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Abstract

Background: Albuminuria has been proven to be associated 
with cardiovascular (CV) events in specific patient populations, 
but also in the general population. This study aimed to investigate 
whether the efficacy of blood pressure lowering agents depends 
on baseline urinary albumin excretion (UAE) and if so, whether 
this holds true for blood pressure lowering agents in general, or is 
limited to agents that interfere in the renin-angiotensin system. 
Methods: Data were used from a community based cohort study and 
pharmacy dispensing records. Included were subjects with hypertension 
(SBP≥140 and/or DBP≥90 mmHg), no cardiovascular disease history, and 
no previous use of blood pressure lowering agents.
Results: During study follow-up (7.1±1.6 years), 122 CV events were 
observed in 1,185 subjects included. Start of blood pressure lowering 
agents versus non-use was associated with a difference in absolute CV 
event risk of 0.7%, 6%, and 12.6% for all subjects, those with UAE ≥15 mg/
day, and ≥30 mg/day, respectively. Cox regression analysis showed that the 
relative risk for CV events after start of blood pressure lowering agents 
was significantly dependent (P<0.05) on baseline UAE; with Hazard ratios 
(HR) of 0.87 (95% CI: 0.48-1.60, P=NS), 0.58 ( 95% CI: 0.36-0.94, P<0.05), 
and 0.37 (95% CI: 0.20-0.68, P<0.05), for subjects with UAE <15, ≥15 and 
≥30 mg/day, respectively. Results adjusted for covariates were essentially 
similar. The use of ACEi/ARB treatment tended to be associated with 
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a more favourable CV prognosis when compared to non-ACEi/ARB 
treatment (difference P =0.06).
Conclusion: Our results suggest that the efficacy of blood pressure 
lowering agents to prevent CV events is dependent on baseline albuminuria. 
The higher baseline albuminuria, the more absolute as well as relative risk 
reduction can be achieved. This seems especially the true for ACEi/ARBs. 
We caution that this is an observational study, and that these conclusions 
should therefore be regarded as hypothesis generating, rather than 
hypothesis testing.

Introduction

Blood pressure lowering agents are prescribed to lower the cardiovascular 
event rate. Ideally, these agents should be prescribed preferentially to those 
subjects at increased cardiovascular risk1-4. Risk prediction models have 
been developed to estimate the cardiovascular risk of an individual, such as 
the Framingham Risk Score and the SCORE Risk Model. These prediction 
models take into account various risk factors for cardiovascular disease, as 
well as signs of atherosclerosis related end organ damage. In general, these 
risk prediction models do not contain urinary albumin excretion5.

In various cross-sectional studies it has been found that albuminuria 
is associated with cardiovascular risk factors such as age, gender, 
blood pressure, cholesterol, glucose, body mass index and smoking6-13. 
Prospective studies have shown that higher albuminuria levels predict 
worse cardiovascular outcome, even independent of the aforementioned 
risk factors. Such observations were done not only in subjects with diabetes 
and hypertension, but also in the general population14-20. It is therefore 
tempting to hypothesize that especially subjects with higher albuminuria 
levels may benefit from blood pressure lowering agents to improve their 
cardiovascular outcome21.

Recently we completed the PREVEND IT Study, a prospective study 
in which subjects were randomized to placebo or the ACE inhibitor 
fosinopril22. To be eligible subjects had to have albuminuria in excess of 15 
mg/day and normal blood pressure and cholesterol, as defined by prevailing 
guidelines for general practitioners at the start of the study in 1998. In these 
subjects, apparently at low cardiovascular risk, the ACE inhibitor lowered 
the incidence of cardiovascular events. In subjects with higher baseline 
albuminuria the absolute risk reduction with ACE inhibition was greater. 
Of more interest was the observation that also the relative risk reduction 
with the ACE inhibitor was found to be dependent on baseline albuminuria: 
the higher baseline albuminuria, the greater the relative risk reduction22. 
Since the PREVEND IT study is placebo controlled, it is impossible to 
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ascertain whether the reduction in cardiovascular event rate is due to an 
ACE inhibitor specific effect, or merely due to the blood pressure lowering 
effect of this drug class. Furthermore, participants of the PREVEND IT 
study were only included with persistent albuminuria and therefore it was 
not formally tested whether the relative risk reduction with active therapy 
was significantly greater in subjects with high versus low albuminuria levels.

To provide answers to these issues we decided to analyze data obtained 
in a community based prospective cohort study, investigating whether the 
efficacy of blood pressure lowering agents to lower cardiovascular event 
rate is dependent on baseline albuminuria. Second, if such an effect is to be 
found, to study whether this effect is specific for agents that interfere with 
the renin-angiotensin system (ACE/ARBs) or can also be observed with 
other classes of blood pressure lowering drugs.

