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Chapter 1 

Introduction 

Cardiovascular disease is a global health concern, accounting for 4 million deaths 

in Europe each year.
1
 It is usually characterized by systemic atherosclerosis, which 

is a process that involves endothelial plaque formation eventually resulting in 

micro- and macro-vascular complications.
2
 In order to slow down this process and 

to prevent occurrence of fatal or non-fatal cardiovascular complications, many 

patients require treatment with one or more drugs. In the past 20 years, several 

treatments have been proven effective in reducing cardiovascular events and this 

has resulted in a steady decrease in the incidence of cardiovascular disease.
3
 

However, with an increasing prevalence of obesity in both developed and 

developing countries, combined with high consumption of salt, alcohol, and fatty 

foods, a sedentary lifestyle, and ongoing smoking habits, it is questionable whether 

the achievements in reducing cardiovascular morbidity and mortality can be 

sustained on the long term. Given these considerations, it is likely that 

cardiovascular disease will remain a leading cause of death around the world. New 

innovative treatment strategies are highly recommended to mitigate the burden of 

this disease and thus an important contribution is expected from the 

pharmaceutical enterprise. 

The safety and efficacy profile of any new drug must be well characterized 

before marketing authorization can be granted. To demonstrate drug efficacy and 

safety, complex hard outcome trials of long duration, requiring large human and 

financial resources, are required. To obtain an impression of the drug’s efficacy 

and to justify conduction of a hard outcome trial in later stages of drug 

development, the effect of a drug on a biomarker is often assessed. A biomarker is 

a characteristic that serves as an indicator of a physiological or pathophysiological 

process, or as a response to treatment which affects such a process. Risk factors 

can be considered as biomarkers, however risk factors form a distinguished group 

because they have a direct causal relationship with cardiovascular disease itself.
4
 

Throughout this thesis, the term biomarker is used, without making a distinction 

whether direct causality with disease is considered. When a drug shows a 

substantial effect on the biomarker it is developed for (i.e. blood pressure for an 
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antihypertensive drug or cholesterol for a lipid modifying drug), one expects that 

the drug delivers cardiovascular protection, and in case of blood pressure or 

cholesterol, this is sufficient to obtain marketing authorization for widespread 

clinical application. To verify that the drug is indeed delivering what it is intended to 

do, hard outcome trials are conducted post-registration. This has been the 

paradigm during the last decades in cardiovascular drug development.
5,6

 

 Although this drug development strategy has resulted in many promising 

and clinically interesting drugs targeting cardiovascular risk factors, recent trials 

have shown that the drug does not always confer the intended cardiovascular 

protection, with some cases drawing media attention. One example is sibutramine, 

which was launched in 1999 because of its proven weight lowering capacities in 

the absence of remarkable side effects. However, a few years after registration, 

excessive cases of hypertension and tachycardia were reported in association with 

use of sibutramine. Therefore, in 2010, European authorities decided to suspend 

marketing authorization.
7
 Another example is rosiglitazone. This drug received 

marketing authorization in 2000 based on its HbA1c lowering effect, which was 

expected to improve prognosis in patients with type 2 diabetes. However, after its 

introduction to the market, meta-analyses revealed increased risk of myocardial 

infarction and heart failure associated with use of rosiglitazone, despite its 

consistent HbA1c lowering effect. This could be attributed to renal tubular sodium 

retention leading to excessive extracellular fluid retention and weight gain, which 

fueled discussions about the safety of rosiglitazone. Eventually, marketing 

authorization of rosiglitazone was suspended in 2010.
8,9

 Yet another example is 

torcetrapib. This cholesteryl ester transfer protein inhibitor, high density lipoprotein 

cholesterol (HDL-C) raising drug, was also prematurely terminated, because a hard 

outcome trial showed increased rates of cardiovascular events among individuals 

treated with torcetrapib. Additional investigations revealed that the increased 

cardiovascular event rate was attributable to a rise in blood pressure as a 

consequence of increased mineralocorticoid activity, which counteracted the 

beneficial effect of the drug on HDL-C.
10-12 

A more recent example is another 

cholesteryl ester transfer protein inhibitor dalcetrapib. This drug was intended to 

improve outcomes in patient with acute coronary syndrome by raising HDL 
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cholesterol. Despite increases in HDL cholesterol in participants assigned to 

dalcetrapib during the trial, no significant reductions in cardiovascular risk 

compared to placebo could be reported. The lack of cardiovascular protection with 

dalcetrapib could possibly be explained by increases in C-reactive protein en 

systolic blood pressure, which have probably counteracted the beneficial effects of 

raised HDL cholesterol.
13

 

These examples teach us that the development and targeting of a drug to 

a single biomarker may lead to serious misinterpretations of the actual long-term 

treatment effect on cardiovascular morbidity and mortality, with major 

consequences for the pharmaceutical industry, society, and individual patients. 

These unexpected findings can possibly be explained by the fact that a drug may 

affect other parameters than the biomarker of interest alone. In the current drug 

development process, these so-called off-target effects are considered as side 

effects, which implies less rigorous measurement and reporting. Estimating the 

drug effect on cardiovascular morbidity or mortality by only taking the on-target 

drug effect into account may be problematic. Firstly, the off-target effects may also 

influence long-term cardiovascular protection as shown in Figure 1. Secondly, the 

response in the on-target and off-target parameters may be different within and 

between individuals. For example, angiotensin receptor blockers are registered for 

blood pressure lowering. However, these drugs also decrease albuminuria, which 

provide additional long-term cardiovascular protection,
14-16

 although the responses 

in blood pressure and albuminuria between individual patients may differ.
17,18

 In 

addition, these drugs also affect serum potassium and hemoglobin, which could 

offset the beneficial effects on blood pressure and urine albumin excretion.
19

 Thus, 

combining the drug effect on multiple biomarkers may be a more rational approach 

to estimate drug effects on hard outcomes. 

 

Scope of the thesis 

A more optimal use of biomarkers may improve the estimation of the long-term 

drug efficacy and safety, which has the possibility to decrease the high drug  
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Figure 1. Representation of on-target and off-target biomarkers determining true clinical outcome. In 

scenario A, the drug is assumed to affect the on-target biomarker alone, which completely explains the 

drug effect on true clinical outcome. In scenario B, the drug is assumed to affect off-target biomarkers 

as well, which also contribute to the ultimate drug effect on the true clinical outcome. 

 

 

attrition rates in late stages of drug development and could possibly even prevent 

market withdrawals of already registered drugs.
20

 The current thesis aims to 

develop novel methodologies to optimize the use of biomarkers during late phases 

of drug development. This in order to facilitate drug efficacy evaluation and to 

remove barriers for drug development. More optimal use of biomarkers during 

clinical trials can be achieved in at least two ways. Firstly, biomarkers allow for 

selection of patients in whom a beneficial treatment effect on hard clinical 

endpoints can be expected. Secondly, drug treatment is intended to change the 

exposure of the patient to a risk factor in order to slow down a pathophysiological 

process. For example, antihypertensive treatment is intended to reduce the 

exposure of the individual to the detrimental effects of high arterial pressure. In this 
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context, the short-term change in blood pressure, or in a biomarker more generally, 

can be used as indicators of the likelihood that long-term cardiovascular protection 

will be established.
21

 

In Chapter 2, we assessed whether renal biomarkers can be used for 

more accurate identification of individuals at elevated cardiovascular risk. The 

kidney is a highly perfused organ and changes in its function may reflect early 

vascular damage. To this end, we investigated the additive value of the renal risk 

factors urine albumin excretion and estimated glomerular filtration rate on top of the 

established cardiovascular risk factors in the general population. Results of this 

study may be of value in improving inclusion/exclusion criteria for clinical trials. In 

doing so, the drug development process can be more focused on patient groups 

who benefit most from protective therapy. Chapter 3 gives an overview of drug 

effects on a panel of biomarkers in patients with type 2 diabetes and evaluates 

whether changes in biomarkers induced by treatment translate into long-term 

protection. In Chapter 4, we investigated whether off-target effects of the 

angiotensin receptor blocker losartan on serum uric acid are associated with 

cardiovascular risk and whether these effects are valuable in guiding 

cardiovascular protective therapy. In Chapter 5, we aimed to construct a multiple 

parameter risk response score, composed of short-term changes in traditional and 

novel cardiovascular risk factors, in order to give an accurate estimation of the 

long-term treatment outcome. This analysis was performed in a post-hoc 

environment using data from already completed clinical trials. Therefore, in 

Chapter 6, we validated the parameter risk response score by predicting the long-

term treatment effect of the novel direct renin inhibitor aliskiren on top of 

conventional antihypertensive treatment in an on-going study of which the hard 

outcome result was not available at the time when we performed our estimations. 
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Abstract 

Background: Abnormal levels of both albuminuria and estimated glomerular 

filtration rate (eGFR) have been reported separately to be associated with 

cardiovascular risk. This study assessed the contribution of each separately in 

correctly identifying individuals at cardiovascular risk in the general population 

beyond traditional risk markers. 

Study design: Prospective community based cohort study  

Setting & participants: 8,507 individuals from the city of Groningen in the 

Netherlands followed for 10.5 years for cardiovascular morbidity and mortality. 

Predictor or factor: The contribution of albuminuria and eGFR separately on top 

of the traditional Framingham risk factors was assessed.  

Outcomes: The composite of first occurrence of myocardial infarction, stroke, 

ischemic heart disease, revascularization procedure, and all-cause mortality. 

Measurements: At the baseline visit, albuminuria was measured in 2 consecutive 

24-hour urine samples. eGFR was calculated using the serum creatinine-based 

CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) equation.  

Results: In multivariable Cox regression models, albuminuria but not eGFR was 

associated independently with the primary study outcome (hazard ratio 1.08 

[95%CI 1.04 – 1.12] per doubling of albuminuria). When added to the risk model 

consisting of Framingham risk factors, albuminuria significantly contributed in better 

risk stratification, shown by an increase in the net reclassification index of 7.2% 

(95% CI, 3.3 – 11.0%; P <0.001) and increase in relative incremental discrimination 

improvement of 3.0% (95% CI 0.9 – 5.1; P = 0.006). 

Limitations: The PREVEND cohort includes mainly individuals of European 

ancestry. Therefore, results should not be extrapolated to non-Caucasian 

ethnicities. 

Conclusion: In a general population cohort, albuminuria but not eGFR significantly 

adds to traditional cardiovascular risk factors in identifying individuals at risk for 

cardiovascular morbidity and all-cause mortality. 
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Introduction 

Traditional cardiovascular risk algorithms such as The Framingham risk score, 

relying on conventional cardiovascular risk markers including blood pressure, 

cholesterol level, diabetes, and smoking,
1
 have been widely adopted as a tool for 

global cardiovascular risk assessment.
2
 However, a substantial number of 

individuals have coronary heart disease without having any of the traditional 

cardiovascular risk factors.
3
 Thus, attempts have been made to improve the 

traditional risk models by investigating the additive value of novel biomarkers. 

 Several studies have shown that estimated glomerular filtration rate 

(eGFR) and/or albuminuria are associated with cardiovascular risk in varying 

populations.
4-8

 However, few studies have tested whether these risk markers have 

significant additive value to a traditional risk score.
9,10

 These studies acknowledged 

the independent association between eGFR or albuminuria and cardiovascular risk, 

but they all used an already diseased high-cardiovascular-risk population, which 

may have biased the results. It may be that albuminuria predicts cardiovascular 

events while eGFR is still preserved, whereas the predictive value of eGFR is 

confined to individuals with reduced kidney function. Because traditional risk scores 

such as Framingham are based on cardiovascular risk assessment in general 

populations, the potential additive value of eGFR and albuminuria should also be 

tested in a general population cohort.  

We therefore assessed the value of incorporating the renal biomarkers 

albuminuria or eGFR in cardiovascular risk prediction on top of conventional 

cardiovascular risk factors in a general population cohort. 

 

Methods 

Study Design 

This study was conducted in individuals who participate in the Prevention of REnal 

and Vascular ENd-stage Disease (PREVEND) study, which started in 1997. The 

purpose of this large prospective cohort study was to investigate the natural course 

of increased levels of albuminuria and its relation to cardiovascular and kidney 



20 

Chapter 2 

disease. The PREVEND study protocol is described in full elsewhere
11

 and can be 

found at www.prevend.org. In brief, between 1997 and 1998, all inhabitants of city 

of Groningen, the Netherlands, aged 28-75 years (n = 85,421) were invited to 

answer a 1-page postal questionnaire regarding demographics, kidney and 

cardiovascular disease history, smoking habits, use of medication for hypertension, 

hyperlipidemia, or diabetes and received a vial to collect a first morning void urine 

sample. A total of 40,856 individuals (48%) responded and returned a vial to a 

central laboratory for measurement of urine albumin. Pregnant women (defined by 

self-report) and persons with type 1 diabetic (defined as requiring the use of 

insulin) were excluded. In order to ascertain a study population consisting of a 

sufficient number of individuals with microalbuminuria, all individuals with urine 

albumin excretion ≥ 10 mg/L were invited (n = 7,768) of whom 6,000 participated, 

and a random sample of those with urine albumin excretion <10mg/L (n = 3,395) of 

whom 2,592 participated. These 8,592 individuals constitute the actual PREVEND 

cohort and were studied in more detail. All participants gave written informed 

consent. The PREVEND study was approved by the local medical ethics 

committee and conducted in accordance with guidelines of the Declaration of 

Helsinki. 

 

Measurements and Definitions 

At the baseline visit, anthropometric measurements were performed and fasting 

blood samples were obtained. In addition, individuals collected urine for 2 

consecutive periods of 24 hours. Blood pressure was measured in the supine 

position every minute for 10 and 8 minutes, respectively, with an automatic device 

(Dinamap XL Model 9300; Johnson-Johnson Medical). Blood pressure is given as 

the mean of the last 2 recordings of both visits.  

 Total cholesterol and plasma glucose were measured using standard 

methods. Serum creatinine was measured by dry chemistry (Eastman Kodak, 

Rochester, New York), with intra-assay coefficient of variation of 0.9% and 

interassay coefficient of variation of 2.9%. Urine albumin concentration was 

measured by nephelometry with a threshold of 2.3 mg/L and intra- and interassay 

coefficients of variation of 2.2 and 2.6%, respectively (BNII; Dade Behring 
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Diagnostic). Urine albumin excretion is given as the mean of the two 24-hour urine 

collections. Participants were considered smokers if they had smoked in the 

previous year according to the questionnaire. cardiovascular history was defined as 

self-reported myocardial infarction, percutaneous transluminal coronary 

angioplasty, coronary artery bypass graft, or cerebrovascular accident. 

Hypertension was defined as systolic blood pressure of ≥140 mmHg or diastolic 

blood pressure ≥90 mmHg following the Seventh Report of the Joint National 

Committee on Prevention, Detection, Evaluation, and Treatment of High Blood 

Pressure criteria or use of antihypertensive medication according to self-report or 

pharmacy data. Hyperlipidemia was defined as cholesterol level >6.0 mmol/L when 

a history of hyperlipidemia was present or a cholesterol level >6.5 mmol/L when 

history of hyperlipidemia was absent or use of lipid-lowering drugs. Diabetes was 

defined as a fasting glucose level of >7.0 mmol/L, nonfasting glucose level >11.1 

mmol/L, or use of anti-diabetic medication. eGFR was estimated using the serum 

creatinine-based Chronic Kidney Disease EPIdemiology collaboration (CKD-EPI) 

equation.
12

 Body mass index was calculated as the ratio between weight and 

height squared. 

 

Composite Endpoint and Follow-Up 

The endpoint was the combined incidence of cardiovascular morbidity, defined as 

myocardial infarction, stroke, ischemic heart disease, and revascularization 

procedures, and all-cause mortality after the baseline screening. Data for mortality 

and cause of death were received from the Dutch Central Bureau for Statistics. 

Information for hospitalization for cardiovascular morbidity was obtained from 

PRISMANT (Utrecht, the Netherlands), the Dutch national registry of hospital 

discharge diagnoses. All data were coded according to the International 

Classification of Diseases, 10th revision and the classification of interventions. 

Survival time was defined as the period from the date of urine collection of 

the participant to the date of first cardiovascular event or January 1, 2009. 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 censoring date. 
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Data Analysis 

We performed univariable and multivariable Cox proportional hazard analyses to 

determine the association between renal biomarkers and the composite 

cardiovascular endpoint. We verified the proportional hazard assumption by testing 

the significance of the correlation coefficient between survival time and the scaled 

Schoenfeld residuals and found that the proportional hazard assumption was 

fulfilled. The association between renal risk markers and cardiovascular outcome 

was assessed unadjusted (model 1); age- and sex- adjusted (model 2); adjusted 

for the Framingham risk factors age, sex, systolic/diastolic blood pressure, 

cholesterol level, smoking, and diabetes (model 3), and adjusted for the 

Framingham risk factors and BMI, cardiovascular disease history, and 

antihypertensive and lipid- lowering medication (model 4). A logarithmic 

transformation for albuminuria was required to obtain the most optimal fit. The 

individual effect of the risk markers in the multivariable models was expressed by 

χ
2
 statistic.  

Determination of improved model performance of albuminuria was 

conducted by comparing Harrell’s C statistic, the relative integrated discrimination 

improvement (RIDI), and the net reclassification improvement (NRI) using logistic 

regression models. The RIDI measures the increase in separation between events 

and nonevents on a relative scale when an extra variable is added to a prediction 

model.
13

 The NRI is a measure of the amount of correct change in risk 

classification after adding a novel biomarker to a prediction model.
13

 The NRI was 

derived by using a modification of the method described by Cook
14

 without risk 

categories. NRIs were calculated as the sum of the proportion of individuals with 

adverse cardiovascular outcome whose risk score improved by adding albuminuria 

or eGFR and the proportion of individuals without adverse cardiovascular outcome 

whose risk score did not improve by adding albuminuria or eGFR. Confidence 

intervals and P values were determined by a standard bootstrap procedure. 

Because the PREVEND study is enriched for participants with higher albuminuria 

levels, sensitivity analysis was performed using weighed analyses, adjusting for the 

oversampling of high albuminuria. 
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Data were analyzed using STATA version 11 SE edition (STATA Statistical 

Software). Individuals with missing or invalid baseline albuminuria or eGFR values 

were excluded from further analyses. Descriptives are reported as mean ± 

standard deviation or median (25
th
-75

th
 percentile) as required. Risks of the 

composite cardiovascular endpoint are expressed as hazard ratios with 95% CIs. 

Two-sided P = 0.05 was considered statistically significant. 

 

Results 

The present analyses included 8,507 participants for whom data for albuminuria 

and eGFR were available. Table 1 lists the characteristics of these individuals. 

Median age was 48 years and half of the participants were men. As expected in a 

general population cohort, the included renal and cardiovascular risk markers were 

in the normal range according to clinically accepted cut-offs. Median albuminuria 

level was albumin excretion of 9.5 [25
th
-75

th
 percentile, 6.3 – 17.8] mg/24hr and 

mean eGFR was 83.9 ± 15.5 (SD) mL/min/1.73m². Albuminuria with albumin 

excretion >30 mg/24h was present in 15% of all participants and 6% had eGFR 

<60 mL/min/1.73m². We compared baseline characteristics of the total study 

population with the group of participants with missing albuminuria or eGFR values 

(n = 85) and found no significant differences with respect to age, sex, and 

cardiovascular risk profiles. 

 

Association Between Albuminuria and eGFR and Cardiovascular Outcome 

During a median follow-up of 10.5 years, 1,281 composite cardiovascular 

endpoints were recorded. Table 2 shows the association between albuminuria and 

Table 3 the association between eGFR and the composite cardiovascular 

endpoint. Albuminuria was associated with the composite cardiovascular endpoint 

in univariable and multivariable models. In contrast, eGFR was associated with the 

composite cardiovascular endpoint in only the univariable model. The association 

between eGFR and the composite cardiovascular endpoint diminished after 

adjustment for age and sex or Framingham risk factors. We checked for 

nonlinearity of eGFR and found no evidence of a non-linear relationship between 



 

 

 Table 1. Baseline characteristics of the PREVEND cohort according to baseline albuminuria and eGFR categories Note: Baseline characteristics differ across 
groups (P <0.001) for all variables except lipid-lowering medication use (P = 0.5). Values for continuous variables given as mean ± standard deviation or median 
(25th-75

th
percentile) ); values for categorical variables given as number (percentage). Conversion factors for units: cholesterol in mg/dL to mmol/L, 0.0259; 

glucose in mg/dL to mmol/L, 0.0555. 
Abbreviations: BP, blood pressure; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; UAE, urine albumin excretion.

 

eGFR ≥60 mL/min/1.73m
2 

 

 eGFR <60 mL/min/1.73m
2
 

Total UAE ≤30 mg/24h UAE >30 mg/24h  UAE ≤30 mg/24h UAE >30 mg/24h 

N 8507 6914 1081  321 191 

Age (y) 49 ± 13 47 ± 12 54 ± 12  65 ± 8 66 ± 8 

Male sex 4252 (50) 3322 (48) 691 (64)  113 (35) 126 (66) 

Systolic BP (mmHg) 129 ± 20 126 ± 18 142 ± 23  139 ± 21 153 ± 23 

Diastolic BP (mmHg) 74 ± 10 73 ± 9 80 ± 11  77 ± 9 82 ± 11 

Antihypertensive medication 1163 (14) 711 (10) 228 (21)  121 (38) 103 (54) 

Total cholesterol (mg/dL) 218 ± 44 215 ± 43 228 ± 45  235 ± 47 230 ± 43 

HDL cholesterol (mg/dL) 51 ± 15 52 ± 15 46 ± 15  52 ± 15 45 ± 14 

lipid lowering medication 340 (4) 194 (3) 75 (7)  39 (12) 32 (17) 

glucose (mg/dL) 85 (77-92) 85 (77-92) 90 (81-103)  88 (83-95) 90 (83-103) 

glucose lowering medication 112 (1) 61 (1) 40 (4)  3 (1) 8 (4) 

Body mass index (kg/m²) 26 ± 4 26 ± 4 28 ± 5  27 ± 4 28 ± 4 

Current smokers 3211 (38) 2636 (38) 451 (42)  78 (25) 46 (24) 

Former smokers 2769 (33) 2119 (31) 397 (37)  144 (45) 109 (57) 

history of CV disease 447 (5) 251 (4) 109 (11)  37 (12) 50 (26) 

UAE (mg/24h) 9,5 (6,3-17,9) 8 (6-12) 58 (39-106)  9 (6-14) 83 (52-274) 

UAE > 30 mg/24h 1272 (15)  

eGFR (mL/min/1,73m²) 84 ± 16 86 ± 13 82 ± 13  54 ± 6 49 ± 10 

eGFR <60 mL/min/1,73m² 
512 (6)  
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eGFR of 120-40 mL/min/1.73m
2
 and the composite cardiovascular endpoint. The 

hazard of the composite cardiovascular endpoint according to combined 

albuminuria and eGFR is illustrated in Figure 1 and Table 4. The hazard increased 

with increasing albuminuria regardless of eGFR level. No interaction between 

albuminuria and eGFR was documented (P = 0.1). In an additional analysis, we 

documented statistically significant independent associations between baseline 

albuminuria and the different components of the composite cardiovascular 

endpoint. Baseline eGFR was not associated with any of the components (Figure 

2). Table 5 shows the model improvement after the addition of albuminuria and 

eGFR on top of the Framingham risk model. Albuminuria significantly improved risk 

stratification beyond traditional risk factors. Harrell’s C statistic modestly but 

significantly increased from 0.829 (95% CI, 0.817-0.840) to 0.832 (95% CI, 0.821–

0.840). When albuminuria was added to the traditional prognostic model, the 

predicted risk increased in 47% of patients who experienced an event and 

decreased in 60% of patients who did not experience an event. Thus, 

measurement of albuminuria improved net reclassification by 7.2% (95% CI, 3.3-

11.0; P <0.001), with a -2.8% improvement in individuals who experienced an 

event and 10.0% improvement in those who did not. The RIDI improved by 3.0% 

(95% CI, 0.9%-5.1%; P = 0.006). eGFR did not contribute to better prediction of the 

composite cardiovascular endpoint beyond traditional risk factors. Adjustment for 

the enrichment of albuminuria in the PREVEND Study cohort yielded essentially 

similar results (Supplemental Table 1 and 2).  

