.9)%
65.1% 68.4%
100.4 (14.3)* 104.7 (13.1)%
5.8 (1.1)x 6.0 (1.3)%
39.3 333
67 54
137 137
9 20

11 13

Continuous values are reported as means (s.d.), categorical values as percentages, MAP = mean arterial pressure. *P<0.005 vs normoalbuminuria.

TPrevalence distribution for micro- and macroalbuminuria significantly (P<0.05) different from normoalbuminuria.

© 2002 Blackwell Science Ltd Br J Clin Pharmacol, 53, 31-36
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Table 2 Crude and adjusted odds ratios for microalbuminuria (MA; 30-300 mg/24 h): cardiovascular drugs.

Number of users OR crude OR adjustedt
Drug group No MA MA (95% CI) (95% CI)
Antiarrhythmics 14 8 4.10 (1.72, 9.81)* 2.24 (0.88, 5.69)
Anticholesterolaemic agents 219 77 2.66 (2.03, 3.49)* 1.94 (1.46, 2 59)*
Antithrombotics 271 111 3.22 (2.55, 4.07)* 1.98 (1.53, 2.56)*
Cardiac glycosides 22 17 5.60 (2.96, 10.60)* 3.10 (1.58, 6.10)*
Nitrates 93 31 2.43 (1.61, 3.67)* 1.58 (1.02, 2.45)*
*Significant (P<0.05). TAdjusted for age, sex, mean arterial pressure, cholesterol level and smoking.
Table 3 Crude and adjusted odds ratios for microalbuminuria (MA; 30—-300 mg/24 h): antihypertensive drugs.
Number of users OR crude OR adjustedt
Drug group No MA MA (95% CI) (95% CI)
B-adrenoceptor blockers 426 110 1.97 (1.58, 2.46)* 1.01 (0.78, 1.30)
a-adrenoceptor blockers 16 9 4.04 (1.78, 9.18)* 1.71 (0.70, 4.21)
Diuretics 286 73 1.90 (1.45, 2.48)* 0.86 (0.63, 1.18)
Thiazide diuretics 186 44 1.73 (1.23, 2.42)* 0.78 (0.53, 1.15)
Potassium sparing diuretics 58 15 1.86 (1.05, 3.30)* 1.01 (0.55, 1.85)
Loop diuretics 53 16 2.18 (1.24, 3.82)* 0.94 (0.50, 1.78)
RAS-inhibitors 266 82 2.33 (1.80, 3.02)* 0.99 (0.73, 1.35)
ACE inhibitors 237 66 2.07 (1.56, 2.75)* 0.90 (0.65, 1.25)
Ang II antagonists 34 19 4.06 (2.30, 7.14)* 1.81 (0.97, 3.35)
Calcium channel blockers 178 83 3 58 (2.73, 4.70)* 1.67 (1.22, 2.28)*
Dihydropyridine CCB 113 55 5 (2.62, 5.08)* 1.76 (1.22, 2.54)%
Non-dihydropyridine CCB 68 29 3 12 (2.00, 4.84)* 1.43 (0.87, 2.34)

*Significant (P<0.05). tAdjusted for age, sex, mean arterial pressure, cholesterol level, smoking, other antihypertensives and use of at least one other

cardiovascular drug.

Other combinations of antihypertensives were not

different from the group of nonusers.

Discussion

This study shows a difference between antihypertensive
drug classes in their association with microalbuminuria
and in their influence on the relation between blood
pressure and urinary albumin excretion in a general
practice. Interestingly, of the antihypertensive drugs, only
dihydropyridine CCBs show a relation with micro-
albuminuria in a multivariate regression model, while
other antihypertensive drug groups show no association
in this model. Moreover, only when ACE inhibitors
are combined with a diuretic, they show their superi-
ority over other antihypertensives in protecting against
microalbuminuria (Figure 1b).

Our findings that the use of dihydropyridine CCBs
is associated with an elevated urinary albumin excretion
can be explained by their dilating effect on the afferent
glomerular arterioles. If systemic blood pressure is higher,
this induces glomerular hypertension and could therefore
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lead to an increased urinary albumin excretion. The
observed regression line of CCB-users (Figure 1a) indi-
cates that CCBs are associated to a higher urinary albumin
excretion in subjects with high blood pressure. In everyday
practice, this would suggest that if hypertension is treated
with a CCB, the physician should take care that the
blood pressure is lowered far enough. Furthermore, only
dihydropyridine CCBs are associated with an increased
urinary albumin excretion, while nondihydropyridine
CCB:s are not (Table 3). These findings are in agreement
with a recent meta-analysis, which showed a negative
effect of nifedipine on microalbuminuria as compared
with other CCBs [12].