Methods

Study design and population

This analysis uses data of the PREVEND study, a prospective observational 
cohort study designed to investigate the impact of albuminuria on 
the development of renal and cardiovascular diseases in the general 
population. The design of the PREVEND study has been described in detail 
elsewhere13,23, and can be found on www.PREVEND.org. In summary, 
participating subjects were selected in 1997 from 40,856 individuals from 
the general population. A cohort aged 28-75 years, enriched for higher 
levels of albuminuria was drawn from these individuals. A total of 8,592 
subjects gave written informed consent and were included in the baseline 
screening that took place between 1997 and 1998. The PREVEND study 
has been approved by the local medical ethics committee and is conducted 
in accordance with the guidelines of the declaration of Helsinki.

For the present analyses we included those individuals who had 
detailed pharmacy records on drug use available, who were at the date 
of the baseline screening hypertensive (defined as SBP ≥140 and/or DBP 
≥90 mmHg4), without a cardiovascular disease history and not using 
blood pressure lowering agents (Figure 1). For the remaining subjects, 
it was evaluated whether they did or did not start using blood pressure 
lowering drugs during study follow-up (“non-users” and “starters”, 
respectively) (Figure 1). In both groups the incidence of cardiovascular 
events was studied during follow-up. Of note, subjects that started using 
blood pressure lowering drugs after a cardiovascular event took place were 
classified as “non-users”, since these subjects were not exposed to blood 
pressure lowering drugs before the event occurred. 
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Measurements and definitions

The baseline screening procedure consisted of a physical examination and 
a questionnaire on demographics and medical history. During the physical 
examination, weight, height and blood pressure were measured. Body 
Mass Index (BMI) was calculated as weight (kg) divided by the square of 
height (m2). Systolic and diastolic blood pressures were measured on two 
occasions in supine position on the right arm every minute for 10 minutes, 
with an automatic Dinamap XL model 9300 series monitor (Johnson-
Johnson Medical Inc., Tampa, FL, USA). Blood pressure was calculated as 
the mean of the last two measurements at both occasions. Mean arterial 
pressure (MAP) is assessed as one third of the systolic blood pressure and 
two thirds of the diastolic blood pressure. Additionally, fasting blood 
was drawn for the determination of total cholesterol, glucose and serum 
creatinine levels. Furthermore, for the measurement of albuminuria two 
24-hour urine samples were collected after thorough oral and written 
instructions on how to perform urine collection.

Plasma total cholesterol, plasma glucose and serum creatinine 
were determined by Kodak Ectachem dry chemistry (Eastman Kodak, 
Rochester, NY, USA), an automatic enzymatic method. Serum creatinine 
was measured by photometric determination with the Jaffe method without 
deproteinization (Merck KgaA, Darmstadt, Germany). Glomerular 
filtration rate (eGFR) was estimated using the Modification of Diet in 
Renal Disease (MDRD) formula. Urine albumin concentration (UAC) 
was determined by nephelometry (Dade Behring Diagnostic, Marburg, 
Germany). Albuminuria is given as the mean urinary albumin excretion 
in the two 24-hour urine collections (UAE in mg/day).

Information on drug use

Data on drug use was obtained from the IADB database, which comprises 
pharmacy-dispensing data of community pharmacists located in the 
Northern and Eastern part of the Netherlands24. These pharmacies provide 
the IADB database a complete listing of patient-specific dispensed drugs25. 
The pharmacy data contain information about patient-specific drugs 
dispensed; e.g. the name of a drug, the ATC (Anatomical Therapeutical 
Chemical) classification, the date of prescription, the number of days for 
which a drug was prescribed, and the number of dispensed defined daily 
doses (DDD). DDDs for blood pressure lowering drugs have been defined 
by the WHO with units representing dosages with approximately similar 
efficacy. For instance, enalapril 20 mg od has been defined in 1 DDD, as 
is amlodipine 10 mg od and metoprolol SR 100 mg od26. Correcting for 
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dispensed DDD in regression analysis allows among others for comparison 
of efficacy between drugs within a class and between classes.

Blood pressure lowering drug use was defined as at least one prescription 
of antihypertensives (ATC = ‘C02’), diuretics (ATC = ‘C03’), beta-blockers 
(ATC = ‘C07’), calcium-channel blockers (ATC = ‘C08’) or ACE inhibitors/
Angiotensin-II receptor blockers (ATC = ‘C09’). Information on drug use 
was available from at least half a year before the baseline screening until 
date of death or end of follow-up. 

PREVEND cohort
(n = 8592)

Pharmacy data available
(n = 8296)

BP ≥140 or ≥90 mm
Hg without CV history (n = 1770)

Blood pressure lowering drug use
before baseline screening?

BPLDs
(n = 585)

No BPLDs
(n = 1185)

Blood pressure lowering 
drugs a�er baseline 

screening?