 

 



 

 

Table 2. Association of the composite cardiovascular endpoint with albuminuria in univariable and multivariable Cox regression models 

 

Table 3. Association of the composite cardiovascular endpoint with estimated eGFR in univariable and multivariable Cox regression models 

Variable Model 1 Model 2 Model 3 Model 4 

 HR (95%CI) χ
2
 P HR (95%CI) χ

2
 P HR (95%CI) χ

2
 P HR (95% CI) χ

2
 P 

eGFR (mL/min/1.73m²) 0.96 (0.96-0.97) 435 <0.001 1.00 (0.99-1.00) 2 0.1 1.00 (0.99-1.00) 0.5 0.5 1.00 (1.00-1.00) 0.03 0.9 

Age (per 10 years)    2.21 (2.08-2.36) 626 <0.001 2.08 (1.94-2.23) 426 <0.001 1.97 (1.84-2.12) 338 <0.001 

Male sex    2.14 (1.90-2.42) 152 <0.001 1.77 (1.55-2.03) 68 <0.001 1.68 (1.45-1.94) 50 <0.001 

Smoking (yes/no)       1.28 (1.18-1.39) 35 <0.001 1.26 (1.15-1.37) 27 <0.001 

Systolic BP (per 10 mmHg)       1.09 (1.06-1.12) 35 <0.001 1.08 (1.05-1.12) 30 <0.001 

Total cholesterol (per 100 mg/dL)       1.03 (1.02-1.05) 23 <0.001 1.04 (1.03-1.06) 34 <0.001 

HDL cholesterol (per 100mg/dL)       0.91 (0.87-0.96) 14 <0.001 0.94 (0.89-0.99) 6 0.01 

Diabetes (yes/no)       1.35 (1.10-1.66) 8 0.004 1.24 (1.00-1.54) 4 0.049 

Body Mass Index (kg/m
2
)          1.00 (0.98-1.01) 0.2 0.7 

CV history (yes/no)          2.12 (1.80-1.49) 85 <0.001 

Antihypertensive medication (yes/no)          1.23 (1.07-1.41) 9 0.003 

Lipid lowering medication (yes/no)          0.84 (0.73-0.97) 5 0.020 

Abbreviations: BP, blood pressure; CV, cardiovascular; CVD: Cardiovascular disease; eGFR: estimated glomerular filtration rate; HDL, high density lipoprotein. 

 

Variable Model 1 Model 2 Model 3 Model 4 

 HR (95% CI) χ
2 

P HR (95%CI) χ
2
 P HR (95%CI) χ

2
 P HR (95% CI) χ

2
 P 

Albuminuria (per doubling, g/24h) 1.34 (1.31-1.38) 459 <0.001 1.15 (1.12-1.19) 82 <0.001 1.10 (1.06-1.13) 27 <0.001 1.08 (1.04-1.12) 17 <0.001 

Age (per 10 years)    2.15 (2.05-2.27) 824 <0.001 2.08 (1.96-2.21) 576 <0.001 1.95 (1.83-2.08) 430 <0.001 

Male sex    1.92 (1.70-2.17) 112 <0.001 1.68 (1.47-1.93) 56 <0.001 1.62 (1.40-1.87) 43 <0.001 

Smoking (yes/no)       1.26 (1.16-1.37) 29 <0.001 1.24 (1.14-1.35) 24 <0.001 

Systolic BP (per 10 mmHg)       1.06 (1.03-1.09) 18 <0.001 1.07 (1.03-1.10) 17 <0.001 

Total cholesterol (per 100 mg/dL)       1.03 (1.02-1.05) 22 <0.001 1.04 (1.03-1.05) 32 <0.001 

HDL cholesterol (per 100 mg/dL)       0.92 (0.88-0.96) 12 <0.001 0.94 (0.90-0.99) 6 0.02 

Diabetes (yes/no)       1.24 (1.01-1.53) 4 0.04 1.18 (0.95-1.47) 2 0.1 

Body Mass Index (kg/m
2
)          0.99 (0.98-1.01) 0.5 0.5 

CVD history (yes/no)          2.06 (1.75-2.41) 77 <0.001 

Antihypertensive medication (yes/no)          1.21 (1.06-1.39) 8 0.005 

Lipid lowering medication (yes/no)          0.85 (0.74-0.98) 5 0.03 
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Table 4. Annual incidence rate for the composite cardiovascular endpoint according to combined 

albuminuria and eGFR 
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 <10 ≥10 - <30 ≥30 

eGFR (mL/min/1.73m
2
)     

>90 0.42 1.04 2.12 

60 – 90 1.75 2.71 3.87 

<60 3.35 5.14 7.57 

Figure 1. The hazard ratio for the composite cardiovascular endpoint according to the level of 

albuminuria and eGFR. Hazard ratios adjusted for age, sex, systolic and diastolic blood pressure, total 

and HDL cholesterol, diabetes and smoking. The reference category is the group of individuals with 

eGFR >90 ml/min/1.73m² and albuminuria <10 mg/24h. 
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Table 5. Performance of renal risk markers when added on top of the Framingham risk model  
 Harrell’s C statistic NRI RIDI 

 Estimate (95%CI) P Estimate (95%CI) P Estimate (95%CI) P 

Framingham 0.829 (0.817-0.840)  ref  ref  

UAE  0.832 (0.821-0.844) <0.001 7.2% (3.3 – 11.0%) <0.001 3.0% (0.9-5.1%) 0.006 

eGFR  0.829 (0.817-0.840) 0.8 -1.2% (-5.1 - 2.7%) 0.5 0.08% (-0.35 – 0.51) 0.7 

Abbreviations: UAE, urine albumin excretion; eGFR, estimated glomerular filtration rate 

 

 
 
Figure 2 Association between albuminuria and eGFR for the components of the cardiovascular 

outcome measure. The hazard ratio for the various components is expressed per doubling 

increment in albuminuria and per 1 mL/min/1.73m² decrement in eGFR 

 

Discussion 

The present study showed that the renal risk marker albuminuria, but not eGFR, is 

associated independently with cardiovascular outcome in the general population. 

Furthermore, we found that adding albuminuria, but not eGFR, to a model 

consisting of Framingham risk factors significantly contributed in identifying 

individuals at risk for cardiovascular outcomes, reflected by highly statistically 

significant NRI and RIDI scores. This is important because in the new CKD 

classification system recently proposed, urine albumin has a critical role in 

Albuminuria

1.0 1.1 1.2 1.3 1.4 1.5

CV morbidity

All cause mortality

CV morbidity CV mortality

CV morbidity all cause mortality

Estimated GFR

0.97 0.98 0.99 1.00 1.01

CV morbidity

All cause mortality

CV morbidity CV mortality

CV morbidity all cause mortality

HR (95% CI)

HR (95% CI)
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assessing the prognosis of individuals in general, high-cardiovascular-risk, and 

kidney disease populations.
(15)

 

The absence of predictive value of eGFR in the present analysis is not fully in 

agreement with previous reports. This discrepancy may be explained by 

differences in the studied populations. Studies showing the predictive value of 

eGFR were all conducted in populations with high cardiovascular risk or decreased 

kidney function, with eGFRs lower than the reference range.
5,6,16

 The few studies 

conducted in low-risk populations documented only weak associations between 

eGFR and cardiovascular risk
17,18

 and showed that eGFR does not improve 

discrimination of Framingham equations.
19

 This interpretation is confirmed in a 

large meta-analysis showing that the association between eGFR in the range of 

60-90 mL/min/1.73m² with cardiovascular risk was moderate but markedly 

increased at levels <60 mL/min/1.73m
2
.
20

 Thus, the added value of eGFR appears 

to be confined to high-risk populations with decreased kidney function. In this 

respect, it is not surprising that we did not find a relationship between eGFR and 

our cardiovascular composite outcome because most of the PREVEND population 

had normal kidney function. However, previous studies have shown that 

albuminuria is associated with adverse cardiovascular outcomes in diseased 

populations such as those with kidney disease,
21

 type 2 diabetes,
5,6

 and 

hypertension,
7,8

 but also in the general population, as shown in the present study. 

The finding that a novel biomarker is independently associated with 

adverse cardiovascular outcome does not necessarily imply that the novel 

biomarker will contribute to cardiovascular risk prediction on top of all traditional 

cardiovascular risk markers. In order to provide additive value in risk stratification, 

the risk marker must be able to separate individuals who do and do not experience 

an event.
14

 The Harrell’s C statistic traditionally is used to determine additive value 

of novel biomarkers. However, this method is insensitive to detect improvements in 

multivariable regression models and should be used with this in mind. Therefore 

we also provide RIDI and NRI data.  

Only 2 studies assessed the additive value of eGFR and albuminuria. A significant 

contribution of albuminuria and eGFR combined was found in American Indians 

with high prevalence of diabetes and kidney disease.
10

 In contrast, Clase et al
22
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observed no additive value of the renal risk markers in persons older than 55 years 

with documented cardiovascular disease derived from ONTARGET (Ongoing 

Telmisartan Alone and in Combination With Ramipril Global Endpoint Trial) and 

TRANCENT (Telmisartan Randomized Assessment Study in Angiotensin-

Converting-Enzyme-Inhibitor Intolerant Subjects with Cardiovascular Disease). 

However, it is likely that these findings are influenced by the study population. For 

a study to establish the additive value of a novel risk marker to the Framingham 

risk score, one needs to study that in the general population in which the risk score 

originally was designed. Using an already diseased population may negate the 

renal parameter effect, because this is compromised by the disease itself. For 

example, hypertension and diabetes themselves can affect renal filtration power 

and may enhance urine albumin leakage. To overcome this source of bias, one 

needs to study the additive value of a novel biomarker in a general population 

cohort with preserved kidney function, as we have done in our study.  

Our data indicate that a population-based screening approach for high 

albuminuria may help identify individuals at risk of compromised disease. This may 

have important implications from a general health care perspective because it 

allows identification of individuals at risk when traditional compromised risk factors 

are not (yet) elevated. With the continuing increases in kidney and cardiovascular 

disease prevalences, strategies should be developed and implemented to mitigate 

the burden of these diseases. Implementing a screening approach for high 

albuminuria can be considered as such a strategy, but it requires a range of 

considerations, including the incidence of the targeted outcome, availability of 

effective treatments, and cost-effectiveness. With respect to the latter, it is has 

been shown from the Dutch health care perspective that screening for albuminuria 

is cost-effective after taking into account the costs for general practitioner, 

laboratory personnel, and consumable and the costs for drug therapies.
23

  

The underlying pathophysiological mechanism between albuminuria and 

cardiovascular disease has been investigated thoroughly. Albuminuria has been 

suggested to be the renal manifestation of peripheral vascular dysfunction, in 

particular, endothelial dysfunction.
(24,25)

 Endothelial dysfunction may accelerate the 

atherothrombotic process and subsequently increase cardiovascular risk.
24,26
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Consequently, treatment strategies focused on reducing albuminuria may attenuate 

atherothrombosis and reduce cardiovascular risk. 

Strength of our study include use of a large community-based cohort and 

use of 2 consecutive 24-hour urine samples for albuminuria measurement, which 

improved the reliability of risk assessment. Results of the study should be 

interpreted with some limitations in mind. Our study included a general population 

of predominantly European ancestry and the findings may not be representative for 

populations with other characteristics. Secondly, the PREVEND cohort is enriched 

for high albuminuria, which may have influenced our analyses. To adjust for the 

enrichment, we repeated our analyses using a weight factor that corrected for the 

oversampling and found similar results.  

In conclusion, we found that albuminuria improves current accepted 

cardiovascular risk models in the general population, whereas eGFR does not. 

These results indicate that adding albuminuria to traditional cardiovascular risk 

engines may help to accurately capture individuals at risk and help guide the 

intensity of cardiovascular protective therapy, whereas eGFR measurement does 

not. 
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 Supplemental Table 1. Association of the composite cardiovascular endpoint with albuminuria in univariable and multivariable Cox regression models adjusted 

for the enrichment of albuminuria in PREVEND 

 

 

 

Supplemental Table 2. Association of the composite cardiovascular endpoint with estimated eGFR in univariable and multivariable Cox regression models 

adjusted for the enrichment of albuminuria in PREVEND 
 

Variable Model 1 Model 2 Model 3 Model 4 

 HR (95%CI) χ
2
 P HR (95%CI) χ

2
 P HR (95%CI) χ

2
 P HR (95% CI) χ

2
 P 

eGFR (mL/min/1.73m²) 0.96 (0.96-0.97) 177 <0.001 1.00 (0.99-1.00) 1 0.3 1.00 (0.99-1.00) 0.4 0.5 1.00 (0.99-1.00) 0.4 0.5 

Age (years)    2.24 (2.10-2.40) 271 <0.001 2.14 (1.92-2.38) 186 <0.001 1.98 (1.76-2.22) 131 <0.001 

Male sex    2.51 (2.20-2.86) 101 <0.001 2.11 (1.71-2.62) 48 <0.001 1.98 (1.58-2.47) 36 <0.001 

Smoking (yes/no)       1.28 (1.13-1.45) 16 <0.001 1.24 (1.09-1.41) 10 0.001 

Systolic BP (mmHg)       1.07 (1.03-1.12) 12 0.001 1.09 (1.04-1.13) 12 <0.001 

Cholesterol (mmol/L)       1.05 (1.03-1.07) 24 <0.001 1.05 (1.03-1.07) 27 <0.001 

HDLC (mmol/L)       0.91 (0.84-0.98) 6 0.01 0.93 (0.86-1.01) 3 0.07 

Diabetes (yes/no)       1.45 (1.04-2.01) 5 0.03 1.28 (0.91-1.81) 2 0.2 

Body Mass Index (kg/m
2
’)          1.00 (0.97-1.03) 0 0.9 

CV-history (yes/no)          2.31 (1.77-3.01) 39 <0.001 

Antihypertensive medication (yes/no)          1.22 (0.97-1.55) 3 0.08 

Lipid lowering medication (yes/no)          0.83 (0.65-1.05) 2 0.12 

Abbreviations: BP, blood pressure; CV, cardiovascular; CVD: Cardiovascular disease; eGFR: estimated glomerular filtration rate; HDL, high density lipoprotein.

Variable Model 1 Model 2 Model 3 Model 4 

 HR (95%CI) χ
2
 P HR (95%CI) χ

2
 P HR (95%CI) χ

2
 P HR (95% CI) χ

2
 P 

Albuminuria (per doubling, mg/24h) 1.37 (1.32-1.42) 313 <0.001 1.16 (1.12-1.21) 50 <0.001 1.10 (1.04-1.15) 14 <0.001 1.08 (1.03-1.14) 10 0.002 

Age (per 10 years)    2.23 (2.10-2.36) 425 <0.001 2.16 (1.97-2.35) 290 <0.001 2.00 (1.82-2.21) 202 <0.001 

Male sex    2.28 (2.00-2.61) 82 <0.001 2.01 (1.63-2.48) 43 <0.001 1.89 (1.52-2.35) 32 <0.001 

Smoking (yes/no)       1.27 (1.12-1.43) 14 <0.001 1.23 (1.08-1.40) 10 0.002 

Systolic BP (per 10 mmHg)       1.06 (1.01-1.11) 7 0.01 1.07 (1.02-1.12) 7 0.006 

Total cholesterol (per 100 mg/dL)       1.05 (1.03-1.07) 23 <0.001 1.05 (1.03-1.07) 26 <0.001 

HDL cholesterol (per 100 mg/dL)       0.91 (0.84-0.98) 6 0.01 0.93 (0.87-1.00) 3 0.08 

Diabetes (yes/no)       1.31 (0.94-1.82) 3 0.10 1.19 (0.84-1.68) 1 0.3 

Body Mass Index (kg/m
2
)          1.00 (0.97-1.02) 0 0.8 

CVD history (yes/no)          2.28 (1.75-2.96) 38 <0.001 

Antihypertensive medication (yes/no)          1.24 (0.99-1.56) 3 0.06 

Lipid lowering medication (yes/no)          0.82 (0.65-1.04) 3 0.1 
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Abstract 

Background: Optimal renal and cardiovascular risk management in diabetic 

patients includes optimal maintenance of blood pressure, control of glucose and 

lipids. Although the optimal control of these risk factors has proven to be effective, 

it often is difficult to achieve. Consequently, the risk for renal and cardiovascular 

complications remains devastatingly high. Many biomarkers have been discovered 

that accurately predict long-term renal and cardiovascular outcome. However, the 

aim of measuring biomarkers may not be only to determine an individual’s risk, but 

also to use the biomarker level to guide therapy and thereby improve long-term 

clinical outcome.  

Content: This review describes the effects of various drugs on novel biomarkers 

and the relationship between (drug induced) short-term changes in biomarkers and 

long-term renal and cardiovascular outcome in patients with diabetes.  

Summary: In post-hoc analyses of large trials, the short-term reductions in 

albuminuria, transforming growth factor-β and N-terminal pro-B-type natriuretic 

peptide (NT-proBNP) induced by inhibitors of the renin-angiotensin-aldosterone 

system were associated with a decreased likelihood of long-term adverse renal and 

cardiovascular outcomes. However, the few studies that systematically investigated 

the utility of prospectively targeting novel biomarkers, such as hemoglobin or NT-

proBNP, failed to demonstrate long-term cardiovascular protection. The latter 

examples suggest that although a biomarker may have superior prognostic ability, 

therapeutically changing such a biomarker does not necessarily improve long-term 

outcome. Thus, to establish the clinical utility of other novel biomarkers, clinical 

trials must be performed to prospectively examine the effects of therapeutically-

induced changes in single or multiple biomarkers on long-term risk management of 

patients with diabetes.  
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Introduction 

Patients with diabetes mellitus are prone to develop a broad range of 

complications. The most common of these are renal and cardiovascular 

complications that are associated with a large burden of social dysfunction and with 

high risk of premature death.  

 Several modifiable risk factors are associated with poor renal and 

cardiovascular outcome, including blood pressure, plasma glucose and lipid 

concentrations, smoking, and body weight. In this review we distinguish between 

modifiable risk factors and biomarkers in the following way: A modifiable risk factor 

or risk marker (hereinafter called risk factor) is a biological characteristic that is 

causally correlated to a clinical endpoint, and its intervention-induced change 

should predict outcome; the risk factor differs from a biomarker in that the latter is a 

biological characteristic indicating a normal biologic process, a pathogenic process, 

or an effect of treatment on such a process.
1
 Biomarkers are often used as 

surrogate endpoints in clinical studies. In such studies the biomarker is used to 

substitute for a clinical endpoint. It is hoped that the biomarker will directly reflect 

the disease process under investigation, but the biomarker could be indirectly 

related. It is therefore possible that changes in the biomarker will not directly 

correlate to the treatment or desired outcome. 

 Although all risk factors can be considered biomarkers, it is likely that only 

a subset of biomarkers will achieve risk-factor status. Blood pressure is a clear 

example of a risk factor because it is causally related to cardiovascular disease 

and the reduction in blood pressure induced by an antihypertensive agent is 

related to the degree of cardiovascular risk reduction.
2
 Angiotensin is an example 

of a biomarker because high angiotensin concentrations are a reflection of kidney 

disease and therapy-induced changes in angiotensin concentrations may reflect 

the efficacy of the therapy, without a direct causal relationship between angiotensin 

and kidney disease. There are also examples for which the boundaries between 

risk marker and biomarker are overlapping. For example, albuminuria is a reflection 

of renal damage. As such it is, a biomarker of kidney disease state. On the other 

hand, albuminuria is also believed to be a causal factor in progressive loss of renal 
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function. Treatments that lower albuminuria, lower the risk for kidney and 

cardiovascular disease. In this respect albuminuria is also a risk factor/marker. 

Thus the differentiation between a risk marker and a biomarker is not always well-

defined. Throughout this review we use the term biomarker, a designation that 

does not indicate the potential differential relationship.  

  In clinical practice there are several biomarkers that can be used as targets 

to improve renal and cardiovascular protection. However, optimal control of these 

biomarkers seems to be difficult to achieve. This difficulty is illustrated by the 

results of the multi-factorial intervention trial of the Steno Diabetes Center, Steno-2. 