Interestingly, our data did not show the expected
superiority of ACE inhibitors and Ang II antagonists in
protecting against microalbuminuria, unless combined
with a diuretic. There can be two reasons for this lack of
effect. First, if it was already known that subjects had
microalbuminuria there is a higher chance that they would
be prescribed an ACE inhibitor or Ang II antagonist. We
tried to minimize this channelling by excluding all diabetic
subjects, since measurement of urinary albumin excretion

© 2002 Blackwell Science Ltd Br J Clin Pharmacol, 53, 31-36
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Figure 1 a) and b) Influence of difterent antihypertensive drug
groups on the relation between blood pressure and urinary
albumin excretion. The figure is split in two for clarity. Only the
combination between a RAS inhibitor and a diuretic is shown,
none of the others had a significantly different slope.
*Significantly different slope (P<0.05) as compared with no
antihypertensives. Solid bold line no antihypertensive; Solid thin
line a) calcium channel blocker, b) diuretic; thick dotted line

a) a-adrenoceptor, b) RAS inhibitor; thick dashed line

a) [p-adrenoceptor blocker, b) diuretic +RAS inhibitor.

today is restricted mainly to this group and is rarely
performed in nondiabetics. Second, the lack of superiority
could be due to the fact that in general practice the
albuminuria lowering eftect of ACE inhibitor therapy is
not visible anymore in the long term. ACE inhibitors are
most effective in lowering hypertension and proteinuria
in volume depleted conditions, by following a low sodium
diet or by addition of diuretics [20]. Interestingly, we
did find a significantly altered relation between blood
pressure and urinary albumin excretion for users of the
combination of a RAS inhibitor and a diuretic.

Since microalbuminuria is known to be more prevalent
in subjects with hypertension, the univariate relation with

© 2002 Blackwell Science Ltd Br J Clin Pharmacol, 53, 31-36
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antihypertensives was to be expected. We also found other
cardiovascular drug groups to be used more frequently
by microalbuminuric subjects. The association found for
anticholesterolaemic agents, even after adjustment for
cholesterol level, is remarkable and should be investigated
further. The association with drugs used in subjects with
manifest cardiovascular diseases, such as angina pectoris
(nitrates), arrhythmias (antiarrhythmics and cardiac glyco-
sides), heart failure (glycosides) and thrombotic events
was to be expected. Indeed cardiovascular disease is seen
more frequently in microalbuminurics [1-3]. However,
up till now nobody has shown that reducing or slowing
down the progression of urinary albumin excretion in a
nondiabetic population prevents renal or cardiovascular
morbidity and mortality and further research on this
subject needs to be done [21].

There are some shortcomings in this study. First, none
of these drugs is indicated for hypertension alone, thus
it could be that the relations we found are confounded by
indication. However, by adjusting the odds ratios for use
of other antihypertensives and cardiovascular drugs we
tried to correct for this bias. Furthermore, CCBs are not
the first choice in the treatment of hypertension, leaving
the possibility for confounding by severity of indication.
However, this cannot explain why we found a higher
urinary albumin excretion for a given blood pressure
during CCB use (Figure 1a). Second, this is only a cross-
sectional analysis, and therefore does not allow us to draw
conclusions on a cause and effect relation. Prospective
follow up of this cohort with continuous monitoring
of pharmacy records will in the future show whether
antihypertensive drug groups are able to lower urinary
albumin excretion or to slow down its progressive rise.

In conclusion, this study suggests a disadvantageous
effect of CCBs on microalbuminuria compared with other
antihypertensive drug groups, especially when the CCB
therapy does not reach sufficient blood pressure lowering.
If such data could be confirmed in a prospective follow up
study, as is presently being carried out, it can be concluded
that dihydropyridine CCBs are not the agents of choice to
lower blood pressure, while the combination of RAS
inhibition with a diuretic seems to be preferred.
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