Non-users
(n = 420)

Starters
(n = 765)

Figure 1  Study-population selection. Abbreviations are: BP, blood pressure; CV, cardiovascular 
disease; BPLD, blood pressure lowering drugs. 
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Outcome definitions

The primary outcome variable “cardiovascular events” was defined 
as a composite endpoint consisting of the incidence of cardiovascular 
morbidity or mortality during follow-up. Follow-up time was defined as 
the period from the date of urine collection of the participant to the date of 
first cardiovascular event, last contact (census) date or December 31st 2005. 
In case a person had moved to an unknown destination, the date on which 
the person was removed from the municipal registry was used as census 
date. Data on cardiovascular morbidity was obtained from PRISMANT, 
the Dutch national registry of hospital discharge diagnoses27. Causes 
of death were obtained from the Dutch Central Bureau of Statistics28. 
All data were coded according to the International Classification of 
Diseases (ICD), 9th revision and the classification of interventions. For 
this study cardiovascular events were defined according the Major 
Adverse Cardiovascular Events (MACE) criteria as acute myocardial 
infarction (ICD-code 410), acute and sub acute ischemic heart disease 
(ICD-code 411), subarachnoid haemorrhage (ICD-code 430), intracerebral 
haemorrhage (ICD-code 431), other intracranial haemorrhage (ICD-code 
432), occlusion or stenosis of the precerebral (ICD-code 433) or cerebral 
arteries (ICD-code 434), coronary artery bypass grafting or percutaneous 
transluminal angioplasty, and other vascular interventions as percutaneous 
transluminal angioplasty or bypass grafting of aorta peripheral vessels.  

Statistical analyses

Baseline characteristics are reported as mean and standard deviation 
for continuous variables and as a percentage for categorical variables. 
Differences in characteristics between starters on blood pressure lowering 
drugs and non-users were tested for continuous variables by Student’s 
t-test, for categorical variables by a chi-square test, and for variables with 
skewed distribution by a Mann-Whitney test. 

In our observational analysis, we compared the effect of starting 
blood pressure lowering drugs versus no use concerning the incidence 
of the composite endpoint of cardiovascular morbidity and mortality. A 
crude relative risk was calculated for subjects that started blood pressure 
lowering drugs during follow-up for the incidence of the composite 
endpoint using a univariate Cox regression model and with subjects not 
using blood pressure lowering drugs as reference category. Multivariate 
Cox regression models were built to estimate a relative risk adjusted for 
baseline characteristics (age, sex, BMI, smoking, MAP, cholesterol, glucose, 
serum creatinine, eGFR, albuminuria, start of lipid lowering drugs and 



Health-Economic Outcomes for Albuminuria Screening in Real-Life Settings

129

start of blood glucose lowering drugs). Furthermore, propensity scores 
were applied in the regression models (next to other covariates) to account 
for differences in characteristics between the index group (“starters”) 
and the reference group (“non-users”)29,30. The propensity score for 
an individual can be used to reduce bias by indication in observational 
studies by means of weighing covariates associated with start of drugs. In 
our analyses, the estimated propensity score for blood pressure lowering 
drug use was obtained from the fit of a logistic regression model including 
the following variables: age, sex, BMI, smoking, MAP, cholesterol, glucose, 
serum creatinine, eGFR, albuminuria, start of lipid lowering drugs and 
start of blood glucose lowering drugs. 

This study aims at investigating the effect of blood pressure lowering 
drugs in preventing cardiovascular events in relation to baseline 
albuminuria level. Cox proportional hazards regression analysis was 
used to assess such a possible interaction, crude as well as adjusted for 
covariates. For this purpose an interaction term was included “start of 
blood pressure lowering agent” times “albuminuria level”. In case the 
interaction term contributed significantly to the model, it was decided 
that the efficacy of blood pressure lowering agents depends on baseline 
albuminuria and further analyses were to follow. In the first analysis, the 
threshold defining elevated albuminuria was set at an urinary albumin 
excretion level of 15 mg/day, consistent with previous work22. An additional 
analysis was performed in subjects with albuminuria ≥30 mg/day. Further 
analyses were conducted investigating first the effect of the level of drug 
exposure, and second, the efficacy of ACE inhibitors/angiotensin-II 
receptor blockers (ACEi/ARB) versus non-ACEi/ARB agents in preventing 
cardiovascular events. For the analysis with respect to blood pressure 
lowering drug exposure, patient-specific total number of prescribed DDD 
were calculated and divided by total days of study follow-up from date 
of first screening until the date of a first event, or until the census date, 
or until 31st December 2005. Exposure is expressed as average number of 
DDD per day (DDD/day).  