In this study only a small proportion of patients achieved optimal biomarker control 

despite intensive renal and cardiovascular protective therapy.
3
 Consequently, a 

substantial proportion of patients remain at a high renal and cardiovascular risk.
4
  

A host of reports on novel biomarkers are currently being published. Many 

of these publications intend to show that the novel biomarkers at hand enable the 

more accurate identification of patients with diabetes at risk for the development of 

kidney and cardiovascular diseases.
5,6

 Although this may be true, one has to 

realize that the goal of measuring biomarkers is not only to determine an 

individual’s risk but also to use the risk assessment to guide appropriate therapy 

and thereby to improve long-term clinical outcome. It is therefore important to 

obtain insight into the effects of therapeutic approaches on short-term changes 

(observed within the first months after initiation of therapy) in these new 

biomarkers, and to delineate whether these short-term drug-induced biomarker 

changes are associated with long-term reductions in risk for renal and 

cardiovascular outcomes in ensuing years. Such information will allow the doctor 

and patient to use the biomarker to estimate risk as well as therapy success. In this 

review we discuss the impact of treatment on novel renal and cardiovascular 

biomarkers (excluding traditional risk factors such as blood pressure, glucose, 

lipids, body weight, and smoking), and delineate whether short-term treatment-

induced changes in single or a panel of multiple biomarkers predict changes in risk 

for long-term renal and cardiovascular outcomes. 
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Targeting Single Biomarkers 

Albuminuria 

Albuminuria, a marker of generalized vascular dysfunction, is one of the most 

frequently evaluated biomarkers in patients with diabetes. Large observational 

studies in patients with diabetes have shown that albuminuria is a valuable marker 

in predicting the risk for kidney and cardiovascular disease.
7-9

 In addition, various 

drugs are known to decrease albuminuria, such as the well-known renin-

angiotensin-aldosterone system (RAAS) inhibitors. These agents decrease 

albuminuria by approximately 40%.
10

 The (short-term) reduction in albuminuria 

achieved with RAAS inhibitors may be a critical step in achieving long-term 

protection against renal events (defined throughout this review as the need for 

chronic dialysis or renal transplantation) and cardiovascular events. Post hoc 

analyses from the RENAAL (Reduction of Endpoints in NIDDM with the 

Angiotensin II Antagonist Losartan Study) trial in patients with diabetes illustrated 

that each 50% reduction in albuminuria induced by treatment with an angiotensin-

receptor blocker (ARB) during the first months of therapy was associated with 45% 

and 18% risk reduction for renal and cardiovascular events, respectively, during the 

ensuing 3.4 years of follow-up (Table 1 and Figure 1).
11,12 

Similar results were 

observed in the ADVANCE (Action in Diabetes and Vascular Disease: Preterax 

and Diamicron MR Controlled Evaluation) trial. The ADVANCE trial illustrated that 

each halving of albuminuria during follow-up, achieved with combination therapy 

consisting of an angiotensin-converting-enzyme inhibitor (ACEi) and diuretic, 

resulted in 20% risk reduction for cardiovascular events.
7
 

A relevant scientific question is whether the short-term albuminuria-

lowering effects of RAAS inhibitors, registered as antihypertensive drugs, are 

mediated through their effect on blood pressure only, or whether they are the result 

of a combination of effects (including the lowering of blood pressure). Indeed, 

RAAS inhibitors have multiple other effects such as lowering of albuminuria. If 

albuminuria reduction confers renal and cardiovascular protection independent of 

changes in blood pressure or other biomarkers, such evidence would support the 

validity of albuminuria as an independent target for renal- and cardiovascular-
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protective therapy. The renoprotective effects of RAAS inhibitors beyond blood 

pressure control were initially discovered in nondiabetic patients. The REIN 

(Ramipril Efficacy in Nephropathy) trial showed that ramipril lowered the risk of 

end-stage renal disease compared to conventional antihypertensive therapy at a 

similar level of blood pressure control.
13

 These results extended to the population 

of patients with type 2 diabetes. IDNT (Irbesartan Diabetic Nephropathy Trial) 

compared the effects of an ARB (irbesartan), a calcium channel blocker 

(amlodipine), and placebo in patients with diabetic nephropathy.
14

 The rationale to 

include a calcium-channel blocker treatment arm in this trial was to determine 

blood pressure independent renoprotective effects of the ARB.
15

 The trial showed 

that irbesartan significantly lowered the risk for renal events compared to 

amlodipine despite similar blood pressure control. A post hoc analysis of this trial 

further illustrated that irbesartan’s superior renoprotective effect could be in large 

part attributed to its effect on proteinuria reduction.
16

 However, when the authors 

compared the renoprotective effects of irbesartan vs amlodipine at similar degrees 

of blood pressure and proteinuria reduction, irbesartan still provided better 

renoprotection. This finding indicated that the pharmacological effects of irbesartan 

could not be fully explained by its effects on blood pressure and proteinuria alone 

and implied that irbesartan’s effect on other, as yet unidentified, biomarkers was 

involved in its long-term renoprotective effect. The results of this study argued for 

the simultaneous measurement of short-term changes in multiple biomarkers to 

explain the overall pharmacological effects of an agent on long-term hard renal and 

cardiovascular outcomes. 

Further indirect evidence supporting the validity of albuminuria as an 

independent target for renal- and cardiovascular-protective therapy comes from a 

detailed analysis by Eijkelkamp et al.
17

 In this analysis of the RENAAL trial the 

blood pressure response to an ARB (losartan) was dissociated from the 

albuminuria response. The study showed that long-term renoprotection was related 

to the degree of albuminuria lowering and to a lesser extent to the degree of blood 

pressure lowering. Thus, RAAS inhibitors play a unique role in renal and 

cardiovascular therapy because of the protection they afford, which is mediated, at 

least in part, through their effect on albuminuria.  
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Although of interest, these post hoc analyses can be interpreted only in the 

context of hypothesis generation. To evaluate the monitoring and targeting of 

albuminuria as an effective treatment strategy, one group of patients should be 

assigned to frequent measurement and adjustment of medication if targets are not 

met, while the other group receives standard care. Such a design would isolate the 

role of albuminuria targeting by focusing on the additive effect of albuminuria 

monitoring compared with standard therapy, and provide a better approach to 

establish the clinical relevance of targeting albuminuria for renal and cardiovascular 

protection. Such a trial has not yet been conducted, although Hou et al. came very 

close with the design and results of the ROAD (Renoprotection of Optimal 

Antiproteinuric Doses) trial, conducted in nondiabetic patients. Hou et al. aimed to 

specifically target albuminuria using dosages of ACEi or ARB well above the 

dosage that is conventionally used for blood pressure reduction. It is known that 

such high dosages of ACEi or ARB confer additional antiproteinuric effects beyond 

their blood-pressure lowering effect.
18,19

 Hou et al. reported that targeting 

albuminuria with optimal antiproteinuric dosages of ACEi or ARB resulted in much 

better renal protection than conventional antihypertensive therapy despite similar 

blood pressure control.
20

 Although these results are promising, further studies are 

needed to resolve the issue whether specific lowering of albuminuria results in 

renal and cardiovascular protection.  

Because RAAS inhibition forms the mainstay therapy for renal and 

cardiovascular protective therapy, the albuminuria-lowering effects of novel agents 

are now tested on top of RAAS inhibition. Thiazolidinediones, oral glucose-lowering 

drugs, act through stimulation of the peroxisome proliferator activated receptor γ. 

These drugs have been shown to significantly lower albuminuria in patients with 

diabetes.
21,22

 Another target has been the vitamin D receptor. Studies have 

indicated that vitamin D-receptor activators (VDRA) exert albuminuria-lowering 

effects through suppression of the RAAS and anti-inflammatory effects.
23,24

 Apart 

from VDRA therapy, HMG-CoA (3-hydroxy-3 methyl glutaryl coenzyme A) 

reductase inhibitors (statins) also lowered albuminuria, but this seems to be a 

specific drug effect because not all statins uniformly lowered albuminuria.
25,26

 

Another target to lower albuminuria has been blocking the endothelin type A 
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receptor in the endothelin system, which seems to play a role in the pathogenesis 

of albuminuria. Several studies have shown that blocking the endothelin type A 

receptor significantly reduced albuminuria up to 40% in patients with type 2 

diabetes and nephropathy beyond optimal RAAS blockade.
27,28

 Although effective, 

the side effects of endothelin antagonists, particularly fluid overload, have been a 

cause of concern and may blunt the cardiovascular protective effects of 

albuminuria lowering. To date, no hard endpoint trial has been completed with 

either VDRAs, statins, or endothelin antagonists. Thus, it is not known whether 

short-term reductions in albuminuria during either VDRA, statin, or endothelin-

antagonist therapy are related to reductions in the risk for hard renal and 

cardiovascular events. 

The utility of (changes in) albuminuria as a biomarker for kidney and 

cardiovascular disease have been debated extensively. Critics have focused on at 

least 3 issues: variability of the albuminuria within an individual, absence of 

albuminuria in patients with renal or cardiovascular function loss, and results of 

large trials that did not confirm the importance of albuminuria as a predictor or a 

target for treatment. Firstly, studies have shown that the variability in albuminuria is 

large, and as such albuminuria would not be a good biomarker. Indeed, large, 

random, day-to-day fluctuations in any biomarker hamper the accuracy and 

precision of predictions of changes in renal and cardiovascular risk. When 

examined at the individual level, albuminuria has been found to vary from day to 

day.
29

 However, when examined at the group level, the variability in albuminuria 

was equal to the variability in other biomarkers.
27

 Secondly, studies have shown 

that patients without albuminuria can have progressive loss of renal function. This 

finding is no surprise, because albuminuria is just like other biomarkers and is one 

of many contributors to kidney and cardiovascular disease. Obviously, other factors 

likely play a role in disease progression.
30

 Importantly, the available evidence 

clearly has shown that the presence of increased levels of urine albumin is an 

excellent predictor of later renal and cardiovascular problems in patients with and 

without diabetes.
31

 Thirdly, ONTARGET (Ongoing Telmisartan Alone and in 

combination with Ramipril Global Endpoint) trial showed that despite additional 

albuminuria reduction, combination therapy with ACEi and ARB did not confer 
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cardiovascular protection, and even increased the risk of renal disease.
32,33

 This 

result led to lively discussions about the validity of albuminuria as a biomarker of 

kidney disease and recommendations to dismiss albuminuria as a surrogate 

endpoint for renal and cardiovascular protection. Intriguingly, the discussion 

focused on albuminuria, although blood pressure was also further reduced in the 

combination arm. Because the combination arm showed no further protection in 

long-term outcomes, it would have been equally valid to consider dismissing blood 

pressure as a valid biomarker! With regard to albuminuria in the ONTARGET trial, 

a recent analysis provided ample evidence that both baseline albuminuria as well 

as changes in albuminuria during the first years predicted the risk for renal and 

cardiovascular events in the following years.
34

 This result was in contrast with the 

earlier ONTARGET renal report which gave the impression that albuminuria was 

not a valid renal risk predictor. Thus, the recent ONTARGET analysis further 

substantiates numerous previous studies with results demonstrating that in 

individual patients changes in albuminuria are an excellent predictor for changes in 

future renal and cardiovascular risk. 

 

Transforming Growth Factor-β 

Transforming Growth Factor-β (TGF-β) has a key role in the processes that lead to 

an increase in matrix components, infiltration of macrophages in renal tissue, and 

loss of nephrons, eventually leading to diabetic nephropathy. Therefore, it is not 

surprising that the presence of TGF-β has been shown to predict the onset of end-

stage renal disease.  

TGF-β is an important transducer of the pathogenetic effects of angiotensin II, and 

its levels are controlled by the RAAS. Because of these characteristics, studies of 

TGF-β have investigated whether the effects of RAAS-inhibitors on TGF-β could 

account for the renoprotective effects of RAAS inhibitors beyond decreasing blood 

pressure and albuminuria. To this end, the changes induced by the ACEi captopril 

in serum TGF-β levels at 6 months were measured and correlated to the 2-year 

rate of renal function decline in patients with type 1 diabetes.
35

 Captopril caused a 

significant decline in TGF-β levels compared to placebo. The degree of TGF-β 

reduction coincided with the degree of preservation of glomerular filtration rate 
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(GFR) during the ensuing 2 years of follow-up (Table 1). Thus, if TGF-β declined at 

6 months, the rate of renal function decline during the subsequent 2 years of 

follow-up was smaller. An important question was whether the changes in TGF-β 

were independent of changes in albuminuria. Another study provided more insight 

into the independent effects of RAAS inhibition on TGF-β levels. Agarwal et al. 

found that 4-week treatment with the combination of an ACEi and an ARB 

significantly attenuated TGF-β levels. Interestingly, the reductions in TGF-β levels 

occurred independently of changes in 24-hour urine protein excretion or blood 

pressure.
36

 These data suggest that the effect of RAAS inhibition on TGF-β may in 

part explain its renal protective effect. However, the definitive answer to whether 

TGF-β suppression is independently associated with renoprotection should come 

from randomized controlled trials.  

 

Hemoglobin 

Anemia is a common finding in patients with diabetes, and it has potential to 

negatively affect well-being and social functioning. Clear evidence is available that 

anemia is an independent potent risk factor for cardiovascular disease.
37-39

 The 

role of anemia as a cardiovascular risk factor appears to extend to progression of 

chronic kidney disease. In patients with type 2 diabetes, anemia has been 

documented to be an independent risk factor for doubling of serum creatinine (50% 

reduction in GFR) or end-stage renal disease.
9
 Various drugs affect hemoglobin 

levels. Firstly, ARB are known to lower hemoglobin levels (an unwanted side 

effect). The reductions in hemoglobin during ARB therapy appear not to affect the 

overall efficacy of ARB on the progression of kidney disease. Toto et.al. 

demonstrated that the long-term renoprotective effects of the ARB losartan in 

individuals with diabetes and nephropathy persisted in the presence of a significant 

reduction in hemoglobin.
40

 These data indicated that a reduction in hemoglobin 

during the initial months after start of ARB therapy did not necessarily imply a dose 

reduction or discontinuation of treatment altogether. 

 Erythropoiesis-stimulating agents (ESA) are a class of agents that are 

intended to target hemoglobin levels and bring them towards reference intervals. 

Despite the absence of high-quality outcome data, ESA therapy has been 
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frequently used based on the expectation that correction of anemia improves renal 

and cardiovascular outcomes. Data from TREAT (Trial to Reduce Cardiovascular 

Events with Aranesp Therapy), however, created a dilemma: ESA-therapy 

increased hemoglobin levels after just 3 months therapy but did not confer long-

term renal or cardiovascular protection.
41

 These results were remarkable because 

theoretically increasing oxygen delivery and improving cardiovascular 

hemodynamics should improve vascular outcomes.
42

 Although a lot of attention 

has centered on the hemoglobin targets used in these trials, another explanation 

could be that high ESA exposure itself might account for the  

 

Figure 1. Associations between the proportional change in different renal and cardiovascular 

biomarkers and the risk for cardiovascular outcomes. The data show the relationship between the short-

term change in respectively albuminuria (RENAAL)
11

, proBNP (Val-HeFT)
57

 and hs-CRP (JUPITER)
56

 

and cardiovascular outcome. The JUPITER trial reported cardiovascular hazard ratio for rosuvastatin 

assigned patients with less than 50% and more than 50% reduction in hs-CRP compared to placebo 

which was used as reference. For illustrative purposes, it was assumed that a reduction in hs-CRP of 

less than 50% resulted in a mean reduction of 30% whilst a reduction of more than 50% resulted in a 

mean reduction of 80%. 
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Table 1. Overview of studies performed to determine the association between drug-induced changes in biomarkers and long-term changes in renal or cardiovascular risk.
a
  

biomarker Trial Intervention biomarker change Change of long-term renal or CV risk 

Single biomarkers    

Albuminuria RENAAL Losartan 100 mg/day 
vs placebo 

Compared to placebo, albuminuria 
was decreased by 32% in 
albuminuria after 6 months. 

Each halving of albuminuria during the first 6 months was 
associated with a reduction in the risk of renal and CV 
disease of respectively 45% and 18% during 3.4 years 
follow-up 

 IDNT Irbesartan 300 mg/day 
vs Amlodipine 10 
mg/day vs placebo 

Compared to placebo, albuminuria 
levels were 30% lower in irbesartan-
treated patients after 12 months. 

Each halving of proteinuria during the first 12 months was 
associated with a risk reduction in end-stage renal disease 
of 56% during 2.9 years follow-up 

TGF-β Captopril 
Trial 

Captopril 75 mg/day 
vs placebo 

Captopril caused a 25% reduction in 
TGF-β compared to placebo during 
the initial 6 months. 

An inverse correlation was found between the change in 
TGF-β and the percentage change in estimated GFR over 
the ensuing 2 years (r = -0.45; P = 0.008). 

Hemoglobin TREAT Darbepoetin-α vs 
placebo 
 

Hemoglobin levels increased from 
104 to 106 g/L and from 104 to 125 
g/L in, respectively, patients treated 

with placebo or darbepoetin--α.  
 

A post-hoc analysis showed that despite receiving high 

dosages of Darbepoetin-α, patients with a poor response 
during the first 4 weeks had a higher risk of adverse CV 

outcomes. Furthermore, Darbepoetin-α increased 
hemoglobin levels but did not reduce the risk of renal and 
CV events. 

CRP JUPITER
* 

Rosuvastatin 20 
mg/day vs placebo 

3,573 (46%) of participants assigned 
to rosuvastatin had a reduction in 
hs-CRP more than 50%.  

Compared to placebo, participants assigned to rosuvastatin 
who achieved a CRP reduction more than 50% had a 54% 
CV risk reduction 

NT-proBNP Steno-2
 

 
Intensive vs 
conventional 
multifactorial 
intervention

  

Compared to placebo, NT-proBNP 
levels were 6.5 ng/L lower in 
intensive treatment arm after 2 
years. 

A 10 ng/L reduction in NT-proBNP during the first 2 years 
was associated with a significant 1% CV risk reduction 
during a median follow-up of 7.8 years. 

Multiple biomarkers    

 Steno-2
 

Intensive vs 
conventional 
multifactorial 
intervention

 

Compared to conventional 
intervention, intensive treatment 
reduced LDL cholesterol 0.3 mmol/L, 
HbA1c 1.0%, albuminuria 32 
mg/24hr, and systolic blood pressure 
4 mmHg 

Intensive treatment attenuated the risk of nephropathy (risk 
reduction 44%) retinopathy (risk reduction 55%), CV events 
(risk reduction 59%) and death (risk reduction 46% ) 
 

a 
All listed studies enrolled patients with diabetes except the JUPITER trial, which included apparently healthy individuals with high CRP. Abbreviations: BNP, Brain Natriuretic 

Peptide; CRP, C-reactive Protein; CV, cardiovascular; JUPITER, Justification for the Use of Statins in Primary Prevention: An Intervention Trial Evaluating Rosuvastatin, IDNT, 

Irbesartan in Diabetic Nephropathy; RENAAL, Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan; TREAT, Trial to Reduce Cardiovascular Events with 

Aranesp Therapy 
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detrimental effects. Indeed, a post hoc analysis of the TREAT trial demonstrated 

that patients with a poor hematopoietic response to ESA therapy (those within the 

lowest quartile of the 4-week hemoglobin change) were more likely to experience a 

cardiovascular event or die compared to responsive patients (Table 1).
43

 These 

data underscore the importance of considering individualized therapeutic 

responsiveness and limiting dose escalation in those patients who are not attaining 

targeted hemoglobin goals. Further studies, such as the CEDOSE (Clinical 

Evaluation of the DOSe of Erythropoietins) trial, in which the effects of fixed-dose 

ESA combinations are tested, should provide additional evidence as to whether the 

ESA dose itself or the targeted hemoglobin level mediates the increased risk of 

adverse renal and cardiovascular outcomes.
44

 Nevertheless, the lack of renal and 

cardiovascular protective effects despite increasing hemoglobin levels in the 

TREAT trial indicate that hemoglobin is a poor biomarker with which to follow the 

response of ESA therapy. 

 

C-reactive Protein 

In recent years, it has been postulated that chronic low-grade tissue inflammation 

may play a critical role in initiation and progression of atherosclerosis and diabetic 

renal and cardiovascular injury. Several studies have demonstrated that 

measurement of low-grade inflammatory biomarkers, among them high-sensitivity 

C-reactive protein (hs-CRP), improves cardiovascular risk stratification, particularly 

in those already at intermediate or high cardiovascular risk.
45-48

 The predictive 

ability of hs-CRP goes beyond cardiovascular risk prediction. Laaksonen et al. and 

Brantsma et al. have provided evidence that the presence of increased 

concentrations of hs-CRP in apparently healthy individuals is associated with 

increased risk for de novo type 2 diabetes.
49,50

 

Statin therapy has greatest effects in the presence of inflammation. 

Several studies show that statin therapy reduces hs-CRP.
51,52

 In trials of patients 

with coronary disease and acute coronary syndrome, the benefits of statin therapy 

relate at least in part to their effect on hs-CRP reduction.
53,54

 The recent JUPITER 

(Justification for the Use of Statins in Primary Prevention: An Intervention Trial 

Evaluating Rosuvastatin) trial was designed to study the effect of rosuvastatin in 
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people with LDL concentrations within reference intervals but increased hs-CRP 

concentrations. The trial showed that rosuvastatin lowered LDL cholesterol and hs-

CRP in the short-term and markedly lowered the long-term risk for cardiovascular 

events.
55

 In this trial rosuvastatin decreased the concentrations of both LDL 

cholesterol and hs-CRP. Thus it could not be established whether the reductions in 

hs-CRP or LDL or both (or another undiscovered biomarker) were the driving 

parameter for cardiovascular protection. A post hoc analysis recently provided 

further insight into this topic. This analysis demonstrated that in patients assigned 

to rosuvastatin who achieved LDL cholesterol of <1.8 mmol/L and hs-CRP of <2 

mg/L at 1 year had a substantially lower risk for cardiovascular events compared to 

those who achieved neither target or only the LDL cholesterol target concentration 

of <1.8 mmol/L (Table 1 and Figure 1).
56

 The correlation between the achieved 

LDL cholesterol and hs-CRP concentrations was small, indicating that only a small 

part of the achieved hs-CRP concentration could be explained by the achieved 

LDL cholesterol concentration. These data suggest that the extent to which statins 

lower hs-CRP and LDL cholesterol in the short term determines the degree of long-

term cardiovascular protection.  

As was the case for the post hoc analyses of albuminuria trials described 

above, the JUPITER trial did not provide direct evidence that monitoring of hs-CRP 

to guide the intensity of statin therapy resulted in improved cardiovascular 

outcomes. An alternative to the JUPITER design in which one group of patients is 

assigned to intensive hs-CRP targeting while the control group receives usual care 

would have provided direct evidence of the value of an hs-CRP targeted 

intervention approach. Until such data become available, the efficacy of improving 

health outcomes by using hs-CRP as a target is not proven.  

 

NT-proBNP 

Amino-terminal pro-B-type natriuretic peptide (NT-proBNP) is a biomarker of the 

cardiac response to volume overload. In the setting of increased volume 

expansion, the proBNP precursor is released and subsequently converted into 

active brain natriuretic peptide (BNP) and inactive NT-proBNP. Studies in patients 
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with diabetes and diabetic nephropathy have shown that NT-proBNP is an 

important prognostic marker for cardiovascular events and all-cause mortality. 