All analyses were conducted using the statistical package SPSS 
14.0 (SPSS, Chicago, IL). A P-value <0.05 (two-tailed) was considered 
statistically significant.
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Table 1 Baseline characteristics
UAE <15mg/d (N = 611) UAE ≥15mg/d (N = 574)

Non-user 
(n=291)

Starter 
(n=320)

P-value Non-user 
(n=129)

Starter 
(n=445)

P-value

Age (year, (SD)) 52.9 (12.5) 56.0 (11.3) 0.001* 55.4 (12.4) 58.6 (10.7) < 0.01*

Gender (male, %) 56.0 54.7 0.74† 72.1 62.9 0.06†

BMI (Kg/m2, (SD)) 27.1 (3.9) 27.1 (3.8) 0.93* 28.4 (4.9) 28.5 (4.4) 0.88*

Smoking (%) 34.7 38.4 0.34† 42.6 42.9 0.95†

DBP (mmHg, (SD)) 80.6 (7.5) 83.7 (7.3) <0.001* 82.4 (7.4) 86.9 (9.4) <0.001*

SBP (mmHg, (SD)) 148.1 (8.3) 154.0 (13.1) <0.001* 151.2 (10.3) 159.5 (15.9) <0.001*

MAP (mmHg, (SD)) 103.1 (6.5) 107.2 (7.4) <0.001* 105.3 (7.1) 111.1 (10.0) <0.001*

Plasma cholesterol 
(mmol/l, (SD))

6.0 (1.3) 5.9 (1.3) 0.40* 5.8 (1.3) 6.0 (1.3) 0.28*

Plasma glucose 
(µmol/l, (SD))

4.9 (1.0) 5.0 (1.0) < 0.05* 5.5 (1.9) 5.5 (1.9) 0.68*

Serum creatinine 
(µmol/l, (SD))

83.3 (15.2) 83.6 (16.3) 0.77* 86.6 (18.8) 86.9 (18.7) 0.84*

eGFR (ml/
min/1.73m2, (SD))

80.6 (14.4) 78.7 (14.3) 0.10* 80.3 (14.1) 77.3 (14.7) <0.05*

Albuminuria (mg/
day, (95%CI))

8.5 (3.1-
14.8)

8.9 (0-15.0) 0.07‡ 30.7 (15.0-
763.9)

35.5 (15.1-
2688.9)

0.06‡

Start of lipid 
lowering drugs (%)

11.3 35.0 <0.001† 20.9 48.3 <0.001†

Start of blood glucose 
lowering drugs (%)

3.1 10.0 <0.001† 6.2 17.1 <0.05†

Continuous variables are presented as mean and standard deviation (SD) and categorical variables 
as percentage. Urinary albumin excretion is given as geometric mean and 95% CI. BMI, Body 
Mass Index; DBP, diastolic blood pressure; SBP, Systolic blood pressure; MAP, Mean arterial blood 
pressure; eGFR, estimated glomerular filtration rate. *t-test. † χ2 test. ‡Mann-Whitney test.

Results

Baseline characteristics

Of the PREVEND cohort consisting of 8,592 subjects, complete pharmacy 
data was available for 8,296 participants (Figure 1). Subjects with normal 
blood pressure (<140/90 mmHg) and with a cardiovascular disease history 
were excluded (n = 6,526). Out of the 1,770 subjects with elevated blood 
pressure, 585 participants received at least one prescription of a blood pressure 
lowering drug during the half year period before the baseline screening and 
were therefore excluded. Of the remaining 1,185 subjects followed in this 
observational study, 765 participants started and 420 participants did not 
start using blood pressure lowering drugs during follow-up (Figure 1).
The baseline characteristics of these latter two groups are reported in Table 1. 
For this table subjects were divided in different groups based on albuminuria 
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level (Urinary Albumin Excretion; UAE) and whether or not they started use 
of blood pressure lowering drugs after the baseline screening. Those who 
started use of blood pressure lowering drugs had significantly higher age 
and blood pressure, and more frequently started use of lipid lowering and 
blood glucose lowering drugs as compared to the “non-user” group, both in 
the normal (UAE <15 mg/d) and the elevated (UAE ≥15 mg/d) albuminuria 
groups. Furthermore, in subjects with normal albuminuria the “starter” 
group had significantly higher glucose levels and in subjects with elevated 
albuminuria “starters” had a lower eGFR. 

Follow-up data

Total follow-up for this observational study until occurrence of a cardiovascular 
disease event, census date or until the end of the study period amounted 8,378 
person years, with a mean follow-up of 7.1 years (SD: 1.6) per subject included. 
Table 2 shows the number of (first) cardiovascular events that occurred 
during follow-up, both with respect to the composite endpoint, as well as 
the individual components. As the current study was designed as a ‘time-
to-first-event’ study, only first events are shown. The composite endpoint of 
cardiovascular morbidity and mortality occurred in 122 (11.2%) subjects, with 
42 (6.9%) in the normal albuminuria group (n = 611) and 80 (13.9%) in the 
elevated albuminuria group (n = 574). These data show that participants with 
elevated albuminuria have a higher risk to reach the composite endpoint as 
compared to subjects without elevated albuminuria, with a crude relative risk 
(RR) of 2.03 (95% Confidence Interval (CI): 1.42-2.90). 

Table 2  Incidence of the composite cardiovascular end-point, and individual components in 
all subjects, stratified according to albuminuria class. Since analyses are time-to-first 
event based, for participants included only first events during follow-up are presented.

All subjects
(n = 1185)

UAE <15 mg/d
(n = 611)

UAE ≥15 mg/d
(n = 574)

Composite endpoint (%) 122 (11.2) 42 (6.9) 80 (13.9)
Individual components:
 Cardiovascular death 3 1 2
  Non-fatal events
  - Cardiac* 78 29 49
  - Cerebrovascular† 31 11 20
  - Peripheral disease‡ 10 1 9
*Cardiac disease events: Myocardial infarction, Ischemic Heart Disease, Coronary Artery 
Bypass Grafting, Percutaneous Transluminal Coronary Angioplasty; †Cerebrovascular 
disease events: Subarachnoid haemorrhage, Intracerebral Haemorrhage, Occlusion and 
Stenosis of Precerebral Arteries, Occlusion of Cerebral Arteries, ‡Peripheral vascular disease 
events: Aorta Peripheral Bypass Surgery, Percutaneous Transluminal Femoral Angioplasty
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Figure 2  Absolute risk for the incidence of the combined endpoint of cardiovascular 
morbidity and cardiovascular death for subjects that started (“starters”) and did not 
start (“non-users”) treatment with blood pressure lowering drugs during follow-
up. Abbreviations are: UAE, urinary albumin excretion. N indicates the number of 
subjects in each group. Unadjusted p-values* calculated using a chi-square test.* calculated using a chi-square test.*

Notes: *P*P* -values representing the significance level after follow-up correction are P = 0.47, P = 0.47, P
P = 0.66, P = 0.66, P P < 0.05, and P < 0.05, and P P < 0.05, for All subjects, and those subjects with UAE < 15 mg/day, P < 0.05, for All subjects, and those subjects with UAE < 15 mg/day, P
UAE ≥ 15 mg/day and UAE ≥ 30 respectively.

Figure 2 shows the results on the difference in absolute risk for the composite 
endpoint for “starters” on versus “non-users” of blood pressure lowering 
drugs. In the overall population, start of blood pressure lowering drugs 
was associated with a difference in absolute risk for cardiovascular events 
of 0.7% versus no use, which was not statistically significant (P = 0.80). P = 0.80). P
For the subgroup of subjects with normo-albuminuria, comparable results 
were found with a difference in absolute risk of 0.6% (P = 0.87). In contrast, P = 0.87). In contrast, P
the higher baseline albuminuria, the more pronounced the absolute risk 
reduction for the composite endpoint in “starters” versus “non-users” of 
blood pressure lowering drugs. In the subgroup of subjects with albuminuria 
≥15 mg/d the absolute risk amounted 18.6% (“non-users”) versus 12.6% 
(“starters”), with a difference in absolute risk of 6.0% (P = 0. 11), whereas 
in the subgroup of subjects with albuminuria ≥30 mg/d these figures were 
24.6% and 12.0%, respectively (absolute difference 12.6%, P < 0.05). P < 0.05). P

Table 3 shows the unadjusted and adjusted Hazard ratios (HRs) for the 
composite cardiovascular endpoint of subjects that started use of blood 
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pressure lowering drugs during follow-up with subjects that did not use 
such drugs as reference category. For the overall population a statistically 
non-significant difference in the composite endpoint was found for 
subjects starting on blood pressure lowering drugs as compared to non-
users (HR = 0.87; 95% CI: 0.61-1.26). 

After adjustment for baseline characteristics, this difference in risk 
increased and was statistically significant (HR = 0.54; 95% CI: 0.36-0.83, P
< 0.01). Further adjustment with also propensity score did not change this 
notion (HR: 0.52; 95% CI: 0.34-0.80, P < 0.01). P < 0.01). P