ACEi and ARB reduce plasma concentrations of NT-proBNP in post-

myocardial infarction and congestive heart failure patients. Anand et al. 

demonstrated that the ARB valsartan caused a sustained reduction in BNP within 4 

months of therapy. Individuals in whom BNP concentrations were attenuated 

during the first 4 months had markedly lower risk for long-term cardiovascular 

events than those in whom BNP rose during the first months of therapy (Figure 

1).
57

 The Steno-2 trial in patients with type 2 diabetes showed that intensive 

targeting of multiple cardiovascular risk factors reduced NT-proBNP during follow-

up compared to conventional therapy.
58

 Interestingly, the magnitude of NT-proBNP 

reduction during the first 2 years of treatment was associated with a reduction in 

cardiovascular risk during the subsequent 6 years of follow-up (Table 1).  

These results suggest that attenuating NT-proBNP levels in the short term 

improves long-term health outcomes. However, as mentioned above, such post 

hoc analyses do not provide direct evidence that an NT-proBNP targeted approach 

confers long-term renal and/or cardiovascular protection. A couple of RCTs have 

been conducted to test the hypothesis that an NT-proBNP targeted approach 

improves long-term cardiovascular outcomes. The earlier trials showed promising 

effects in terms of cardiovascular outcomes. However, these trials were performed 

in small populations and had limited duration of follow-up.
59,60

 Pfisterer et al. 

recently investigated an NT-proBNP guided strategy in a larger cohort of 499 heart 

failure patients in which approximately one third had diabetes.
61

 The trial failed to 

achieve significant differences in NT-proBNP concentrations between the 2 

treatment groups, although NT-proBNP concentrations were numerically lower in 

the targeted group. After 18 months, no cardiovascular benefit was observed in 

patients assigned to NT-proBNP-targeted therapy compared to those receiving 

conventional symptom-guided therapy. Thus, the value of specific targeting of NT-

proBNP on top of symptom guided therapy seems limited, at least in this population 

of patients with heart failure, despite the unquestionable diagnostic and prognostic 

significance of NT-proBNP. The question of whether an NT-proBNP targeted 
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approach confers renal or cardiovascular protection in other populations warrants 

further research. 

 

Targeting Multiple Biomarkers  

Because the etiology of diabetes is multifactorial, it has been suggested that a 

multifactorial approach targeting the various pathways involved in the pathogenesis 

of diabetes simultaneously would lead to more salutary long-term outcomes. One 

of the few studies in which the long-term effect of a multifactorial treatment strategy 

in type 2 diabetes was systematically evaluated is the Steno-2 trial.
3
 The intensive 

multi-factorial intervention consisted of pharmacological agents that targeted blood 

pressure, HbA1c, and lipid concentrations and behavioral modifications including 

smoking cessation and diet changes. After 4 years of follow-up, multifactorial 

intervention slowed the progression of nephropathy and retinopathy. In addition, 

the long-term follow-up data of this study demonstrated that patients assigned to 

intensive multifactorial intervention had a significantly lower risk for cardiovascular 

events and mortality, highlighting the importance of a multifactorial treatment 

regimen (Table 1).
62

 

A new class of oral glucose-lowering agents targeting multiple biomarkers 

is currently under development. These drugs are designed as selective inhibitors of 

the sodium-glucose cotransporter (SGLT2). The SGLT2 receptor mediates glucose 

(and sodium) reabsorption in the proximal tubule of the kidney.
63

 Randomized 

controlled trials have shown that blockade of the SGLT2 receptor increases urine 

glucose excretion and decreases HbA1c.
64

 Intriguingly, these drugs appear to have 

favorable effects on other renal and cardiovascular biomarker as well, including 

blood pressure and body weight reduction.
64

 Thus, multiple renal and 

cardiovascular biomarkers are targeted with a single drug. Supposedly, these 

multiple favorable effects result in substantial renal and cardiovascular protection. 

A couple of trials are currently underway testing the efficacy and safety of SGLT2 

inhibitors on renal and cardiovascular endpoints. The results of these trials are 

awaited. 
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Other Novel Biomarkers 

Besides the biomarkers discussed above, the effects of different pharmacological 

agents on other single biomarkers predicting cardiovascular and kidney disease 

have been tested. Several studies have shown that RAAS inhibiting therapy can 

modify biomarkers reflecting endothelial and tubular damage and inflammation.
65-71

 

Furthermore, metformin has been reported to lower inflammation biomarkers.
72

 

However, to the best of our knowledge, all these studies were performed in small 

populations with only limited duration of follow-up. Therefore, the impact of short-

term treatment-induced changes in these biomarkers on long-term hard renal and 

cardiovascular outcomes cannot be ascertained. Further studies are clearly 

warranted to test whether therapeutic interventions aimed at targeting these novel 

biomarkers afford long-term protection. If so, the clinical utility of these novel 

biomarkers in the management of diabetic renal and cardiovascular complications 

will increase. 

 

Conclusion 

Over the last 2 decades, a vast number of biomarkers that predict renal and 

cardiovascular complications have been discovered. However, few studies have 

systematically tested whether short-term treatment-induced changes in these 

biomarkers relate to long-term protection. Moreover, whether a targeted approach, 

directed at changing a panel of multiple novel biomarkers, will improve long-term 

renal and cardiovascular outcome remains an unanswered question. The examples 

of targeting single novel biomarkers, such as hemoglobin and NT-proBNP, have 

taught us that although a biomarker may have superior prognostic ability, such 

ability does not automatically indicate that specific targeting of and changing such 

a biomarker will improve long-term outcome. Thus, to establish the clinical utility of 

novel biomarkers in guiding treatment intensity, specific protocols must be 

developed and employed to demonstrate that targeting single (or multiple) novel 

biomarkers improves long-term health outcomes. 
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Abstract 

Objective Increased levels of serum uric acid (SUA) are thought to be an 

independent risk marker for cardiovascular complications. Treatment with the 

angiotensin-receptor-blocker (ARB) losartan lowers SUA in contrast to other ARBs. 

Whether reductions in SUA during ARB therapy are associated with cardiovascular 

protection is unclear. We aimed to investigate this. 

Method In a post hoc analysis of the RENAAL (Reduction of Endpoints in non-

insulin dependent diabetes mellitus with the Angiotensin II Antagonist Losartan) 

and IDNT (Irbesartan Diabetic Nephropathy) trials we determined whether the 

short-term effect of losartan and of irbesartan on SUA is related with long-term 

cardiovascular outcome by means of Cox regression. 

Results Compared to placebo, losartan significantly changed SUA (-0.16 mg/dL 

[95% CI, -0.01 - -0.30]; P = 0.03), whereas irbesartan did not (-0.09 mg/dL [95% 

CI, 0.09 - -0.28]; P = 0.3). Each 0.5 mg/dL decrement in SUA during losartan 

treatment in the first 6 months resulted in a reduction in the risk of cardiovascular 

outcomes by 5.3% (95% CI, 0.9 - 9.9; P = 0.017). Losartan reduced the risk of 

cardiovascular outcomes by 9.2% (95% CI; -7.9 - 23.6). Adjustment for the 6-

month change in SUA attenuated the treatment effect to 4.6% (95% CI; -16.2 - 

22.0), suggesting that part of the cardiovascular protective effect of losartan is 

attributable to its short-term effect on SUA. 

Conclusion Losartan but not irbesartan significantly lowers SUA compared to 

placebo in patients with type 2 diabetes and nephropathy. The degree of reduction 

in SUA explains part of the cardiovascular effect of losartan. This supports the 

hypothesis that SUA is a modifiable risk factor for cardiovascular disease, at least 

in type 2 diabetics with nephropathy. 
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Introduction 

Disease management in patients with diabetes is focused on targeting 

cardiovascular risk factors towards normalcy: HbA1c is targeted with antidiabetic 

agents, blood pressure with antihypertensive agents, mainly angiotensin-converting 

enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB), and cholesterol 

with statins. The magnitude of the short-term reduction in these established risk 

factors induced by treatment serves to monitor the effectiveness of the therapy to 

achieve long-term cardiovascular protection.  

In addition to these established risk factors, a number of studies have 

shown that increased serum uric acid (SUA) is also independently associated with 

increased risk of cardiovascular morbidity and mortality in patients with diabetes.
1-3

 

The independent association between SUA and cardiovascular outcome raises the 

possibility that interventions that reduce SUA are cardiovascular protective. Several 

drugs, registered for varying indications, have been shown to reduce SUA.
4
 Of 

interest in this respect is the ARB losartan, which reduces SUA through inhibition of 

urate reabsorption in the proximal tubule. This is a drug-specific effect and is not 

observed with other ARBs.
5
 Whether an initial reduction in SUA during treatment 

with losartan is associated with cardiovascular protection has not yet been 

documented. 

The aim of the present study was to assess whether the long-term 

cardiovascular protective effect of an ARB could be attributed to its short-term 

effect on SUA. To this end we used the data of two different hard-outcome trials in 

individuals with type 2 diabetes and nephropathy, one trial assessing the effect of 

losartan (SUA-lowering drug) and one trial assessing the effect of irbesartan (non-

SUA-lowering drug).  

 

Methods 

Study Design 

The present study was conducted in individuals participating in the Reduction of 

Endpoints in Non-insulin dependent diabetes mellitus with the Angiotensin II 
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Antagonist Losartan (RENAAL) or Irbesartan Diabetic Nephropathy Trial (IDNT) 

trial. Both randomized placebo-controlled trials had similar rationale, study design, 

and outcome.
6,7

 In brief, the overall aim of these trials was to test the efficacy of an 

ARB (losartan in RENAAL; irbesartan in IDNT) on renal (primary endpoint) and 

cardiovascular outcomes (secondary endpoint) in individuals with type 2 diabetes 

and nephropathy. The IDNT trial also included a calcium channel blocker 

(amlodipine) treatment arm, which was excluded from the current analysis. 

Inclusion criteria of both trials were similar and consisted of a diagnosis of type 2 

diabetes, presence of nephropathy, and age between 30 and 70 years. Individuals 

with insulin-dependent diabetes or renal disease not related to diabetes were 

excluded in both trials. Patients with unstable angina, myocardial infarction, 

cerebrovascular accident, cardiac artery bypass graft, or angioplasty occurring in 

the previous months before study entry were excluded, as were patients with heart 

failure. Concomitant therapy with ARB, ACEi or aldosterone antagonists was 

prohibited in either trial. All participants gave written informed consent. Both trials 

were approved by local medical ethics committees and conducted according to 

guidelines of the Declaration of Helsinki. 

 

Measurements and Outcomes 

During the study blood and urine samples were regularly collected for laboratory 

measurements, including SUA, HbA1c, serum creatinine, potassium, cholesterol, 

hemoglobin, and urine albumin-to-creatinine ratio (UACR). The present study 

focused on the change in SUA during ARB treatment. The change in SUA was 

defined as the difference between the baseline and 6-month value. The 6-month 

value was chosen because most cardiovascular risk markers were recorded at 6-

month, ARB treatment effects were considered fully present, and relatively few 

events occurred during the initial 6 months. The estimated glomerular filtration rate 

(eGFR) was calculated by the serum creatinine-based MDRD (Modification of Diet 

for Renal Disease study) equation.
8
  

 The primary endpoint in the present study was the original cardiovascular 

endpoint in both trials defined as the composite of myocardial infarction, stroke, 

hospitalization for heart failure, revascularization procedure or cardiovascular 
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death. Because both the RENAAL and IDNT trial showed that ARB treatment 

significantly reduced the incidence of hospitalization for heart failure, the 

association between an initial reduction in SUA and hospitalization for heart failure 

was assessed separately. All cardiovascular outcomes in both trials were 

adjudicated by an independent blinded committee using rigorous definitions. 

 

Data Analysis 

All patients with available baseline and 6-month SUA values were included in the 

present analysis. Mean SUA levels at each follow-up visit were calculated in the 

ARB and placebo group of the trials separately. The mean difference in the change 

in SUA between ARB and placebo treatment was assessed by a two-sided t-test. 

To determine which parameters were associated with a change in SUA at 6 

months, a multivariable linear regression model was used. Baseline characteristics 

as well as initial changes in systolic and diastolic blood pressure, HbA1c, UACR, 

and eGFR were included in the multivariable linear regression model. A backward 

selection procedure was applied for selection of covariates for the final model (α = 

0.1). 

The impact of a change in SUA on cardiovascular outcomes was assessed 

by a Cox regression model. The multivariable Cox regression model was adjusted 

for age, sex, baseline values of SUA, UACR, eGFR, hemoglobin, blood pressure, 

diuretic use and treatment assignment and 6-month changes in blood pressure, 

UACR, and eGFR. Because UACR had a skewed distribution, a logarithmic 

transformation of UACR was required to obtain the most optimal fit.  

To test the contribution of SUA on the ARB treatment effect, SUA up to 6-month 

was used as a continuous time-varying covariate in a Cox regression model. The 

proportion of the ARB effect explained by SUA was calculated as the difference 

between the ARB effect before and after adjustment for changes in SUA.
(9)

 All 

analyses were conducted with STATA version 11 (STATA statistical Software, 

Texas, USA). Descriptives are shown as mean with standard deviation, or median 

with interquartile range according to normal or skewed distributions. A two-sided P 

value ≤0.05 indicated statistical significance. 
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Results 

In the present study, a total of 2,387 patients (90% of all ARB or placebo assigned 

patients) with baseline and 6-month SUA data available were included. As shown 

in Table 1, all biomarkers at baseline were well balanced between the placebo and 

ARB treatment groups of both the RENAAL and IDNT trials. Mean SUA was 6.7 ± 

1.7 mg/dL among patients in the RENAAL trial and 6.8 ± 1.9 mg/dL in the IDNT 

trial.  

Figure 1 shows the mean SUA levels during follow-up in the RENAAL and 

IDNT trials separately. In the RENAAL trial, SUA increased to 6.89 mg/dL in the 

placebo group, whereas it remained 6.73 mg/dL during the initial 6 months in the 

losartan group, resulting in a mean group difference of 0.16 mg/dL (95% CI, 0.01 - 

0.30 mg/dL; P = 0.03; Figure 1). From 6-month and on, the level of SUA increased 

both in the placebo and losartan group. The SUA level started to rise at 6 months 

in the losartan group. The ‘apparent’ fall observed beyond 36 months in the 

placebo group is likely to be attributable to ‘drop-out’ of patients in the placebo 

group with high SUA levels. In the IDNT trial, SUA increased to 7.33 mg/dL in the 

placebo group during the initial 6 months, which was comparable with the increase 

to 7.22 mg/dL observed in the irbesartan-treated group resulting in a nonsignificant 

mean group difference of 0.09 mg/dL (-0.09 - +0.28 mg/dL; P = 0.3; Figure 1 and 

Table 2).  

The effect of losartan on uric acid appeared to be independent of other 

patient characteristics. In a multivariable regression analysis, adjustment for 

baseline characteristics and 6-month changes in these characteristics, most 

notably changes in UACR and eGFR, treatment with losartan was independently 

associated with a reduction in SUA at 6-month (P <0.001).  

Because treatment with losartan reduced SUA compared to placebo, we 

further explored the relationship between a 6-month change in SUA and the risk of 

subsequent cardiovascular outcomes in the RENAAL trial. Figure 2 shows the risk 

for adverse cardiovascular outcome and hospitalization for heart failure according 

to the distribution of 6-month change in SUA. After controlling for baseline 

characteristics and changes in risk factors we observed an almost linear  



 

 

Table 1. Baseline characteristics of the RENAAL and IDNT population. 
 

Characteristics of patients with available baseline and 6-month SUA measurements are shown. Values for continuous variables are given as mean ± 

standard deviation or median (25
th
 - 75

th
 percentile); values for categorical variables given as number (percentage). 

Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ARB angiotensin receptor blocker; BP, blood pressure; CCB, calcium channel blocker; eGFR, 

estimated glomerular filtration rate; UACR, urine albumin-to-creatinine ratio 

 

 RENAAL  IDNT 

 Placebo  

(n = 664) 

Losartan  

(n = 678) 

 Placebo  

(n = 519) 

Irbesartan  

(n = 526) 

Age (y) 60.2 ± 7.6 60.0 ± (7.3)  58.3 ± 8.2 59.2 ± 7.1 

Male sex 421 (63) 422 (62.2)  370 ± 71.3 345 ± 65.6 

Systolic BP (mmHg) 153 ± 20 152 ± (19)  158 ± 20 160 ± 19 

Diastolic BP (mmHg) 82 ± 11 82 ± (10)  87 ± 11 87 ± 11 

Total cholesterol (mg/dL) 228 ± 56 226 ± (55)  226 ± 61 227 ± (53) 

HbA1C (%) 8.4 ± 1.6 8.5 ± (1.6)  8.2 ± 1.8 8.1 ± 1.7 

Uric Acid (mg/dL) 6.74 ± 1.7 6.73 ± (1.7)  6.83 ± 1.9 6.81 ± 1.8 

Hemoglobin (mg/dL) 12.4 ± 1.8 12.5 ± (1.8)  13.0 ± 1.9 13.0 ± 1.9 

UACR (mg/g)  1261 (568-2475) 1168 (538-2540)  1508 (755-2682) 1456 (799-2791) 

eGFR (mL/min/1.73m
2
) 39.8 ± 12.7 39.5 ± (11.8)  48.2 ± 18.5 46.8 ± 17.1 

Serum creatinine (mg/dL) 1.9 ± 0.5 1.9 ± (0.5)  1.7 ± 0.6 1.7 ± 0.5 

Concomitant medication      

ACEi or ARB 329 (49.6) 368 (54.3)  248 (47.8) 243 (46.2) 

β blocker 122 (18.3) 128 (18.9)  99 (19.1) 93 (17.7) 

CCB 484 (72.9) 488 (72.0)  202 (38.9) 208 (39.5) 

Diuretic 384 (57.8) 394 (58.1)  241 (46.4) 245 (46.6) 
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Figure 1. Mean SUA levels during follow-up in the RENAAL (upper graph) and IDNT (bottom graph) 

trials. The bars indicate the standard error of the mean. The numbers under the graph indicate the 

number of patients with available measurements.  
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Figure 2. Histogram of the 6-month change in SUA in the RENAAL trial. The straight line in the upper 

graph represents the risk for cardiovascular outcomes as a function of the 6-month change in SUA. The 

straight line in the bottom graph shows the risk of hospitalization for heart failure as a function of the 6-

month change in SUA. The grey area represents the 95% confidence interval. 
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relationship between the 6-month change in uric acid and risk for adverse 

cardiovascular outcomes as well as risk for hospitalization for heart failure. Each 

initial 0.5 mg/dL reduction in SUA was independently associated with a reduction in 

the risk of subsequent cardiovascular outcomes of 5.3% (0.9 - 9.9%; P = 0.017) 

and hospitalization for heart failure of 11.6% (4.7 - 18.8%; P = 0.001).  

To investigate whether the effect of losartan on cardiovascular outcomes 

can be explained by its short-term effect on SUA, we assessed the impact of a 

reduction of SUA on losartan’s effect on cardiovascular outcomes. Adjustment of 

the cardiovascular treatment effect of losartan for 6-month change in SUA 

attenuated the effect from 9.2% (-7.9 - +23.6%) to 4.6% (-16.2 - +22.0%), 

suggesting that part of the cardiovascular protective effect of losartan is attributable 

to its effect on SUA. The treatment effect of irbesartan on cardiovascular outcomes 

in the IDNT trial was 12.1% (-8.3 - +28.6%). Adjustment of the treatment effect of 

irbesartan on cardiovascular outcomes for its effect on SUA marginally attenuated 

the cardiovascular protective effect to 11.0% (-11.4 - +28.9%). 

 

Discussion 

The present study demonstrates that losartan compared with placebo reduced 

SUA in patients with diabetes and nephropathy. This effect appeared to be a drug 

specific effect because the ARB irbesartan did not have such an effect. The 

reduction in SUA during the initial six months was in turn associated with a 

reduction in risk for subsequent cardiovascular events, independently of other 

cardiovascular risk factors. The short-term effect of losartan on SUA appeared to 

explain a substantial part of its overall treatment effect on cardiovascular events. 

A number of epidemiological studies have indicated that increased SUA is 

a strong predictor of cardiovascular outcome in the diabetic population, 

hypertensive population and general population.
1-3,10-14

 In patients with type 2 

diabetes, higher SUA concentrations were independently associated with a 

significant increase in the incidence of stroke
2
. An Italian diabetes cohort study 

demonstrated that each increment in SUA increased the risk of cardiovascular 

mortality by 27%, independent of other cardiovascular risk factors.
1
 These studies 
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imply that SUA may help in cardiovascular risk stratification beyond traditional 

cardiovascular risk factors. Although the majority of the studies suggest that SUA is 

an independent risk factor for cardiovascular complications, it should be noted that 

not all studies are in agreement. A longitudinal population based study of patients 

with type 2 diabetes showed that SUA is not an independent risk factor for 

cardiovascular-mortality.
15

 The reasons for the discrepant findings may be 

attributed to the different study populations with varying cardiovascular risk profiles 

and the different confounding cardiovascular risk factors considered in the data 

analyses. There is some evidence that reductions in SUA, induced by drugs with 

varying indications, result in cardiovascular protection. In patients with 

hypertension and left ventricular hypertrophy, treatment with losartan attenuated 

the increase in SUA as observed with atenolol treatment.
13

 The effect of losartan 

on SUA contributed in turn to its ultimate cardiovascular protective effect. 

Moreover, data from a prospective small scale randomized controlled trial in 

patients with chronic kidney disease demonstrated that after 23 months of follow-

up, treatment with allopurinol reduced SUA and decreased the incidence of 

cardiovascular events by more than 50% (P = 0.04).
16

 On the other hand, some 

drugs increase SUA, of which diuretics are best known, which may dampen the 

cardiovascular protective effect. Indeed, in the Systolic Hypertension in the Elderly 

Program (SHEP) trial, the cardiovascular protective effect of chlorthalidone was 

restricted to those individuals who did not develop hyperuricemia.
17 

 

The hypouricemic effects of losartan are attributable to its action on the 

Urate Transporter 1 (URAT1) located on the brush border membranes of the renal 

proximal tubule 
18

 URAT1 is the key component in the tubular reabsorption of SUA 

from lumen to cytosol. Time-course studies have indicated that the parent molecule 

of losartan itself, rather than its active metabolite is responsible for the inhibition of 

URAT1 leading to uricosuria.
19-21

 

SUA increased in the placebo arm over time and started to increase in the 

losartan treatment arm after 6 months. A number of factors may explain the rise in 

SUA. Firstly, in the RENAAL trial, renal function declined with approximately 5 

mL/min/1.73m
2
 per year. It is possible that the fall in eGFR over time explains, at 

least in part, the rise in SUA during prolonged follow-up. Secondly, concomitant 
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medication may have influenced SUA during follow-up. It could be possible that 

increased diuretic therapy during follow-up, required to achieve blood pressure 

targets, explains the rise in SUA. Indeed, the proportion of patients receiving a 

diuretic increased from 58% at baseline to 71% at 6-month and to 84% at the time 

of the primary renal endpoint in the RENAAL trial. However, it should be 

emphasized that the proportion of patients receiving diuretics was similar between 

the placebo and losartan group at baseline, 6-month, and at the end of the trial, 

which makes it unlikely that concomitant diuretic use has biased the data analyses. 

Finally, the increase in SUA could be explained by a diminished effect of losartan 

on SUA during prolonged therapy. A previous study has shown that the 

hypouricemic effects of losartan wane during prolonged treatment, suggesting that 

the hypouricemic effects of losartan are less pronounced once a new SUA steady 

state has been reached.
22

 

The association of change in uric acid after 6-month treatment seems 

stronger for heart failure than for cardiovascular morbidity and mortality. SUA has 

been associated with increased vascular stiffness and pulse wave velocity.
23

 If a 

reduction in SUA would translate into decreases in vascular stiffness and pulse 

wave velocity, this could play a role in the stronger association of changes in SUA 

with heart failure. High SUA may also be a marker for asymptomatic heart failure 

with subclinical decreases in cardiac output resulting in less circulating volume 

perceived by the kidneys. To maintain adequate organ perfusion, there will be an 

increased tendency for renal tubular reabsorption of sodium, water, and uric acid, 

which may result in a net increase in SUA concentration.
24,25

 In this regard, 

treatment-induced decreases in SUA may be more strongly associated with 

decreases in extracellular volume than with decrease in tendency for development 

of atherosclerosis and atherothrombosis, and thereby have a stronger association 

with benefit for heart failure than with benefit for cardiovascular outcome. It should 

be emphasized that the RENAAL and IDNT were not designed to study the 

mechanisms between changes in SUA and cardiovascular outcomes or 

hospitalization for heart failure and as a result our speculations cannot be 

substantiated by empirical data. 



77 
 

An Initial Reduction in Uric Acid During ARB Treatment is Associated with Cardiovascular Protection 

Strength of the present study was that analyses were not restricted to the 

effects of losartan, but also included a second ARB, irbesartan, which did not 

change SUA over time. In doing so, we confirmed that the hypouricemic effect of 

losartan is not a class-specific but instead is a drug-specific effect. A couple of 

limitations should be addressed as well. First of all, this is a post-hoc analysis of 

randomized controlled trial data. Because our analyses were not based on 

randomized data anymore, we cannot exclude residual confounding despite our 

multivariable adjusted analyses. Baseline and 6-month SUA values were based on 

single measurements. Therefore, the change in SUA could be biased by regression 

to the mean. However, the fact that we adjusted our multivariable analyses for 

baseline uric acid and the fact that the 6-month uric acid (residual uric acid) 

remained a predictor for cardiovascular outcomes suggests that regression to the 

mean as an explanation for our findings is less likely. Moreover, initial changes in 

SUA in the IDNT trial were not associated with long-term cardiovascular 

complications which preclude the possibility of a regression to the mean 

phenomenon. Finally, by recruiting only individuals with diabetes and nephropathy, 

the results cannot be extrapolated to other patient populations.  

Losartan significantly lowers SUA compared to placebo in patients with 

type 2 diabetes and nephropathy. This effect was not observed with irbesartan in a 

similar patient population. The magnitude of the initial reduction in SUA during 

losartan treatment is linearly associated with a lower risk of cardiovascular 

complications and explains part of the cardiovascular effect of losartan. This 

supports the hypothesis that in patients with type 2 diabetes and nephropathy SUA 

may be a modifiable risk factor for cardiovascular disease. 
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Abstract 

Background: Antihypertensive drugs are developed and registered on the basis of 

blood pressure lowering efficacy combined with safety. However, their long term 

use aims at preventing cardiovascular morbidity and mortality. It becomes 

increasingly clear that antihypertensive drugs have multiple off-target effects that 

may contribute to its efficacy on cardiovascular outcomes. The aim of the present 

analysis was to assess whether a multiple risk parameter response outcome 

(PRE)score, incorporating the drug’s short-term on-target and off-target effects, 

better predicts the ultimate renal/cardiovascular protection than changes in single 

on-target or off-target effects. 

Methods: Data were used from individuals with type 2 diabetes and nephropathy 

participating in the RENAAL or IDNT trials. A PRE score was developed by 

multivariable Cox regression analysis in the placebo arm of RENAAL and was then 

applied to the baseline and month-6 measurements of the ARB treatment arm of 

RENAAL to predict renal or cardiovascular risk. The net risk difference at these 

time-points after correction for placebo effects indicated the estimated long-term 

drug effect. Subsequently, the obtained PRE score was validated in the IDNT trial. 

Findings: Changes in systolic blood pressure predicted relative risk reductions 

significantly different from the actual observed risk reduction in RENAAL, both for 

renal (5.7%, vs 21.8%, respectively), and cardiovascular outcomes (3.0%, vs 9.2%, 

respectively). However, drug efficacy estimation with the PRE score, that 

incorporated many off-target effects, did not statistically significantly differ from the 

actual risk reduction both for renal (30.1% (95% CI 10.8-49.5) vs 21.8% [6.5-34.5]; 

P = 0.44) and cardiovascular outcomes (9.4% [1.9-17.0] vs 9.2% [-7.6-23.6], P = 

0.98]. Validation of the PRE score in IDNT also accurately predicted the renal 

(26.6% [14.3 - 38.9] vs 26.0% [6.4 - 41.5] P = 0.95) and cardiovascular treatment 

effect (7.9% [1.3 - 14.5] vs 11.9% [-8.4 - 28.5] P = 0.67).  

Interpretation: A PRE score based on month-6 changes in on-target and off-target 

risk markers performs better in estimating effects of antihypertensive drugs on hard 

renal and cardiovascular outcomes than any change in single on-target or off-target 

risk markers. 
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Introduction 

The ultimate public health goal of antihypertensive therapy is to reduce the risk of 

cardiovascular morbidity and mortality.
1
 Antihypertensive drugs are, however, not 

registered based on their efficacy to reduce the risk of renal or cardiovascular 

events, but are developed and registered based on their blood pressure lowering 

capacity. To this end, the effect of the drug on blood pressure is established in 

short-term studies and is subsequently used to estimate the potential long-term 

renal or cardiovascular protective effect using external data. This process assumes 

firstly that the drug effect on blood pressure (the on-target risk factor) is directly 

associated with a reduction in the risk of renal or cardiovascular complications, and 

secondly, that the drug does not influence other risk factors (off-target risk factors) 

that influence renal or cardiovascular events either positively or adversely. The 

latter assumption has however been challenged by several studies and reviews.
2-4

 

The Losartan Intervention For Endpoint reduction (LIFE) trial showed that 

the Angiotensin Receptor Blocker (ARB) losartan exerted equal blood pressure 

lowering effects as the β-blocker atenolol but conferred superior cardiovascular 

protective effects.
2
 The Irbesartan Diabetic Nephropathy Trial (IDNT) showed that 

the ARB irbesartan conferred additional renal protective effects compared to the 

Calcium Channel Blocker amlodipine at equal blood pressure control.
3
The 

Renoprotection of Optimal Anti-proteinuric Dose (ROAD) trial showed that a supra-

maximal dose of losartan improves the anti-albuminuric response and conferred 

markedly more renoprotection at similar blood pressure control compared with 

losartan at the maximally recommended blood pressure dose.
5
 These studies 

suggest that antihypertensive drugs, in these examples ARBs, exert additional 

beneficial effects on renal or cardiovascular risk factors, so called off-target effects, 

which contribute to the ultimate long-term effect of the drug. It has, however, also 

been shown that administration of antihypertensive drugs can induce changes in 

risk factors, such as increasing serum potassium, which in fact may increase the 

risk for renal/cardiovascular outcome, thus counteracting the beneficial effects of 

these drugs.
6-8

 This implies that only focusing on blood pressure, the on-target risk 

factor, may result in a misleading impression of the drug’s protective efficacy. We 
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hypothesize that knowing the short term effect of an antihypertensive on all 

renal/cardiovascular risk markers would allow the composition of a response score 

that better predicts the long term effect of such a drug on the ultimate 

renal/cardiovascular outcome. This may have major consequences for drug 

development, drug registration, and individual patient care and highlights the 

necessity to identify those off-target effects.  

 The aim of the present analysis was firstly to identify off-target effects of an 

ARB and assess the impact of the off-target effect on the ARB’s 

renal/cardiovascular efficacy. Secondly, we aimed to construct a multiple risk 

parameter response outcome (PRE) score based on the short-term (6 months) on-

target and off-target effects of ARBs in order to estimate the effect of the drug on 

long term renal/cardiovascular morbidity and mortality. Thirdly, we compared the 

accuracy of ARB efficacy estimates based on the multiple PRE score with scores 

based on single on-target or off-target risk markers. Finally, we validated the 

accuracy of the PRE score in a separate different trial dataset and in a different 

antihypertensive drug class.  

 

Methods 

Study Design 

Data were used from the Reduction of Endpoints in NIDDM with the Angiotensin II 

Antagonist Losartan (RENAAL) and IDNT trials. The rationale, study design and 

outcomes for these trials have been previously published and were almost 

similar.
3,9-11

 In brief, the overall aim of the trials was to assess the impact of an 

ARB on hard renal (primary endpoint) and cardiovascular outcomes (secondary 

endpoint) by testing losartan 100 mg/day vs placebo in the RENAAL trial and 

irbesartan 300 mg/day vs placebo in the IDNT trial. Individuals in the IDNT trial 

could also be randomly assigned to the calcium channel blocker (CCB) amlodipine 

10 mg/day. Inclusion criteria for both trials were presence of type 2 diabetes, 

nephropathy, and age between 30 and 70 years. Individuals with insulin dependent 

diabetes or renal disease not related to diabetes were excluded in both trials. All 

participants gave written informed consent. Both trials were approved by local 
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medical ethics committees and conducted according to the guidelines of the 

declaration of Helsinki. 

 

Measurements 

In both RENAAL and IDNT, a range of renal and cardiovascular biomarkers were 

measured at baseline and at 6 months intervals thereafter. We designate the term 

biomarker throughout this article for parameters like blood pressure, cholesterol, 

calcium, and phosphate, irrespective whether they are causally related to 

cardiovascular morbidity or mortality. All biomarkers collected at baseline and 

month 6 were used to create the PRE score. All measured biomarkers at month 6 

were selected because we did not know a priori which biomarkers would change 

during ARB therapy and secondly to exclude any potential bias as a result of 

biomarker selection. Changes in on-target and off-target biomarkers after ARB 

treatment were calculated as the difference between the baseline and the 6-month 

value. 6-month values were chosen because most parameters were available at 6-

month and ARB treatment effects were considered fully present. Because total 

cholesterol, hemoglobin, serum albumin, calcium, and phosphate were not 

measured at month 6 in the RENAAL trial, 12-month values were used.  

 

Renal and Cardiovascular Outcomes 

The primary outcome for the present analysis was defined as a composite of a 

confirmed doubling of serum creatinine from baseline (DSCR), serum creatinine > 

6.0 mg/dL (in the IDNT trial), or end-stage renal disease (ESRD). The latter was 

defined as chronic dialysis or renal transplantation. The secondary cardiovascular 

outcome was another endpoint for the present study which was defined in both 

trials as the composite of myocardial infarction, stroke, hospitalization for heart 

failure, revascularization procedures or death related to cardiovascular disease. All 

renal and cardiovascular events were adjudicated by an independent blinded 

committee using rigorous definitions.  
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Model Development 

A risk score was developed by estimating the relation between single or multiple 

biomarkers and renal or cardiovascular outcomes in the placebo group of the 

RENAAL trial. The single and multiple risk estimates were subsequently applied to 

the baseline and 6-month measurements of the ARB treatment arm to predict renal 

or cardiovascular risk at both time points. The difference in the estimated risk at 

these time-points in the placebo arm was subtracted from the difference in 

estimated risk in the ARB arm. In doing so we obtained single or multiple PRE 

scores that indicate the long-term renal or cardiovascular risk change conferred by 

ARB treatment, based on either changes in single or multiple biomarkers. To test 

the validity of this approach, the obtained single or multiple PRE scores were 

compared with the actual observed renal or cardiovascular outcomes of the trials. 

Any model shows too optimistic performance from the dataset from which it is 

developed. The risk response scores were therefore externally validated by 

developing the scores in the RENAAL trial and testing them in the IDNT trial. To 

further establish the external validity, the PRE score, developed in the RENAAL 

trial, was used to estimate the renal and cardiovascular effect of the CCB 

amlodipine in the IDNT trial. 

 

Model Evaluation 

The methodology to develop the PRE score assumes that the association between 

biomarkers at baseline and renal or cardiovascular events in the placebo group is 

similar as the association between single or multiple risk markers at 6-month and 

renal or cardiovascular events during ARB therapy. To verify the validity of this 

assumption, we determined whether 6 months ARB treatment modified the 

association between biomarkers and renal or cardiovascular events. We did not 

detect an interaction between the biomarkers and ARB treatment for the renal or 

cardiovascular outcome as tabulated in Table 1. This indicates that ARB treatment 

did not modify the association between single or multiple biomarkers and renal or 

cardiovascular events. Imputation of missing data yielded essentially similar results 

as the main analyses.  
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Statistical Analysis 

Mean and standard deviation were provided for 6-month changes in biomarkers 

and statistical significance for the between group difference was determined based 

on a two-sided t-test. Univariable and multivariable Cox proportional hazard 

regressions were used to determine the relationship between baseline biomarkers 

in the placebo treatment arm and renal or cardiovascular outcome. For individuals 

who experienced more than one renal or cardiovascular event during follow-up, 

survival time to the first relevant endpoint was used in each analysis. Participants 

were censored at their date of death or, for those still alive at the end of follow-up, 

the date of their last clinic visit before the termination of the trials. The multivariable 

Cox analysis included the following biomarkers, systolic blood pressure, urine 

albumin-to-creatinine ratio (UACR), potassium, hemoglobin, uric acid, HbA1c, total 

cholesterol, Body Mass Index, calcium, phosphate, and albumin.  

 

Table 1: ARB therapy during 6 months did not modify the association between biomarker and renal or 

CV outcome in the RENAAL trial. Similar results were obtained in the IDNT trial (data not shown). 

 Renal outcomes  CV outcomes 

 β-coefficient P value  β-coefficient P value 

Systolic BP* treatment 0.01 0.54  0.01 0.32 

Log UACR* treatment 0.10 0.74  0.25 0.07 

Potassium* treatment 0.43 0.30  -0.07 0.78 

Hemoglobin* treatment -0.13 0.35  0.04 0.60 

Uric acid* treatment 0.12 0.42  0.06 0.46 

HbA1c* treatment 0.30 0.09  0.02 0.82 

Cholesterol* treatment -0.01 0.24  0.00 0.61 

BMI* treatment 0.02 0.63  0.03 0.25 

Albumin* treatment -0.73 0.28  -0.48 0.19 

Calcium* treatment 0.10 0.84  0.18 0.51 

Phosphate* treatment 0.85 0.03  0.04 0.84 

Multiple* treatment -0.71 0.51  0.70 0.19 

†Treatment variable indicates whether patients received losartan or placebo 

Abbreviations: BP, blood pressure; CV, cardiovascular; UACR, urine albumin-to-creatinine ratio 

 

Bootstrap methods were applied, repeating the entire modeling with 1000 

independent random samples with replacement, to take into account the variability 

of the point estimates of the regression coefficients of the components of the single 
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and multiple risk scores. To determine the actual observed effect of losartan or 

irbesartan on renal/cardiovascular outcomes, the dichotomous treatment variable 

was used in a Cox regression model and the relative risk reduction was calculated 

as (1- hazard ratio) multiplied by 100%. Bootstrap methods, based on 1000 

replications, were also used to derive the 95% confidence interval of the difference 

between the actual observed and predicted treatment effect. The difference 

between the predicted and observed treatment effect was tested by means of two-

sided t-tests. We verified normal distribution of the predicted treatment effect and 

performed log-transformation if required. Time-dependent Cox regression analysis 

was used to assess the interaction between treatment and biomarkers at baseline 

in the placebo group or 6-month biomarkers in the ARB treatment group with 

renal/cardiovascular outcomes. A two-sided P value of 0.05 indicated statistical 

significance. Analyses were conducted with R 2.14.1 (R Project for Statistical 

Computing www.r-project.org).  

 

Results 

Baseline characteristics between the ARB and placebo groups in the RENAAL trial 

were well balanced.
11

 Losartan significantly changed multiple off-target renal or 

cardiovascular biomarkers beyond blood pressure. Relative to placebo, losartan 

decreased UACR, total cholesterol, hemoglobin, and uric acid, it increased 

potassium, calcium, albumin, and body mass index, while it had no effect on 

Hba1C and phosphate (Figure 1). 

 

Estimated renal and cardiovascular treatment effect by single and multiple PRE 

scores 

During 3.4 years of follow-up 489 renal and 515 cardiovascular events were 

recorded in the RENAAL trial. Treatment with losartan resulted in a relative renal 

risk reduction of 21.8% (95% CI, 6.5 - 34.5%; P = 0.007) and a relative 

cardiovascular risk reduction of 9.2% (95% CI -7.9 - 23.6%; P = 0.27), as 

represented by the horizontal line in Figure 2
A
 and 2

B
. Single biomarkers either  
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Figure 1: Change in biomarkers after 6 months placebo, ARB, or CCB treatment in the RENAAL and 

IDNT trials.  
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significantly underestimated or overestimated the actual observed drug effect on 

renal and cardiovascular outcomes (Figure 2
A 

and 2
B
). In particular, the 6-month 

change in blood pressure, induced by the antihypertensive ARB, significantly 

underestimated the renal and cardiovascular outcome (difference between 

estimated and actual risk reduction was 16.0% for renal and 6.2% for 

cardiovascular outcome). The multiple PRE score (using all biomarker changes at 

6-month) predicted a 3.4 years renal risk reduction of 30.1% (95% CI, 10.8 - 

49.5%). This came close to the observed risk reduction (P = 0.44 for the difference 

in the estimate). The PRE score predicted a 9.4% (95% CI, 1.9 - 17.0%) 

cardiovascular risk reduction which was again nearly equal to the observed 

cardiovascular risk reduction (P = 0.98 for the difference in the estimate; Figure 2
A 

and 2
B
). 

 

External Validation of the PRE score in a separate trial database 

To test the validity of the PRE score we applied it to an external separate trial 

database, the IDNT trial, to estimate the treatment effect of the ARB irbesartan on 

renal and cardiovascular outcomes. Irbesartan caused similar directional changes 

in renal or cardiovascular biomarkers as losartan although the magnitude of these 

changes varied compared with losartan (Figure 1). When we entered the 

irbesartan induced changes in multiple renal or cardiovascular biomarkers in the 

PRE score, developed in RENAAL, the PRE score estimated a 26.6% (95% CI 

14.3 - 38.9%) relative renal risk reduction which was nearly equal to the observed 

relative renal risk reduction of 26.0% (6.4 - 41.5%; P = 0.95 vs predicted drug 

effect; Figure 3
A
). The PRE score estimated a relative cardiovascular risk 

reduction with irbesartan of 7.9% (1.3 - 14.5%) which did not significantly differ 

from the observed cardiovascular risk reduction of 11.9% (-8.4 - +28.5 %; P = 0.67; 

Figure 3
B
). 

Development of the PRE score in the IDNT trial and application to the irbesartan 

arm of IDNT or losartan arm of the RENAAL trial yielded essentially similar results 

in that the estimation of the observed treatment effect based on the multiple risk 

response score outperformed scores based on single biomarkers (Supplemental  
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Figure 2. Observed and predicted long-term relative renal and cardiovascular risk change (%) based on 

single and multiple PRE scores. Figure A displays the results for renal outcome and Figure B displays 

the results for cardiovascular outcome. The actual observed treatment effect is indicated by the solid 

line. The predicted treatment effect based on single and multiple PRE scores are shown by the vertical 

bars. The PRE score was developed in the RENAAL trial and applied to the baseline and month-6 

values of the placebo and losartan treatment arm of the RENAAL trial. 
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Figures 1 and 2). A sensitivity analysis using changes in biomarkers at month 12 

provided similar results. 

 

External Validation of the PRE score to Another Antihypertensive Drug Class 

To further establish the external validity of the PRE score, we assessed whether 

the PRE score accurately predicted the treatment effect of the CCB amlodipine on 

renal and cardiovascular outcomes in the IDNT trial. Amlodipine decreased blood  

pressure and potassium compared to placebo at month 6, but did not change other 

biomarkers (Figure 1). Based on the 6-month change in blood pressure alone (the 

on-target parameter) a renal risk reduction was predicted whereas the observed 

renal risk tended to increase with amlodipine (Figure 4
A
). The PRE score 

estimated a 5.0% (95% CI, -6.6 - 16.6%) relative renal risk increase which did not 

differ from the observed renal risk increase of 11.3% (-10.3 - 38.0%; P = 0.56 vs 

predicted drug effect; Figure 4
A
). The PRE score estimated a relative 

cardiovascular risk reduction with amlodipine of -1.3% (-4.5 - +1.8%) which did not 

significantly differ from the actual observed cardiovascular risk reduction of -14.6% 

(-30.9 - 5.5%); P = 0.14; Figure 4
B
). 

 

Discussion 

We confirmed that the ARB losartan exerts multiple off-target effects in individuals 

with type 2 diabetes and nephropathy. These off-target effects are either positively 

or negatively associated with renal/cardiovascular morbidity or mortality. In 

addition, we showed that only using the short-term change in blood pressure, the 

on-target effect of this antihypertensive agent, cannot capture the ultimate effect of 

losartan on renal/cardiovascular morbidity or mortality. In contrast, the PRE score, 

based on short-term drug responses of all (available) on-target and multiple off-

target biomarkers, is accurate in predicting the ultimate long-term drug effect on 

renal or cardiovascular outcomes and performs significantly better than any single 

on-target or off-target biomarker, also in external datasets. 