Table 2 Effect of start of blood pressure-lowering drugs

N Endpoint
(%)* 

Crude HR 
(95%CI) †

Adjusted HR 
(95%CI) ‡

Adjusted HR 
(95%CI) §

All subjects 
 Non-users 420 45 (10.7) 1.00 1.00 1.00
 Starters 765 77 (10.1) 0.87 (0.61-1.26) 0.54 (0.36-0.83) 0.52 (0.34-0.80)
UAE <15 mg/d
 Non-users 291 21 (7.2) 1.00 1.00 1.00
 Starters 320 21 (6.6) 0.87 (0.48-1.60) 0.55 (0.28-1.10) 0.56 (0.28-1.12)
UAE ≥15 mg/d
 Non-users 129 24 (18.6) 1.00 1.00 1.00
 Starters 445 56 (12.6) 0.58 (0.36-0.94) 0.44 (0.26-0.75) 0.42 (0.24-0.72)
UAE ≥30 mg/d
 Non-users 65 16 (24.6) 1.00 1.00 1.00
 Starters 258 31 (12.0) 0.37 (0.20-0.68) 0.33 (0.16-0.69) 0.31 (0.15-0.65)
Starters only
 Low exposure 
 <0.75 DDD/day

453 48 (10.6) 1.00 1.00 1.00

 High exposure 
 ≥0.75 DDD/day

312 29 (9.3) 0.87 (0.55-1.37) 0.72 (0.42-1.23)|| 0.70 (0.40-1.20)||

Starters only
 Non-ACEi/ARB
 only

219 29 (13.2) 1.00 1.00 1.00

 ACEi/ARB only 155 13 (8.3) 0.63 (0.33-1.22) 0.51 (0.25-1.01)# 0.51 (0.26-1.03)#

*Number of persons and percentage with the composite endpoint (cardiovascular morbidity 
or mortality), †Crude relative risk without any adjustment for baseline characteristics, 
‡Adjusted for age, sex, body mass index (BMI), smoking, mean arterial pressure (MAP), 
cholesterol, glucose, serum creatinine, estimated glomerular filtration rate (e-GFR), urinary 
albumin excretion (UAE), start of lipid lowering drugs and start of blood glucose lowering 
drugs; §Adjusted for all previously mentioned variables including propensity scores; 
|| Additional adjustment for exposure to type of blood pressure lowering drug (categorized 
variable: non-ACEi/ARB only, ACEi/ARB only or both types); #Additional adjustement level of 
exposure to blood pressure lowering drugs (average number of DDD per day). 
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A possible interaction between blood pressure lowering drug use and 
albuminuria on cardiovascular outcome was tested in the overall crude, 
as well as adjusted Cox proportional hazards models. The “start of blood 
pressure lowering agent” times “albuminuria level” interaction term was 
significantly associated with outcome in all models (P < 0.05); indicating P < 0.05); indicating P
that the benefit of blood pressure lowering drugs was greater in subjects 
with higher albuminuria levels. 

Cox proportional hazards regression analyses based on subgroups 
confirmed that the relative risk for cardiovascular events with blood 
pressure lowering drug use depends on baseline albuminuria level with 
unadjusted HRs for all subjects being 0.87 (95% CI: 0.61-1.26, P = NS), for 
subjects with UAE <15 mg/d 0.87 (95% CI: 0.48-1.60, P = NS), for subjects P = NS), for subjects P
with UAE ≥15 mg/d 0.58 (95% CI: 0.36-0.94, P < 0.05), and for subjects 
with UAE ≥30 mg/d 0.37 (95% CI: 0.20-0.68, P < 0.05). Table 3 shows that P < 0.05). Table 3 shows that P
the results are essentially similar after adjustment for age, sex, baseline 
characteristics, start of lipid lowering and blood glucose lowering agents 
and propensity scores. These results are graphically depicted in figure 3. 

Table 4 provides data on only subjects starting blood pressure lowering 
drugs during follow-up. It shows that subjects with higher baseline 
albuminuria have higher exposure to blood pressure lowering drugs. The 
role of exposure to blood pressure lowering drugs was investigated, showing 
that high exposure (average number of DDD/day ≥0.75) was associated 
with lower chance to reach the composite endpoint as compared to low 
exposure (average number of DDD/day <0.75) (Table 3). Since this may 
influence the results obtained, the relative risks to reach the composite 
endpoint denoted in table 3 are in the final model also adjusted for level of 
exposure to blood pressure lowering drugs.

The question whether agents that interfere with the renin-angiotensin 
system (ACEi/ARB) differ from other blood pressure lowering drugs in 
their efficacy to prevent cardiovascular events is also addressed in table 
3. It shows that subjects that used only ACEi/ARB treatment had a HR 
of 0.63 to reach the composite endpoint compared to subjects receiving 
non-ACEi/ARB treatment only. Whereas this difference is not statistically 
significant in the crude analysis, there is trend towards statistical 
significance after adjustment for baseline characteristics, propensity score 
and level of exposure (P = 0.06). As found for the whole group of blood P = 0.06). As found for the whole group of blood P
pressuring lowering drugs, the effect of ACEi/ARB treatment turned out 
to be significantly dependent on baseline albuminuria (P < 0.05 for the P < 0.05 for the P
interaction term “start of ACEi/ARB” times “albuminuria level”). Such an 
association was not found for non-ACEi/ARB treatment.
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Figure 3  Hazard rates for the composite endpoint of cardiovascular morbidity and cardio vascular 
mortality of for subjects that started use of blood pressure lowering drugs versus subjects 
that did not start use of such agents. Abbreviations are: UAE, urinary albumin excretion. 
On the left unadjusted hazard rates. In the middle adjusted hazard rates with adjustment 
for age, sex, body mass index (BMI), smoking, mean arterial pressure (MAP), cholesterol, 
glucose, serum creatinine, estimated glomerular filtration rate (eGFR), urinary albumin 
excretion (UAE), start of lipid lowering drugs and blood glucose lowering drugs. 
On the right adjusted hazard rates with adjustment for all previously mentioned 
variables including propensity scores. P-values calculated using a chi-square test.