Often drugs change other biomarkers than the one they are targeted to, so 

called off-target effects. We demonstrated that the antihypertensive agent losartan  



95 

The Importance of Short-Term Off-Target Effects in Estimating Renal and Cardiovascular Protection 

 
 

Figure 3 Validation of the PRE score in the IDNT trial. Figure A displays the results for renal outcome 

and figure B the results for cardiovascular outcome. The PRE score is developed in the RENAAL trial 

and applied to the baseline and month 6 measurements of the irbesartan and placebo arm of the IDNT 

trial. The renal and cardiovascular protective effect based on the short-term change in systolic blood 

pressure (the on-target parameter) is indicated by the light grey bar left. The PRE score based drug 

effect on renal and cardiovascular outcomes is shown by the grey bar in the middle. The actual 

observed drug effect on renal and cardiovascular outcomes in the IDNT trial is indicated by the dark 

grey bar on the right.  
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does not only lower blood pressure, but also reduces urine albumin excretion, 

hemoglobin, uric acid, and cholesterol, and increases serum potassium, calcium, 

and albumin. Importantly, these different biomarkers vary in their response to the 

drug: blood pressure may decrease whereas potassium does not change or the 

other way around,
12,13

 and each of these different drug responses are associated 

with renal or cardiovascular morbidity or mortality change.
6,14-16

 It is therefore not 

surprising that a combination of changes in on-target and off-target multiple 

biomarkers more accurately captures the long-term drug effect than changes in 

single on-target or off-target biomarkers.  

The blood pressure lowering effect of losartan markedly underestimated 

the renal/cardiovascular protective effects of these drugs despite the fact that these 

drugs are developed and registered as antihypertensive drugs. Recent trials have 

shown that this phenomenon is not limited to ARBs, but is applicable to other 

antihypertensive drugs or drug-combinations,
17-20

 and even extends to other drugs 

used in cardiovascular risk management as well,
21-23

 as recently reviewed.
24

 Taken 

together, these trials exemplify that the magnitude of renal or cardiovascular 

protection conferred with antihypertensive agents, or other drugs used to decrease  

cardiovascular risk, cannot always be determined from their on-target drug effect 

but depends on the composite effect on all on-target and off-target biomarkers. Of 

note, while in the ARB example the observed renoprotective effect is larger than 

estimated from blood pressure alone, in the CCB example the actual 

renoprotective effect is less than estimated from blood pressure alone. The latter 

situation has been observed for other drugs as well. For example, in the case of 

rosiglitazone, the actual long-term cardiovascular drug effect is less than estimated 

from the reduction in HbA1c.
21,25

  

The PRE score uses multiple risk parameters as is done in many other risk 

estimation engines like the Framingham, UKPDS, or more recent ADVANCE risk 

engine. What is the advantage of the PRE score? Traditional risk engines in 

patients with diabetes such as the UKPDS or the more recent ADVANCE risk 

engine only include traditional cardiovascular risk factors and are based on a 

minimal number of readily available clinical lab parameters to predict individual 

prognosis.
26,27

The PRE score is based on many other biomarkers that are  
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Figure 4: Validation of the PRE score in the IDNT trial for the CCB amlodipine. Figure A displays the 

results for renal outcome and figure B the results for cardiovascular outcome. The PRE score is 

developed in the RENAAL trial and applied to the baseline and month 6 measurements of the 

amlodipine and placebo arm of the IDNT trial. The renal and cardiovascular protective effect based on 

the short-term change in systolic blood pressure (the on-target parameter) is indicated by the light grey 

bar left. The PRE score based drug effect on renal and cardiovascular outcomes is shown by the grey 

bar in the middle. The actual observed drug effect of amlodipine on renal and cardiovascular outcomes 

in the IDNT trial is indicated by the dark grey bar on the right. 
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influenced by drug therapy and determine the outcome of the individual, thus 

increasing the accuracy of the estimates. Indeed, models based on blood pressure, 

Hba1c and cholesterol alone only predicted ~10% renal and ~2% relative 

cardiovascular risk reductions in the RENAAL trial. In addition, the PRE score does 

not include age and sex as they are non-modifiable.  

The present study may have implications for drug development, drug 

registration and individual patient care. As far as drug development is concerned, a  

multiple on-target and off-target PRE score enables more accurate drug efficacy 

assessment on renal/cardiovascular morbidity and mortality by evaluating the 

short-term effect of the drug on a prefixed set of biomarkers. This will then help to 

determine which drugs have the potential to reach the market in early stages of 

drug development, even before long-term trials are conducted. Novel tools to better 

estimate drug efficacy is highly needed because attrition rates in late phase drug-

development are still approximately 50% and are mostly attributable to drug 

inefficacy (66%).
28

 As far as drug registration is concerned, drugs are registered 

based on the target of interest. The on-target effects are well measured, recorded 

and evaluated, whereas the off-target drug effects are usually measured as safety 

biomarkers in trials, meaning less rigorous measurements. The PRE score requires 

that all biomarker effects are measured rigorously. A multiple PRE score including 

on-target and off-target drug effects will have the advantage to enable more 

accurate drug efficacy assessment, which can guide the drug regulator to make 

well informed decisions about drug marketing authorization. Finally, the PRE score 

may offer the physician and the patient a better tool to estimate the overall 

prescribed drug effect on long-term outcomes. In case the PRE score has not 

changed sufficiently after starting medication, decisions can be made to increase 

the dose or change the drugs guided by the single components of the PRE score. 

This could make the PRE score particularly relevant for the patient-clinician 

dialogue. 

Several aspects of the model should be considered. As with many 

prediction analyses, the model depends on the biomarkers measured in the trials. 

A PRE score consisting of multiple laboratory parameters accurately predicted 

long-term renal and cardiovascular drug effects. Nevertheless, we cannot exclude 
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that additional biomarkers that offset each other were not incorporated in the model 

and we have only used all biomarkers that were measured in these trials. 

Secondly, the underlying assumption of the model is that the relation between a 

biomarker and renal or cardiovascular outcome is not modified by drug treatment. 

In other words, the relation between a cardiovascular and outcome in the placebo 

group is similar to the relation between a cardiovascular and outcome after 6 

months ARB treatment. We verified the correctness of this assumption in our 

analyses. Thirdly, the accuracy of the PRE score depends of the background 

database such as its size, event rate, its accuracy, and the variation in the levels of 

multiple biomarkers. The current analyses were derived from the placebo arm of 

the RENAAL trial. This can be improved by increasing the placebo treated 

background database. The PRE score is applied to ARB and CCB treatment in 

patients with diabetes and nephropathy. No inferences can be made about the 

performance of the score to predict long-term effects of other drugs in other 

disease areas. Fourthly, the trials were not sufficiently powered to detect 

statistically significant treatment effects on cardiovascular outcomes, compromising 

the precision of the observed and predicted cardiovascular treatment effects. In 

particular, the amlodipine arm in the IDNT trial was merely used to ascertain blood 

pressure independent effects of irbesartan.
10

 The trial was not powered to detect 

significant treatment effects of amlodipine, which may explain the lack of precision 

in the effect size. Yet, the PRE score estimates of amlodipine showed no effect on 

the renal or cardiovascular outcomes which were in line with the observed 

treatment effects. Strengths of this study are the large size of the trials, the 

availability of many biomarkers at baseline and after 6 months follow-up, the 

validation of the score in a separate independent population, and the similarity of 

the predicted and observed effect sizes.  

 In conclusion, measuring only the short-term blood pressure effect of ARB 

treatment, the on-target parameter, may result in misinterpretations in estimating 

the long-term renal and cardiovascular protective effect. This can have major 

impact on drug registration, individual patients, and society. The PRE score based 

on multiple on-target and off-target biomarkers is accurate in predicting the long-

term outcome of ARB in patients with diabetes and nephropathy. This may not only 
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apply for the studied drugs. Future studies should be directed towards other drugs 

and indications with known off-target effects. 
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Supplemental Figure 1A and 1B: PRE score development in the IDNT trial and application to the 

baseline and month 6 measurements of the placebo and irbesartan treatment arm of the IDNT trial 

(figure A renal outcomes; figure B cardiovascular outcomes).  

  

A: PRE score for renal outcomes developed in IDNT and

applied to IDNT

E
s
ti
m

a
te

d
 r

is
k
 c

h
a
n
g
e
 (

%
)

-50

-40

-30

-20

-10

0

10

20

Observed risk change -26% (-42 to -6%)

E
s
ti
m

a
te

d
 r

is
k
 c

h
a
n
g
e
 (

%
)

B: PRE score for CV outcomes developed in IDNT and 

applied to IDNT

-20

-15

-10

-5

0

5

Observed risk change -12% (-28 to +8%)



102 

 

Chapter 5  

Supplemental Figure 2A and 2B: Validation of the PRE score in the RENAAL trial by applying the 

IDNT developed PRE score to the baseline and month 6 measurements of the placebo and losartan 

treatment arm of the RENAAL trial (figure C renal outcomes; figure D cardiovascular outcomes). 
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Abstract 

Introduction We recently developed and validated in existing trials a novel 

algorithm (PRE score) to predict long-term drug efficacy based on short term 

(month-6) drug-induced changes in multiple biomarkers. To show the value of the 

PRE score for ongoing and planned clinical trials, we here report the predicted 

long-term cardio-renal efficacy of aliskiren in type 2 diabetes, which was 

investigation in the ALTITUDE trial, but unknown at the time this study was 

conducted. 

Methods We established the relation between multiple biomarkers and cardio-

renal endpoints (as defined in ALTITUDE) using a background database from past 

clinical trials. The short-term effect of aliskiren on multiple biomarkers was taken 

from the AVOID trial. A PRE score was developed by multivariable Cox regression 

analysis in the background population and was then applied to the baseline and 

month-6 measurements of the aliskiren treatment arm of the AVOID trial to predict 

cardio-renal risk. The net risk difference at these time-points, after correction for 

placebo effects, was taken to indicate the estimated long-term cardio-renal risk 

change. 

Results Based on the PRE score, we predicted that aliskiren treatment in 

ALTITUDE would confer a relative risk change of -7.9% [95% CI -2.5 - -13.4%] for 

the cardio-renal endpoint, a risk change of -5.1% [-1.2 - -9.0%] for the 

cardiovascular endpoint, and a non-significant risk change of -19.9% [-42.1 - 

+2.1%] for the renal endpoint.  

Conclusions PRE score estimations suggested that aliskiren has only a marginal 

additive protective effect on cardio-renal endpoints in patients with type 2 diabetes. 

These predictions were validated by the results of the ALTITUDE trial, confirming 

the potential of the PRE score to prospectively predict drug efficacy on cardio-renal 

outcomes. 
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Introduction 

Cardiovascular risk engines like Framingham, SCORE, and UKDPS take into 

account multiple biomarkers to predict cardiovascular risk. In contrast, predictions 

of drug efficacy are typically based on a single biomarker (e.g. blood pressure, 

cholesterol) to estimate the long-term cardiovascular protection afforded by the 

drug, although drugs are known to affect multiple biomarkers.
1
 

We have recently developed a novel algorithm based on short-term drug-

induced changes in multiple biomarkers, so-called multiple risk Parameter 

Response Efficacy (PRE) score, to predict the long-term effect of a drug on cardio-

renal outcomes. The score has been validated in a post-hoc environment using 

data from already completed clinical trials.
2
 To show the value of the PRE score for 

predicting drug efficacy of ongoing and planned clinical trials, we here report 

predictions of the long-term renal and cardiovascular drug efficacy of the direct 

renin inhibitor aliskiren on top of optimal treatment with an angiotensin converting 

enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB) in patients with type 

2 diabetes and nephropathy. Whether this combination provides additional cardio-

renal protection was investigated in the recently published ALTITUDE (Aliskiren 

Trial in Type 2 Diabetes Using Cardio-Renal Endpoints) trial,
3
 but unknown at the 

time this study was conducted.  

 

Methods 

General Approach 

PRE score predictions of the long-term cardio-renal effect of aliskiren were made in 

four steps. Firstly, we established the relation between biomarkers and cardio-renal 

endpoints. We used the identical cardio-renal endpoints as defined and recorded in 

ALTITUDE.
3
 The relation between biomarkers and cardio-renal endpoints was 

established in a background population with similar patient characteristics as the 

ALTITUDE individuals. The background population was derived from the RENAAL 

(Reduction of Endpoints in NIDDM with the AII Antagonist Losartan),
4
 IDNT 

(Irbesartan Diabetic Nephropathy Trial),
5
 and LIFE (Losartan Intervention For 



110 

 

Chapter 6 

Endpoint reduction in hypertension study) trial.
6
 Secondly, we determined the 

short-term (month-6) effect of aliskiren on multiple biomarkers using data from 

AVOID, a clinical trial testing the effect of aliskiren on surrogate outcomes.
7
 We 

relied on data from the AVOID trial because month-6 biomarker changes in 

ALTITUDE were not available. Thirdly, we predicted the cardio-renal protective 

effect of aliskiren in ALTITUDE by estimating cardio-renal risk reductions that could 

be expected on the base of on observed short-term biomarker changes in AVOID. 

Fourthly, because short-term biomarker changes may be different between 

ALTITUDE and AVOID, we performed sensitivity analyses for aliskiren’s cardio-

renal protective effect. More specifically, we estimated the changes in biomarkers 

that would be necessary to establish a 15% risk reduction for which the trial was 

powered, a non-significant risk reduction, and a no risk reduction at all (the null 

effect). 

 

Background Database   

The background population consisted of individuals with type 2 diabetes, who had 

similar characteristics to the individuals participating in the ALTITUDE trial. To 

match the background population with the ALTITUDE population, we selected all 

individuals who were treated with ARBs, had an estimated glomerular filtration rate 

(eGFR) >25 mL/min/1.73m
2
,
 

and systolic blood pressure <160 mmHg. The 

background population consisted of 1,125 individuals who were followed for 48 

months and experienced 282 cardio and 135 renal events. Their characteristics did 

not differ from the ALTITUDE baseline characteristics (Table 1), except that 

albuminuria was somewhat higher in the background population. 

We constructed in the background database identical cardio-renal 

endpoints as defined and recorded in ALTITUDE. The primary cardio-renal 

endpoint in ALTITUDE was defined as the first occurrence of cardiovascular death, 

resuscitated death, non-fatal myocardial infarction, stroke, unplanned 

hospitalization for heart failure, onset of end-stage renal disease, or a doubling of 

serum creatinine concentration from baseline. The secondary endpoints in 

ALTITUDE comprised the renal and cardiovascular components of the primary 

composite endpoint. 
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Table 1: Population characteristics of the background and the ALTITUDE population.
15

 

Values for continuous variables given as mean ± standard deviation or median (IQR); values for 

categorical variables given as number (percentage). 

Abbreviations: ACR, albumin to creatinine ratio; BMI, body mass index; BP, blood pressure; eGFR, 

estimated glomerular filtration rate IQR, inter quartile range; NA, not available.  

 

 

 

 

Background population 

matched with ALTITUDE 
 ALTITUDE population 

Trial    

LIFE (N) 324  - 

RENAAL (N) 431  - 

IDNT (N) 370  - 

Age (y)  62 (56 - 67)  65 (58 – 72) 

Male sex 727 (64.6)  5851 (68.0) 

Race    

White 780 (69.3)  4873 (56.6) 

Black 142 (12.6)  280 (3.3) 

Hispanic 93 (8.3)  NA 

Asian 87 (7.7)  2726 (31.7) 

Other  23 (2.0)  703 (8.2) 

Systolic BP (mmHg)  140 (131 – 149)  135 (126 – 150) 

Diastolic BP (mmHg)  80 (72 – 86)  74 (67 – 81) 

eGFR (mL/min/1.73m
2
) 49.8 (36.3 - 70.6)  51.7 (41.9 - 64.9) 

eGFR ≥60 mL/min/1.73m
2
 386 (34.3)  415 (36.0) 

eGFR ≥45 to <60 mL/min/1.73m
2
 273 (24.3)  3024 (35.1) 

eGFR ≥30 to <45 mL/min/1.73m
2
 331 (29.4)  2574 (29.9) 

eGFR <30 mL/min/1.73m
2
 135 (12.0)  220 (2.6) 

Plasma glucose (mg/dL)  183 (76)  NA 

HbA1c (%)  8.3 (7.3 - 9.5)  7.5 (6.6 - 8.6) 

Total cholesterol (mg/dL)  211 (181.2 - 243.2)  170 (143 – 197) 

ACR (mg/g) 402 (53 – 1133)  199 (56 – 886) 

ACR <20 mg/g 183 (16.3)  1240 (14.4) 

ACR 20-200 mg/g 204 (18.2)  2210 (25.7) 

ACR >200 mg/g 739 (65.6)  5012 (58.2) 

BMI (kg/m
2
) 29.7 (26.4 - 33.8)  29.1 (25.7 - 33.2) 

Uric acid (mg/dL)  6.4 (1.9)  6.5 (0.6) 

Hemoglobin (g/dL) 13.3 (11.8 - 14.5)  13.0 (11.9 – 14.3) 

Potassium (mmol/L) 4.5 (4.2 - 4.9)  4.5 (4.2 - 4.8) 
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Short-Term Effect of Aliskiren on Biomarkers   

We used the AVOID trial, that included a similar population to ALTITUDE, to 

establish aliskiren-induced changes in multiple biomarkers. AVOID was a clinical 

trial designed to assess the anti-albuminuric effect of aliskiren in addition to 

losartan 100 mg/day. The trial enrolled individuals with type 2 diabetes, 

hypertension, and macroalbuminuria, who were randomly assigned to aliskiren 300 

mg/day or matched placebo for 24 weeks. The primary results have been reported 

elsewhere.
7
 

  

Biomarker Selection 

To estimate drug effects of aliskiren on cardio-renal outcomes, we included all 

biomarkers available in AVOID at baseline and week 24. The relation between 

biomarkers and the cardio-renal endpoint was established in the background 

population. All biomarkers collected at baseline and month 6 in the background 

population and in the AVOID trial were used. We selected all measured biomarkers 

at both time-points to exclude any potential bias as a result of biomarker selection, 

because we did not know a priori which biomarkers would change during ARB 

therapy. 

 

Statistical Analysis 

Univariable and multivariable Cox proportional hazard regression models were 

used to determine the risk score between single or multiple biomarkers and the 

cardio-renal endpoints in the background population. The multivariable Cox 

analysis included the following biomarkers: systolic blood pressure, urine albumin-

to-creatinine ratio (UACR), serum potassium, hemoglobin, serum uric acid, blood 

glucose, total cholesterol, and body mass index (BMI). We verified the existence of 

a non-linear relationship between single biomarkers and outcome based on 

goodness of fit using Akaike’s information criterion. Serum potassium and systolic 

blood pressure displayed a non-linear fit. These biomarkers were therefore 

modeled with Harrell’s restricted cubic spline fit in the Cox regression models for 

the cardio-renal endpoint and cardiovascular endpoint alone. A restricted cubic 

spline for both serum potassium and systolic blood pressure with three knots 
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produced the optimal fit and was used in all models. To take into account the 

variability of the point-estimates of the regression coefficients of the components of 

the single and multiple risk scores, a standard bootstrap procedure was applied, 

repeating the entire modeling with 1000 independent random samples. 

To predict the treatment effect, the obtained risk score was applied to the 

baseline and week-24 measurements in AVOID, in order to estimate cardio-renal 

risk change between both time-points. The difference in the estimated risk at these 

time-points, adjusted for the difference in estimated risk change in the placebo arm, 

represented the PRE score and indicated the relative long-term cardio-renal risk 

change conferred by aliskiren treatment. We checked normal distribution of the 

predicted treatment effects and performed log-transformation if required. Some 

patients had missing biomarker values in AVOID. In a sensitivity analysis we 

imputed missing observations by multiple imputation techniques using linear 

regression models.  

Previous studies have shown that systolic blood pressure, UACR, and 

potassium are significantly affected by blockade of the renin-angiotensin-

aldosterone (RAAS) system.
8,9

 Given the importance of these biomarkers and the 

possibility that observations in ALTITUDE may differ from those in AVOID, we 

performed additional sensitivity analyses in which we estimated the changes in 

multiple biomarkers that would be necessary to establish a 15% risk reduction, a 

non-significant risk reduction, or no risk reduction (the null effect) of aliskiren on the 

cardio-renal endpoint (HR = 1.00). The 15% risk reduction was chosen because 

the ALTITUDE trial was powered to detect a 15% risk reduction. Simulations were 

computed by shifting the distribution of the response. A two-sided P value ≤0.05 

indicated statistical significance. Analyses were conducted with R 2.14.1 (R Project 

for Statistical Computing www.r-project.org).  

 

Results 

The effects of aliskiren on various biomarkers in AVOID after 24-weeks therapy are 

shown in Figure 1. Relative to placebo, addition of aliskiren to ARB therapy 

decreased systolic blood pressure, UACR, total cholesterol, and hemoglobin. 
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Figure 1: Change in biomarkers after 24 weeks placebo or aliskiren treatment in the AVOID trial 
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Aliskiren increased serum potassium, while it had no effect on BMI, blood glucose, 

and uric acid. These short-term biomarker effects were entered into the PRE score 

to predict risk changes of aliskiren on the cardio-renal endpoint. Based on the 

marginal reduction in systolic blood pressure, the PRE score predicted no risk 

change for the cardio-renal endpoint or its cardiovascular or renal component 

(Figure 2; left bar). Based on the decrease in UACR, the PRE score predicted 

substantial and significant risk reductions, while the increase in serum potassium 

and decrease in hemoglobin resulted in risk increases. Changes in other 

biomarkers resulted in marginal and statistically insignificant risk changes. Based 

on the multiple PRE score, which combines all biomarker effects, we predicted that 

aliskiren treatment in ALTITUDE would confer a relative risk change of -7.9% (95% 

CI, -2.5 - -13.4%) for the cardio-renal endpoint (Figure 2
A
), a risk change of -5.1% 

(95% CI, -1.2 - -9.0%) for the cardiovascular endpoint, and a non-significant risk 

change of -19.9% (95% CI, -42.1 - +2.1%) for the renal endpoint (Figure 2
B
 and 

2
C
). Imputation of missing values in AVOID yielded similar results. 

Repeating the entire analysis, using simulated data, revealed that aliskiren 

should decrease blood pressure by at least 5 mmHg, and UACR by at least 30%, 

and should not increase serum potassium more than 0.2 mmol/L in order to 

achieve 15% cardio-renal risk reduction (Figure 3, blue line). Aliskiren shows no 

effect on the cardio-renal endpoint (HR = 1.00) when there is no reduction of blood 

pressure, <8% change in UACR and >0.85 mmol/L increase in serum potassium 

(Figure 3,
 
purple line).  

 

Discussion 

Using the multiple risk Parameter Response Efficacy (PRE) score, we estimated 

that treatment with aliskiren on top of ACEi or ARB therapy will likely have a 

marginal additive cardio-renal protective effect in high-risk patients with type 2 

diabetes. These estimations indicate that treatment with aliskiren may not be as 

promising as expected in this patient population.  

The drug efficacy estimations on cardio-renal endpoints were computed 

before the results of the ALTITUDE trial were disseminated. Interestingly, the  
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Figure 2: Estimated relative risk change for the different endpoints based on single and multiple PRE 

scores 
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Figure 3: Simulations of biomarkers changes needed to achieve different cardio-renal risk change 
scenarios. Blue line: biomarker changes required to achieve a 15% cardio-renal risk reduction. Green 
line: biomarker changes as observed in the AVOID trial. Red line: biomarker changes resulting in a trial 
with a statically non-significant risk reduction. Purple line: biomarker changes resulting in no risk change 
(null effect). 
 
 
 

predicted lack of cardio-renal protection with aliskiren is in line with the recently 

published results of the ALTITUDE trial. These results validate the PRE score drug 

efficacy estimations. The ALTITUDE investigators expected that treatment with 

aliskiren on top of conventional antihypertensive treatment would afford a 15% 
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relative cardio-renal risk reduction.
3
 This expectation was based on previous 

studies showing that aliskiren reduces blood pressure and albuminuria,
10

 and that 

the reduction in these parameters is an important determinant for cardio-renal 

protection.
11

 However, single drugs have multiple effects, which may be on 

biomarkers that also contribute to long-term cardio-renal outcome, either in a 

positive or negative way. In case of aliskiren, it increases serum potassium and 

decreases hemoglobin, and these effects may be harmful in the long-term.
9,12

 In 

the ALTITUDE trial, more cases of hyperkalemia and acute renal impairment were 

observed, leading to early trial termination.
13

  

Thus, although aliskiren caused a reduction in blood pressure and 

albuminuria in ALTITUDE,
14

 the effect of aliskiren on other biomarkers (e.g. 

potassium, hemoglobin) have likely offset the beneficial effect of blood pressure or 

albuminuria reduction. The advantage of the PRE score is that it captures the drug 

effect on all biomarkers and thus may provide a more accurate estimate of the 

long-term drug effect than estimates based on single biomarkers such as blood 

pressure changes with aliskiren.  

What are the practical implications of our study? A PRE score, including 

drug induced changes in multiple biomarkers, is able to provide prospective insight 

into the long-term risk change that follows from treatment. Accurate PRE score 

based predictions may provide an early impression of the potential success or 

failure of costly and large-scale hard outcome trials. In doing so, the PRE score 

may prevent long-term exposure of many patients to ineffective or even harmful 

drugs. At the same time, PRE score predictions may inform pharmaceutical 

companies and drug regulators in early clinical development whether novel 

compounds have the potential to reach the market, while simultaneously facilitating 

clinical trial designs in late-stage clinical development. 

Several aspects of our model should be considered when interpreting our 

findings. Firstly, the model depends on the biomarkers measured and recorded in 

the background population. A PRE score accurately predicted the effect of aliskiren 

on cardio-renal endpoints. Nevertheless, we have only used all biomarkers that 

were measured in these trials and we cannot exclude that additional biomarkers 

that offset each other were not incorporated into the model. Secondly, the 
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underlying assumption of the model is that the relation between a biomarker and 

renal and cardiovascular outcome is not modified by drug treatment. In other 

words, the relation between a biomarker and outcome off-treatment is similar to the 

relation between biomarker and outcome on-treatment. We verified this assumption 

in the background population and found that the risk relation of a biomarker with 

outcome is similar on-treatment or off-treatment. Thirdly, we did not have 

information on short-term (month-6) biomarker changes in ALTITUDE. We 

therefore used the aliskiren-induced biomarker changes in AVOID and performed 

simulations to estimate changes in systolic blood pressure, UACR, and potassium, 

that would confer the expected 15% risk reduction, a non-significant risk reduction, 

or no risk reduction. As expected, the ultimate effect of aliskiren on cardio-renal 

outcomes changes with varying short-term drug effects on biomarkers. These 

analyses illustrate that the accuracy of the PRE score depends on the similarity of 

biomarker responses in different trials. Nevertheless, none of the observed 

biomarker changes in AVOID was substantial enough to reach the 15% relative risk 

reduction, suggesting that the expected effect size may have been too optimistic. In 

ALTITUDE the reduction in albuminuria at month-6 was 11%, which was markedly 

smaller to that observed in AVOID and came very close to the simulated null effect 

scenario. In all scenarios the albuminuria reduction was insufficient to overcome 

the harmful effects of changes in other off-target biomarkers.
14 

We here provide the first prospective drug efficacy estimation with the PRE 

score. The PRE score predicted that aliskiren confers modest additional cardio-

renal protective effects in high-risk patients with type 2 diabetes. These predictions 

are based on the expected aliskiren effect on multiple biomarkers in AVOID. The 

final efficacy results of the ALTITUDE trial confirm and validate the cardio-renal 

outcome predictions of the PRE score.  

 

  



120 

 

Chapter 6 

Acknowledgements 

We acknowledge the supportive role of all RENAAL, IDNT, LIFE, and AVOID
 

investigators, support staff, and participating patients. 

This work was performed as part of the Escher project (project nr. T6-202) within 

the framework of the Dutch Top Institute Pharma. 

  



121 
 

A Prediction of the Renal and Cardiovascular Efficacy of Aliskiren in ALTITUDE 

References 

1. Lambers Heerspink HJ, de Zeeuw D. Dual RAS therapy not on target, but fully 

alive. Nephron Clin Pract 2010;116(2):c137-42.  

2. Miao Y, Lambers Heerspink HJ, Parving HH, Lewis JB, de Zeeuw D. Short-term 

prediction of long-term renoprotective treatment effect: the advantage of a multiple 

biomarker-based efficacy score. American Society Nephrology 2011- Philadelphia 

USA 

3. Parving HH, Brenner BM, McMurray JJ, de Zeeuw D, Haffner SE et al. Aliskiren 

trial in type 2 diabetes using cardio-renal endpoints: rationale and study design. 

Nephrol Dial Transplant 2009 May;24(5):1663-71. 

4. Brenner BM, Cooper ME, de Zeeuw D, Grunfeld JP, Keane WF, Kurokawa K, et 

al. The losartan renal protection study--rationale, study design and baseline 

characteristics of RENAAL (Reduction of Endpoints in NIDDM with the Angiotensin 

II Antagonist Losartan). J Renin Angiotensin Aldosterone Syst 2000 Dec;1(4):328-

335.  

5. Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, et al. 

Renoprotective effect of the angiotensin-receptor antagonist irbesartan in patients 

with nephropathy due to type 2 diabetes. N Engl J Med 2001;345(12):851-860.  

6. Lindholm LH, Ibsen H, Dahlöf B, et al. Cardiovascular morbidity and mortality in 

patients with diabetes in the Losartan Intervention for Endpoint reduction in 

hypertension study (LIFE): a randomised trial against 

atenolol. Lancet 2002;359:1004-1010  

7. Parving HH, Persson F, Lewis JB, Lewis EJ, Hollenberg NK, AVOID Study 

Investigators. Aliskiren combined with losartan in type 2 diabetes and nephropathy. 

N Engl J Med 2008;358(23):2433-2446.  



122 

 

Chapter 6 

8. de Zeeuw D, Remuzzi G, Parving HH, Keane WF, Zhang Z, Shahinfar S, 

Snapinn S, Cooper ME, Mitch WE, Brenner BM. Proteinuria, a target for 

renoprotection in patients with type 2 diabetic nephropathy: lessons from RENAAL. 

Kidney Int. 2004;65(6):2309-20 

9. Miao Y, Dobre D, Heerspink HJ, Brenner BM, Cooper ME, Parving HH, et al. 

Increased serum potassium affects renal outcomes: a post hoc analysis of the 

Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan 

(RENAAL) trial. Diabetologia 2011;54(1):44-50.  

10. Oparil S, Yarows SA, Patel S, Fang H, Zhang J, Satlin A. Efficacy and safety of 

combined use of aliskiren and valsartan in patients with hypertension: a 

randomised, double-blind trial. Lancet 2007;370(9583):221-229.  

11. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the 

prevention of cardiovascular disease: meta-analysis of 147 randomised trials in the 

context of expectations from prospective epidemiological studies. BMJ 

2009;338:b1665.  

12. Keane WF, Brenner BM, de Zeeuw D, et al. The risk of developing end-stage 

renal disease in patients with type 2 diabetes and nephropathy: the RENAAL 

study. Kidney Int 2003;63(4):1499-507.  

13. European Medicines Agency starts review of aliskiren-containing medicines 

following termination of ALTITUDE study EMA/CHMP/989693/2011 

14. Parving HH, Brenner BM, McMurray JJ, de Zeeuw D, Haffner SM, Solomon 

SD, et al. Cardiorenal end points in a trial of aliskiren for type 2 diabetes. N Engl J 

Med 2012 Dec 6;367(23):2204-2213. 

15. Parving HH, Brenner BM, McMurray JJ, de Zeeuw D, Haffner SM, Solomon 

SD, Chaturvedi N, Persson F, Nicolaides M, Richard A, Xiang Z, Armbrecht J, 

Pfeffer MA; (on behalf of the ALTITUDE investigators). Baseline characteristics in 



123 
 

A Prediction of the Renal and Cardiovascular Efficacy of Aliskiren in ALTITUDE 

the Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal Endpoints (ALTITUDE). J 

Renin Angiotensin Aldosterone Syst. 2012 Sep;13(3):387-93



 

 

 

 

 



 

 

Chapter 7 

Summary and Future Perspectives 

 



126 

 

Chapter 7 

Summary 

Cardiovascular disease is still a leading cause of death.
1
 In order to improve 

cardiovascular outcome, development of novel drugs is warranted and the 

pharmaceutical enterprise is expected to provide an important contribution. In the 

last decades, many drugs were registered and authorized for clinical application. 

These drugs are targeted towards well-known cardiovascular risk factors like blood 

pressure or cholesterol, of which the reduction is assumed to be cardiovascular 

protective. To confirm that these drugs indeed provide cardiovascular protection, 

hard outcome trials are needed. These trials are commonly conducted at the end of 

a drug-development program or even post registration. In the latter case, the drug 

usually received marketing authorization based on surrogate outcome trials. The 

drug effect on the on-target risk factor is used to estimate the expected 

cardiovascular risk reduction, which determines whether conduction of a hard 

outcome trial is justified. This approach of estimating the potential cardiovascular 

protection by establishing the drug effect on the on-target risk factor is common in 

drug development and has led to the development of useful drugs.
2,3

 

However, during last years, a number of hard-outcome trials have been 

conducted after the drug entered the market, and in several cases these trials 

revealed that the drug effect on long-term cardiovascular outcome was not as 

expected based on its short-term effect on the on-target risk factor. The LIFE 

(Losartan Intervention For Endpoint reduction in hypertension study) trial tested the 

angiotensin receptor blocker losartan vs the beta blocker atenolol, both registered 

as blood pressure lowering drugs. The trial clearly showed that at prescribed 

dosages, losartan and atenolol had similar effects on blood pressure, while 

losartan was more effective in reducing cardiovascular morbidity and mortality.
4
 

The IDNT (Irbesartan Diabetic Nephropathy Trial) trial showed that the angiotensin 

receptor blocker irbesartan had additional benefits on long-term cardiovascular 

outcome compared to the calcium channel blocker amlodipine at equal blood 

pressure control. This suggests that the ultimate effect of angiotensin receptor 

blockers on long-term cardiovascular outcome cannot be explained by its short-

term effect on blood pressure alone.
5
 Post hoc studies conducted later-on have 
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demonstrated that angiotensin receptor blockers also have effects on albuminuria, 

conferring additional benefits on cardiovascular outcome, which could be 

considered as novel targets to provide cardiovascular protection.
6
 Given that RAAS 

blockade forms the mainstay therapy for cardiovascular protection and considering 

that that dual agent RAAS inhibition causes more complete blockage of the RAAS, 

which should provide additional renal and cardiovascular protection, the 

ONTARGET (Ongoing Telmisartan Alone and in Combination with Ramipril Global 

Endpoint) trial was conducted. The trial compared maximum doses of the 

combination of the angiotensin converting enzyme inhibitor ramipril and the 

angiotensin receptor blocker telmisartan vs the single agents in the other arms of 

the trial. Despite superior blood pressure reduction in the combination arm, no 

additional benefit was observed on long-term cardiovascular outcome and there 

was even a worsening in renal outcome.
7,8

 Consecutive studies have revealed that 

these unexpected findings could, at least partly, be attributed to either cases of 

excessive hyperkalemia, with hyperkalemia increasing cardiovascular risk and 

thereby offsetting the positive effects on blood pressure. Alternatively, or in 

addition, hypotensive effects may also have increased cardiovascular risk.
9-10

 

These cases exemplify that a compound may affect multiple biomarkers and that 

the single-biomarker approach, as being the current paradigm in drug 

development, may result in serious misinterpretations of the actual long-term 

treatment effect. A more optimal implementation of biomarkers during the drug 

development process could provide a more reliable impression of the efficacy and 

safety of drugs. In the current thesis novel methodologies were explored to improve 

incorporation of biomarkers during late phases of drug development. Biomarkers 

have several aspects which may contribute to improved evaluation of drug efficacy 

and safety.  

In Chapter 2, we have investigated whether biomarkers can aid to a more 

accurate identification of individuals who are at increased risk for development of 

cardiovascular complications, and would require protective treatment. Current 

guidelines prescribe that individuals in the general population should receive 

cardiovascular protective treatment in case their cardiovascular risks exceed a 

certain threshold, commonly 20%.
11

 To identify these individuals, current practice is 
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to assess traditional cardiovascular risk factors, including blood pressure, 

cholesterol, hba1c, etc.
12

 However, it may happen that an individual develops 

cardiovascular complications without (clear) evidence of any of the traditional 

cardiovascular risk factors.
13

 This implies that currently used cardiovascular risk 

factors do not sufficiently explain cardiovascular risk and that novel biomarkers 

may help to improve risk stratification. Several studies have revealed that the renal 

risk factors albuminuria and eGFR predict adverse cardiovascular outcome 

independently of the traditional cardiovascular risk factors in varying populations.
14-

17
 However, all these studies used an already diseased population which may have 

biased their results. We investigated whether the renal biomarkers have additive 

value on top of the traditional risk factors in a general population, by applying 

various methods to detect improved model performance. Based on statistically 

highly significant measures of improved model performance, we have 

demonstrated that albuminuria, but not eGFR, has additive value in cardiovascular 

risk stratification on top of traditional cardiovascular biomarkers in the general 

population. This implies that albuminuria aids in more appropriate identification of 

individuals at increased cardiovascular risk, while levels of the traditional 

cardiovascular risk factors are still in the normal range. This is not only important 

for cardiovascular risk stratification, but also for future clinical trials, because 

addition of albuminuria to inclusion criteria may help to create a larger target 

population, which can be included in the trial and may benefit from cardiovascular 

protective therapy. 

Although it is of value that a biomarker enables more accurate 

identification of individuals at increased cardiovascular risk who require protective 

treatment, one has to realize that measuring biomarkers may not only be useful to 

determine the cardiovascular risk of an individual, but to use it as a guidance for 

intensity of protective treatment. More specifically, insights must be obtained what 

biomarkers are affected during protective treatment on short-term, and to what 

extent these changes in biomarkers are dictating the long-term cardiovascular 

outcome. In Chapter 3 we reviewed the current state with respect to studies 

investigating the short-term effects of various drugs intervening in the RAAS on 

biomarkers, and to what extent these short-term effects translate into improved 
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long-term cardiovascular outcome in patients with diabetes. Our literature research 

has revealed that, despite that agents intervening in the RAAS affect a panel of 

biomarkers including TGF-β, hemoglobin, C reactive protein, NT-proBNP, which 

predict cardiovascular complications, only a few studies have tested whether these 

treatment induced changes are associated with long-term cardiovascular 

protection. The trials that were included in the studies we reviewed, showed that 

superior prognostic abilities of biomarkers do not unambiguously imply that a 

treatment induced change will improve long-term outcome. However, these results 

were mainly obtained in small populations with limited duration of follow-up. The 

evidence that a short-term change in biomarker translates into long-term protection 

comes from large clinical trials with long duration of follow-up. RENAAL, for 

instance, included many patients with type 2 diabetes and nephropathy which were 

followed for about 4 years. This trial convincingly showed that ARB losartan lowers 

UACR and that each 50% reduction in UACR was associated with an 18% 

reduction in cardiovascular events.
6
 In Chapter 4, we report that angiotensin 

receptor blocker losartan has a significant serum uric acid lowering effect in the 

same trial. This effect is specific for losartan due to its affinity for the URAT-1 

receptor in the renal proximal tubule, facilitating urine uric acid excretion, an effect 

which has not been observed for other angiotensin receptor blockers.
18

 High serum 

uric acid is associated with increased risk for cardiovascular morbidity and 

mortality, independently of traditional cardiovascular biomarkers, albuminuria, and 

low eGFR.
19-21

 In this study we aimed to assess whether reductions in serum uric 

acid during the initial 6 months of angiotensin receptor blocker therapy are 

associated with cardiovascular protection, by comparing the effects of the uric acid 

lowering angiotensin receptor blocker losartan with that angiotensin receptor 

blocker irbesartan, which does not result in lowering of uric acid. I found that 

reductions in serum uric acid during the initial 6 months were almost linearly 

associated with lower risk for cardiovascular complications. Furthermore, the 

reduction in serum uric acid explained a substantial part of the cardiovascular 

protective effect of losartan, which supports the hypothesis that serum uric acid is a 

modifiable risk factor for cardiovascular disease. 
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 Because angiotensin receptor blockers influence multiple biomarkers, 

which may affect the long-term cardiovascular outcome in opposing ways, we 

hypothesized that incorporating all off-target effects in combination with the on-

target effect would allow a more accurate estimation of the long-term outcome, as 

compared to focusing on the on-target effect alone. In Chapter 5 several off-target 

effects of angiotensin receptor blockers were identified, based on biomarker 

measurements in RENAAL and IDNT. Subsequently, a multiple parameter risk 

response (PRE)score was constructed, based on the short-term on-target and 

identified off-target effects, which was then compared with the observed treatment 

effect in both trials. In this study, I showed that incorporation of the short-term 

effect of angiotensin receptor blockers on multiple biomarkers results into an 

estimation of the long-term treatment effect, which does not significantly differ from 

the actually observed treatment effect. However, this study was conducted in a 

retrospective environment using data from already completed clinical trials. 

Therefore, the value of the PRE score for ongoing and planned clinical trials is not 

yet established and the PRE score should be validated prospectively. In Chapter 

6, we validated the PRE score by predicting the long-term effect of aliskiren on top 

of conventional RAAS inhibiting agents. Whether aliskiren provides additional 

cardiovascular protection was to date not established on large scale, but under 

investigation in the ALTITUDE (Aliskiren Trial in Type 2 Diabetes using Cardiorenal 

Endpoints) trial.
22

 The ALTITUDE trial was prematurely terminated, because 

excessive cases of hyperkalemia, worsening of renal function, and stroke were 

reported in individuals assigned to aliskiren.
23

 By applying the PRE score, we 

estimated that treatment with aliskiren would indeed not result in the additional 

long-term cardiovascular protection, in contrast to what was expected based on 

results from previous studies that only evaluated on-target effects. By confirming 

the negative study results, as reported by the final efficacy evaluation of 

ALTITUDE, we show that PRE score applications may result in an accurate 

impression of the long-term drug effect, already in early stages of drug 

development. 
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Conclusion  

In this thesis, novel methodologies were explored to improve biomarker use during 

late phases of drug development in order to facilitate drug efficacy evaluation. 

Results of this thesis have shown that biomarkers enable identification of 

individuals at elevated risk who require protective therapy. This implies that 

biomarkers may improve inclusion/exclusion criteria of clinical trials, facilitating 

drug efficacy evaluation in the appropriate group of patients. Furthermore, 

cardiovascular protective drugs exert multiple off-target effects on biomarkers, 

which may influence the long-term treatment effect in opposing ways. I have shown 

that the off-target effects of drugs should also be considered in monitoring 

cardiovascular protective therapy. Finally, incorporation of the on-target and off-

target effects in a multiple parameter risk response score results in a more 

accurate estimation of the drug long-term treatment effect, compared to estimation 

based on the on-target effect alone. These conclusions have major implications for 

drug development, drug registration and risk estimation and treatment of individual 

patients, which requires revising of the current drug development process. 

 From a drug development perspective, a single drug may exert effects on 

multiple biomarkers, which in turn affect long-term outcome. Currently, during the 

drug development process, off-target effects are only considered as side-effects. 

This means that less systematic and less rigorous measurement and evaluation is 

pursued as compared to the parameter of interest. In many examples I have 

illustrated that this approach may result in serious misinterpretations of the long-

term drug effect, potentially with market withdrawal as a consequence. These off-

target effects should also be considered in drug efficacy evaluation and a drug 

should not be registered based on its effect on a single biomarker, but on its 

composite effect on multiple biomarkers. Furthermore, incorporation of the on-

target and off-target effects enables to get prospective insight whether a drug has 

the potential to reach the market and will be successful after drug registration. This 

may prevent conduction of the costly hard outcome studies that are required to 

demonstrate that a drug improves long-term outcome in addition to earlier 
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demonstrated on-target effects. This may result in a reduction of the number of 

patients exposed to ineffective or even harmful drugs. 

 From a patient perspective, an integrated score including the on-target and 

off-target effects may offer the physician and the patient a more reliable tool to 

estimate and evaluate the overall prescribed drug effect on long-term outcomes. 

Changes in off-target effects may preclude adjusting or stopping treatment, despite 

absence of a substantial effect on the parameter of interest. This could be relevant 

for the patient-clinician dialogue. 

 

Future perspectives 

Although more optimal implementation of biomarkers during clinical trials has 

shown to improve accuracy of drug efficacy estimation, these results were only 

obtained using clinical trials investigating the effect of RAAS intervening drugs in 

patients with type 2 diabetes and nephropathy. Whether these results can 

therefore be extrapolated to drugs of other classes and to other populations needs 

to be considered in future research. More specifically, extrapolation of the PRE 

score to other antihypertensive drug classes, or other cardiovascular protective 

drugs, such as cholesterol lowering or blood glucose lowering drugs, are the first 

choice drug classes to validate the PRE score. 