Table 2 Exposure to blood pressure-lowering drugs (at least one prescription*)

All subjects
(N = 765)

UAE < 15 mg/d
(N = 320)

UAE ≥ 15 mg/d
(N = 445)

All BPLDs
<0.75 DDD/day 453 (59.2%) 230 (71.9%) 223 (50.1%)
≥0.75 DDD/day 312 (40.8%) 90 (28.1%) 222 (49.9%)

Non-ACEi/ARB only
<0.75 DDD/day 174 (79.5%) 100 (87.0%) 74 (71.2%)
≥0.75 DDD/day 45 (20.5%) 15 (13.0%) 30 (28.8%)

ACEi/ARB only
<0.75 DDD/day 119 (76.8%) 48 (92.3%) 71 (68.9%)
≥0.75 DDD/day 36 (23.2%) 4 (7.7%) 32 (30.1%)

*Subjects included can have received different blood pressure lowering drugs during follow-up. 
Abbreviations are: BPLD, blood pressure lowering drugs; DDD/day, defined daily dose per day; 
ACEi, ACE inhibitor; ARB, angiotensin receptor blocker UAE, urinary albumin excretion.
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Discussion

Next to the finding that blood pressure lowering agents are effective in 
ameliorating the cardiovascular outcome, our observational data show that 
in hypertensive subjects without a cardiovascular disease history the risk 
to reach a cardiovascular event during follow-up is dependent on baseline 
albuminuria. The higher baseline albuminuria in such subjects, the higher 
the risk for cardiovascular disease. As expected, start of treatment with blood 
pressure lowering drugs is associated with a decrease in cardiovascular risk, 
with absolute risk reduction being superior in subjects with higher baseline 
albuminuria and corresponding number needed to treat (NNT) to prevent 
one cardiovascular event of 154, 17 and 8 for all subjects, and those subjects 
with UAE ≥ 15 mg/day and UAE ≥ 30 mg/day, respectively. More interesting 
however, is our finding that the relative risk reduction for cardiovascular 
events with blood pressure lowering agents is also dependent on baseline 
albuminuria. The higher baseline albuminuria, the better the relative risk 
reduction. Furthermore, we found that the cardiovascular protective effect 
of ACEi/ARBs in subjects with higher albuminuria is better than that of 
other blood pressure lowering agents. 

How do these data compare to literature? Several epidemiologic 
studies have shown that albuminuria is a valuable risk marker for 
cardiovascular disease in various patient populations, such as diabetics 
and antihypertensives, but even in the general population14-20. Numerous 
randomised controlled trials have shown that blood pressure lowering agents 
improve cardiovascular outcome31,32. Little is known however, on a possible 
interaction between albuminuria and the cardioprotective efficacy of blood 
pressure lowering agents. As discussed in the introduction section the 
PREVEND-IT study suggested that active treatment versus placebo resulted 
in more absolute and relative cardiovascular risk reduction when compared 
to placebo in subjects with higher pre-treatment albuminuria22. Subgroup 
analysis of the HOPE Study provided similar results33. This study included 
subjects at high cardiovascular risk, and randomized them to placebo or 
the ACE inhibitor ramipril. The relative risk reduction obtained with the 
ACE inhibitor was greater in subjects that were microalbuminuria positive 
when compared to subjects that were microalbuminuria negative. However, 
in both the PREVEND IT study and the HOPE trial it concerned post-hoc 
analyses and their observations were not formally tested. This was reason 
for us to perform the present analyses with a predefined question. Since, 
another study has been published that relates to these findings. The PEACE 
trial found that the ACE inhibitor trandolapril did not improve survival in 
the overall study population of patients with stable coronary artery disease 
and preserved systolic function34. However, in the subgroup of patients 
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with reduced renal function the use of trandolapril was associated with a 
significant reduction in total mortality, as well as in cardiovascular outcome. 
It thus appears that, besides higher albuminuria, also another marker of 
chronic kidney damage, being lower renal function, shows an interaction 
with the use of blood pressure lowering agents on outcome.

All three aforementioned controlled trials (PREVEND-IT, HOPE, 
PEACE) concerned studies that randomized patients to placebo or an ACE 
inhibitor. Thus, it can not be ascertained whether the interaction between 
treatment effect and albuminuria is specific for ACE inhibitors, or is just 
the result of blood pressure lowering of these drugs per se. In this respect 
our findings are of interest that suggest that indeed ACEi/ARBs are superior 
to non-ACEi/ARBs to improve cardiovascular outcome in subjects with 
higher levels of albuminuria. A similar suggestion was done by Reddan et 
al, who found in subjects with an acute coronary syndrome an interaction 
between the effect of ACE inhibitors and glomerular filtration rate on 90 
day mortality rate35. The lower renal function, the more protective ACE 
inhibition. In their analysis such an interaction was not found for other 
blood pressure lowering drugs.

What might be the mechanism of our findings? Albuminuria has 
been shown to be closely correlated with endothelial damage due to 
atherosclerosis36,37. In subjects with higher levels of albuminuria it is to be 
expected that a medical intervention that inhibits the progressive process 
of atherosclerosis, such as blood pressure lowering, will effectively prevent 
cardiovascular events. In contrast, subjects with low levels of albuminuria 
supposedly have little atherosclerosis. It might well be that in these latter 
subjects cardiovascular events are predominantly atherothrombosis 
related. It is less expected that the incidence of such events can be 
ameliorated by blood pressure lowering. Unfortunately, our data set does 
not allow an in-depth analysis of this hypothesis, since it does not contain 
information on the pathophysiological origin of the cardiovascular events 
that were registered during follow-up.

Our present study, together with the supporting data from literature, 
may have important consequences. They suggest that in a subject 
without elevated levels of albuminuria on average the absolute risk for 
a cardiovascular event is relatively low, and that prescription of blood 
pressure lowering drugs will hardly affect this absolute risk. In contrast, in 
hypertensive subjects with elevated levels of albuminuria the absolute risk 
for a cardiovascular event is high. Furthermore, it is to be expected that 
in such patients the prescription of blood pressure lowering agents, and 
especially ACEi/ARB, will result in significant relative, as well as absolute 
risk reduction.  
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A limitation of this study can be found in its design. In contrast to 
randomized clinical trials (RCTs) observational studies are not the standard 
method to assess efficacy of medical intervention. Bias by indication and 
residual (unknown) confounding may play a role in observational studies. 
However, at the moment there are no RCTs that are designed to prospectively 
investigate the interaction between albuminuria levels and efficacy of 
blood pressure lowering drugs. Furthermore, most RCTs have rigid in- and 
exclusion criteria, that result in patient populations that are sometimes 
difficult to compare with broader groups of patients in real life. Therefore, 
results from clinical trial settings and a “real-world” observational setting as 
in this study are of clinical relevance and should be regarded as additive to 
obtain a full picture of the effectiveness of blood pressure lowering drugs38. 
To minimise the potential role of bias by indication a score was calculate 
for the propensity to be prescribed blood pressure lowering medication. 
Our models were adjusted for this propensity score, as recommended for 
observational studies investigating the efficacy of medical intervention29,30. 
Nonetheless, given its observational design, this study should be regarded 
as hypothesis-generating rather than as hypothesis-testing. Prospective 
randomized clinical trials, with a priori defined subgroup analyses according 
to UAE level and with tailored sample size are needed to verify our findings. 

The level of exposure to blood pressure lowering drugs is another 
theoretical limitation. We noticed that the higher the level of albuminuria, 
the greater the level of exposure to blood pressure lowering drugs. 
Theoretically this could explain the higher efficacy of blood pressure 
lowering drugs to prevent cardiovascular events in subjects with elevated 
albuminuria. However, in case our analyses were limited to only subjects 
with high exposure, it was again shown that efficacy of blood pressure was 
dependent on albuminuria before start of treatment with adjusted HRs of 
0.46 and 0.27 (both P < 0.01) for UAE ≥15 mg/day and UAE ≥30 mg/day, 
respectively. Furthermore, in subgroup analyses was not only adjusted for 
baseline characteristics and propensity score, but also for level of exposure. 
We therefore think that our findings are robust. 

In conclusion, our study indicates that the efficacy of blood pressure 
lowering agents to prevent cardiovascular events is dependent of the 
level of albuminuria before start of such treatment. The higher baseline 
albuminuria, the better the relative and absolute risk reduction for 
cardiovascular events with these drugs. These data suggest also that the 
cardiovascular protective effect of ACEi/ARBs in subjects with higher 
albuminuria is better than that of other blood pressure lowering agents. 
We caution that this is an observational study, and that these conclusions 
should therefore be regarded as hypothesis generating, rather than 
hypothesis testing.
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