Involvement of different stakeholders in the drug development process is 

critical to implement the PRE score in practice. Regulatory agencies (such as the 

Food and Drug Administration and the European Medicine Agency) are aware of 

bottlenecks in drug development and have proposed several solutions, which are 

laid out in the Roadmap initiative and the Innovative Medicine Initiative.
24-28

 

Although these agencies recognize the value of single valid surrogate endpoints as 

a basis for marketing authorization,
(29)

 assessment of drug effects on all biomarkers 

as a basis for long-term drug assessment and marketing authorization is a novel 

concept and not (yet) proposed. Clearly, close collaboration with pharmaceutical 

companies and regulatory agencies is critical to implement the PRE score in 

practice. 
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To assess usefulness of the PRE score for daily clinical practice and 

individual patients, the PRE score should be validated in a clinical trial in primary 

and secondary practice. To this end, health care providers should have access to 

the PRE score, for example via an internet tool, and receive PRE score estimates 

when drug regimen changes (either addition of new drugs or change in drug dose). 

To determine the additive value of the PRE score beyond care-as-usual, a clinical 

trial should be conducted in which primary health care providers are randomized to 

provide either the PRE score guided therapy, or the care-as-usual therapy. 

Widespread implantation of the PRE score would be supported, if patients 

assigned to the PRE score guided therapy have better survival compared to 

patients receiving care-as-usual. Availability of the PRE score to health care 

providers through an internet website should be the first step in implementation of 

the PRE score in clinical practice.  

 Application of the PRE score has the potential to facilitate drug 

development and drug registration more efficiently. However, prospective studies 

with different drugs from other classes in different populations are required to 

further validate the PRE score. If the promising results, obtained in this thesis, will 

be confirmed in such studies, it may support the implementation of the PRE score 

in drug development and registration.   
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Samenvatting 

Hart- en vaatziekten vormen momenteel nog steeds een belangrijke doodsoorzaak. 

Om de prognose van hart- en vaatziekten te kunnen verbeteren, is ontwikkeling 

van nieuwe geneesmiddelen nodig, waarbij een aanzienlijk aandeel van de 

farmaceutische industrie onontbeerlijk is. In de laatste decennia zijn er 

verscheidene geneesmiddelen geregistreerd en geautoriseerd met als doel het 

behandelen van de bekende cardiovasculaire risicofactoren (bloeddruk, 

cholesterol). Echter, het behandelen van cardiovasculaire risicofactoren is geen 

doel op zich, maar een middel om uiteindelijk cardiovasculaire bescherming te 

bereiken. Of dat daadwerkelijk gebeurt, moet worden aangetoond in harde 

eindpuntstudies, waarin wordt getest of een geneesmiddel de incidentie van harde 

klinische eindpunten (hartinfarct, cerebrovasculair accident, dood) weet te 

verlagen. Deze trials worden gewoonlijk uitgevoerd tegen het einde van het 

geneesmiddelontwikkelingstraject en soms zelfs na registratie, indien een 

geneesmiddel geautoriseerd kan worden op grond van positieve resultaten 

verkregen in een kleinere voorgaande studie. In dat geval wordt het effect van een 

geneesmiddel op de cardiovasculaire risicofactor gebruikt om de mate van 

cardiovasculaire bescherming op lange termijn te schatten. Dit moet uiteindelijk 

een rechtvaardiging vormen om later een harde eindpuntstudie uit te voeren. Deze 

benadering van het inschatten van cardiovasculaire protectie op basis van een 

geneesmiddeleffect op een enkele risicofactor is al jaren de standaard in het 

moderne geneesmiddelontwikkelingstraject en heeft in het verleden geleid tot 

verscheidene klinisch interessante geneesmiddelen. 

 In de laatste jaren hebben verscheidene harde eindpuntstudies, die 

uitgevoerd werden nadat het geneesmiddel al was geregistreerd, laten zien dat de 

uiteindelijke cardiovasculaire bescherming, zoals deze werd geschat op grond van 

het effect op de enkele risicofactor, niet overeenkwam kwam met het daadwerkelijk 

beschermende effect. In de LIFE (Losartan Intervention For Endpoint reduction in 

hypertension study) trial werd bijvoorbeeld getest of de angiotensine-II-antagonist 

losartan effectiever was in het verlagen van cardiovasculaire morbiditeit en 

mortaliteit in vergelijking met de bètablokker atenolol. Beide geneesmiddelen zijn 
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geregistreerd voor bloeddrukverlaging en de studie liet zien dat het 

bloeddrukverlagende effect van beide geneesmiddelen gelijkwaardig was. Aan het 

einde van de studie bleek echter dat deelnemers die waren gerandomiseerd op 

losartan een lagere incidentie hadden van cardiovasculaire complicaties in 

vergelijking met de deelnemers op atenolol. Een soortgelijke bevinding werd 

gedaan in de IDNT (Irbesartan Diabetic Nephropathy) trial: de angiotensine-II-

antagonist irbesartan was even effectief in het verlagen van bloeddruk als de 

calcium kanaal blokker amlodipine, maar patiënten die behandeld werden met 

irbesartan, hadden een significant betere overleving. Uit deze voorbeelden komt 

naar voren dat het cardiovasculair beschermende effect van angiotensine-II-

antagonisten niet verklaard kan worden door het effect op bloeddruk alleen, maar 

dat er meer gebeurt. Latere analyses hebben laten zien dat angiotensine-II-

antagonisten naast bloeddruk ook een aanzienlijk reducerend effect hebben op 

albuminurie en dat de cardiovasculaire risicoreductie als gevolg van het gebruik 

van angiotensine-II-antagonisten voor een belangrijker deel wordt verklaard door 

verlaging in albuminurie dan door bloeddruk. Op basis van deze resultaten zou 

men logischerwijs kunnen redeneren, dat het completer blokkeren van het Renine 

Angiotensine Aldosteron Systeem (RAAS) met twee geneesmiddelen een verdere 

daling van bloeddruk en albuminurie tot resultaat zal hebben, wat zou moeten 

leiden tot nog betere cardiovasculaire bescherming dan wanneer het RAAS wordt 

geblokkeerd met een enkel geneesmiddel. Met deze rationale werd de 

ONTARGET (Ongoing Telmisartan Alone and in Combination with Ramipril Global 

Endpoint) trial uitgevoerd, waarin de effecten van combinatietherapie, bestaande 

uit de ACE-remmer ramipril en de angiotensine-II-antagonist telmisartan, werden 

vergeleken met de effecten van beide geneesmiddelen afzonderlijk. Zoals 

verwacht hadden mensen die behandeld werden met combinatietherapie een 

grotere daling in bloeddruk en albuminurie, maar verrassend genoeg hadden zij 

geen significante verbetering op cardiovasculaire uitkomsten ten opzichte van 

mensen op monotherapie, en zelfs een verslechtering op renale uitkomsten. 

Vervolgstudies hebben aangetoond dat deze onverwachte bevindingen konden 

worden toegeschreven aan een overmaat aan gevallen van hyperkaliëmie en over-

regulatie van bloeddruk, die waarschijnlijk de positieve effecten van bloeddruk en 
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albuminurie daling teniet hebben gedaan. Het blijkt hieruit dat het bepalen van het 

geneesmiddeleffect op basis van een risicofactor, zoals dat tot op heden wordt 

gedaan, kan leiden tot ernstige misinterpretaties van het werkelijk te verwachten 

behandeleffect op lange termijn. Het implementeren van multipele biomarkers 

tijdens het geneesmiddelontwikkelingstraject zou theoretisch een beter beeld 

moeten kunnen geven van de effectiviteit en veiligheid van een geneesmiddel op 

lange termijn, waardoor situaties, zoals hierboven beschreven, voorkomen kunnen 

worden. In dit proefschrift hebben we een aantal nieuwe methodologieën verkend 

om optimaler gebruik te maken van biomarkers in verschillende stadia van het 

geneesmiddelontwikkelingstraject. 

 In hoofdstuk 2 hebben we onderzocht of biomarkers kunnen worden 

ingezet in het beter identificeren van mensen met verhoogd risico op 

cardiovasculaire complicaties, die voor behandeling in aanmerking komen. Huidige 

richtlijnen geven aan dat individuen in een algemene populatie behandeld dienen 

te worden, indien hun cardiovasculaire risico wordt geschat boven een bepaalde 

waarde, meestal gelegd op 20%. Deze schatting wordt doorgaans gebaseerd op 

de aanwezigheid van traditionele cardiovasculaire risicofactoren zoals bloeddruk, 

cholesterol, roken, etc. Echter, er zijn gevallen bekend waarin iemand 

cardiovasculaire complicaties heeft doorgemaakt, zonder dat er sprake was van 

een verhoogd cardiovasculair risico op grond van de traditionele risicofactoren. Dit 

betekent dat het bepalen van de traditionele risicofactoren niet voldoende is om 

cardiovasculaire risico te kunnen schatten en dat er behoefte is aan nieuwe 

biomarkers die geïmplementeerd kunnen worden. Biomarkers die verlaagde 

nierfunctie aangeven zouden mogelijk geschikte kandidaten zijn. Verscheidene 

studies hebben laten zien dat mensen met verlaagde nierfunctie een verhoogd 

risico hebben op cardiovasculaire complicaties en dat hoogte van albuminurie en 

glomerulaire filtratie snelheid (GFR) bepalend is voor cardiovasculair risico. 

Meerdere onderzoeken hebben ook aangetoond dat albuminurie en GFR 

cardiovasculaire complicaties kunnen voorspellen, maar het overgrote merendeel 

van deze resultaten zijn verkregen in populaties met bepaalde karakteristieken 

zoals ouderen en type 2 diabeten met verlaagde nierfunctie. Dit kan in belangrijke 

mate de interpretaties omtrent de voorspellende kwaliteiten van de renale 
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biomarkers hebben vertroebeld, doordat de nierfunctie van begins af aan al laag 

was. Daarom hebben wij onderzocht wat de toegevoegde waarde is van 

albuminurie en GFR bovenop de traditionele cardiovasculaire risicofactoren in het 

schatten van cardiovasculair risico in een algemene populatie met normale 

nierfunctie op moment van studieaanvang. Onze resultaten lieten zien dat 

albuminurie, maar niet GFR, een significante toegevoegde waarde heeft in 

cardiovasculaire risicostratificatie bovenop de traditionele cardiovasculaire 

risicofactoren in een algemene populatie. Dit houdt in dat door het meten van 

albuminurie, mensen in een risicocategorie kan plaatsen die wel voor behandeling 

in aanmerking komt, terwijl dat nog niet noodzakelijk was op grond van de 

traditionele risicofactoren. Dit kan interessant zijn voor toekomstige klinische trials, 

want door het toevoegen van albuminurie bovenop de traditionele cardiovasculaire 

risicofactoren kan beter de juiste doelgroep voor cardiovasculair risico verlagende 

behandeling worden gevonden, wat de inclusie- en exclusiecriteria van trials kan 

aanscherpen. Hoewel het zeker waardevol is dat een biomarker kan bijdragen 

aan risicoanalyse, moet men zich wel realiseren dat het klinisch nut van het meten 

van biomarkers niet alleen beperkt is tot risicoanalyse, maar ook om deze 

risicoanalyse te gebruiken als leidraad voor het instellen van protectieve 

behandeling. Dit houdt in dat bepaald moet worden welke biomarkers veranderen 

tijdens de eerste maanden van protectieve behandeling, en in welke mate deze 

veranderingen bijdragen aan de langetermijns uitkomst. In hoofdstuk 3 hebben we 

een beeld gegeven van de huidige stand van zaken omtrent studies die de effecten 

op korte termijn op biomarkers van verscheidene RAAS blokkerende 

geneesmiddelen hebben onderzocht, en in welke mate deze effecten zich vertalen 

in duurzame protectie in mensen met type 2 diabetes. Wij vonden dat RAAS 

blokkerende geneesmiddelen effecten hebben op verscheidene biomarkers, 

waaronder TGF-β, hemoglobine, C reactive protein, NT-proBNP, die allemaal 

geassocieerd zijn met negatieve cardiovasculaire uitkomsten. Echter, of een 

verandering in deze biomarkers door behandeling zich ook zal vertalen in 

langdurige bescherming, kon niet met zekerheid worden gesteld, aangezien de 

studies die dit hebben getracht te onderzoeken of van korte duur waren, of maar 

een beperkt aantal mensen hadden geïncludeerd. In hoofdstuk 4 laten we zien 
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dat in de RENAAL trial losartan ook een significant effect heeft op serum urinezuur. 

Dit effect is specifiek voor losartan door affiniteit op de URAT-1 receptor in de 

renale proximale tubulus, wat verantwoordelijk is voor excretie van urinezuur via de 

urine, een effect dat nog niet is geobserveerd bij andere angiotensine-II-

antagonisten. In de literatuur is bekend dat hoog urinezuur geassocieerd is met 

verhoogd risico op cardiovasculaire complicaties, met name hospitalisatie voor 

hartfalen, onafhankelijk van zowel de traditionele cardiovasculaire risicofactoren als 

de renale risicofactoren albuminurie en GFR. Wij onderzochten of de reducties in 

urinezuur in de eerste 6 maanden van behandeling met losartan geassocieerd zijn 

met cardiovasculaire bescherming. Dit deden wij door de effecten van losartan te 

vergelijken met die van de angiotensine-II-antagonist irbesartan, welke geen effect 

heeft op urinezuur. Wij vonden dat reducties in urinezuur gedurende de eerste 6 

maanden bijna lineair geassocieerd waren met lager risico op cardiovasculaire 

complicaties, met name hospitalisatie voor hartfalen. Daarbij kon een substantieel 

deel van het behandeleffect van losartan op cardiovasculaire uitkomsten worden 

toegeschreven aan het effect op urinezuur. Dit ondersteunt de hypothese dat 

urinezuur een nieuwe modificeerbare risicofactor is voor hart- en vaatziekten. 

 Zoals is gebleken, hebben angiotensine-II-antagonisten effecten op 

multipele biomarkers die de uiteindelijke cardiovasculaire uitkomst zowel positief 

als negatief kunnen beïnvloeden. Dit zou kunnen betekenen dat als we alle off-

target effecten kennen en deze tezamen met het on-target effect zouden gebruiken 

in het bepalen van het effect van een geneesmiddel op langetermijns uitkomst, we 

een betere schatting zouden maken dan wanneer we enkel het on-target effect 

zouden gebruiken. In hoofdstuk 5 hebben we verscheidene off-target effecten van 

angiotensine-II-antagonisten geïdentificeerd, gebaseerd op de biomarker 

bepalingen op baseline en de maand 6 visite in de RENAAL en IDNT trials. 

Vervolgens hebben we een multipele Parameter Response Effectiviteit (PRE) 

score geconstrueerd, gebaseerd op de on-target en de geïdentificeerde off-target 

effecten, om zodoende het werkelijke geobserveerde behandeleffect op lange 

termijn van losartan en irbesartan te schatten. In deze studie hebben we laten zien 

dat het geobserveerde behandeleffect van zowel losartan als irbesartan niet 

bepaald kan worden op grond van bloeddruk alleen, noch op grond van enig ander 
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enkele biomarker. Een geïntegreerde score met daarin zowel het on-target effect 

als alle off-target effecten geeft een accurate schatting, die niet significant afweek 

van het geobserveerde behandeleffect. Echter, we hebben deze resultaten wel 

verkregen uit klinische trials die al zijn afgerond, waardoor het nog niet met 

zekerheid is te zeggen of de PRE score van waarde kan zijn voor toekomstige 

klinische trials. In hoofdstuk 6 hebben we de PRE score gevalideerd door een 

schatting te doen van het effect op lange termijn van aliskiren in combinatie met 

conventionele RAAS blokkerende geneesmiddelen. Of het toevoegen van aliskiren 

werkelijk een verrijking zou zijn in de verschaffing van cardiovasculaire 

bescherming was op moment van onderzoek niet bekend, maar werd onderzocht 

in de ALTITUDE (Aliskiren Trial in Type 2 Diabetes using Cardiorenal Endpoints) 

trial. We wisten alleen dat ALTITUDE voortijdig was afgebroken wegens overmaat 

aan gevallen van hyperkaliëmie, verslechtering van nierfunctie, alsmede 

cerebrovasculaire accidenten, die geassocieerd zouden zijn met gebruik van 

aliskiren. Toepassing van de PRE score wees uit dat inderdaad het toevoegen van 

aliskiren niet zou resulteren tot de extra cardiovasculaire bescherming, zoals was 

verwacht op grond van eerdere studies. Door het bevestigen van deze negatieve 

studieresultaten hebben we laten zien dat het toepassen van de PRE score 

resulteert in een accurate indruk wat voor effect op lange termijn van een 

geneesmiddel verwacht mag worden, wat al in een vroeg stadium van het 

geneesmiddelontwikkelingstraject verkregen kan worden. 

 

Conclusie 

In dit proefschrift hebben we nieuwe methodologieën verkend om de implementatie 

van biomarkers te verbeteren tijdens verschillende stadia van het 

geneesmiddelontwikkelingstraject, teneinde een betrouwbaarder beeld te krijgen 

van de effectiviteit en veiligheid van een geneesmiddel. De studies in het 

proefschrift tonen aan dat het toevoegen van nieuwe biomarkers leidt tot 

nauwkeurigere identificatie van individuen met verhoogd cardiovasculair risico, die 

in aanmerking komen voor behandeling. Dit betekent dat door het toevoegen van 

biomarkers de inclusie- en exclusiecriteria van klinische trials verbeterd kunnen 
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worden, waardoor de effectiviteit van een geneesmiddel getoetst kan worden in de 

juiste doelgroep. Verder hebben we gezien dat geneesmiddelen, die ontwikkeld 

zijn om cardiovasculair risico te reduceren, multipele off-target effecten hebben, die 

het uiteindelijke effect op cardiovasculaire eindpunten zowel positief als negatief 

kunnen beïnvloeden. Dit houdt in dat voor het evalueren van het effect van een 

geneesmiddel de off-target effecten net zo goed in ogenschouw genomen moeten 

worden als het on-target effect. Tenslotte, het incorporeren van de on-target en off-

target effecten in een gezamenlijke parameter response effectiviteit score 

resulteert in een accuratere schatting van het effect op lange termijn van een 

geneesmiddel op harde uitkomsten, dan wanneer de schatting enkel berust op het 

on-target effect. Deze conclusies kunnen grote gevolgen hebben voor het 

geneesmiddelontwikkelingstraject, geneesmiddelregistratie en de individuele 

patiënt, wat noodzaakt tot herstructurering van het huidige 

geneesmiddelontwikkelingstraject. Tot nu toe worden de off-target effecten enkel 

beschouwd als bijwerkingen, wat betekent minder nauwkeurige bepaling en 

evaluatie dan de parameter waarvoor het geneesmiddel wordt ontwikkeld. In onze 

voorbeelden hebben we gezien dat deze benadering kan leiden tot ernstige 

misinterpretaties van het effect op lange termijn van een geneesmiddel, waardoor 

later mogelijk het geneesmiddel van de markt gehaald moet worden. Om dit te 

voorkomen pleiten wij ervoor dat de off-target effecten net zo goed in ogenschouw 

genomen moeten worden als het on-target effect en dat zelfs een geneesmiddel 

niet meer geregistreerd moet worden op grond van een effect op een enkele 

risicofactor, maar als een cardiovasculair beschermend geneesmiddel op grond 

van een gezamenlijk effect op multipele biomarkers. Daarbij kan het combineren 

van de on-target en off-target effecten al in vroege stadia van het 

geneesmiddelontwikkelingstraject een impressie geven of een geneesmiddel de 

potentie heeft succesvol op de markt gebracht te kunnen worden. Dit kan 

voorkomen dat dure harde eindpuntstudies uitgevoerd moeten worden, niet alleen 

om aan te tonen dat een geneesmiddel een significant effect heeft op de 

parameter waarvoor het is ontwikkeld, maar ook dat het harde uitkomsten 

verbetert. Hierdoor kan het aantal patiënten worden verlaagd die onnodig aan een 

niet-werkend of zelfs gevaarlijk geneesmiddel worden blootgesteld. Ook kan dit 



147 
 

Samenvatting en algemene discussie 

van waarde zijn in de arts-patiënt relatie, want veranderingen in off-target 

biomarkers kunnen een goed argument zijn bestaande behandeling te handhaven, 

dan wel te  intensiveren, ondanks het uitblijven van een substantieel effect op de 

risicofactor waarvoor het geneesmiddel is ontwikkeld. 

 

Toekomstperspectieven 

In dit proefschrift heb ik laten zien dat het optimaler implementeren van biomarkers 

in klinische trials leidt tot accuratere schatting van het uiteindelijke effect van een 

geneesmiddel op lange termijn. Echter, deze resultaten zijn alleen verkregen uit 

studies die de effecten van geneesmiddelen hebben getest die aangrijpen op het 

RAAS in patiënten met type 2 diabetes en nierziekte. Daardoor is het niet duidelijk 

of de resultaten, verkregen in dit proefschrift zo doorgetrokken kunnen worden 

naar geneesmiddelen uit andere klassen of in andere populaties. Dat zou 

onderzocht moeten worden in nieuwe studies, waarin de waarde van de PRE score 

wordt bepaald voor andere soorten bloeddrukverlagende geneesmiddelen of 

andere geneesmiddelen die cardiovasculaire bescherming zouden moeten bieden 

zoals cholesterol- of bloed suiker verlagende medicijnen. 

 Het toekomstperspectief is om de PRE score te implementeren in het 

geneesmiddelontwikkelingstraject waarbij de hulp van verscheidene stakeholders 

onontbeerlijk is. Regulatoire agentschappen (zoals de Food and Drug 

Administration en the European Medicine Agency) zijn zich weliswaar bewust van 

de knelpunten in het geneesmiddelontwikkelingstraject en hebben verschillende 

voorstellen gedaan om tot verbetering te komen, die uiteen zijn gezet in Roadmap 

Initiative and the Innovative Medicine Initiative. Echter, deze agentschappen 

erkennen alleen dat een bewezen geneesmiddeleffect op een enkele valide 

surrogaat eindpunt voldoende basis is om het geneesmiddel op de markt te 

brengen. Het registreren van een geneesmiddel op grond van een effect op een 

combinatie van biomarkers is een concept dat nog niet eerder is voorgesteld. Het 

implementeren van de PRE score kan een eerste stap zijn. 

 Een ander toekomstperspectief is om de betekenis van de PRE score voor 

de individuele patiënt in de dagelijkse klinische praktijk te onderzoeken. Dit zou 

betekenen dat de PRE score moet worden gevalideerd in een klinische trial 
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uitgevoerd in de eerste en tweedelijns gezondheidszorg. De artsen zouden dan de 

beschikking moeten krijgen over een soort van PRE score calculator en dat 

medicamenteuze behandeling wordt bijgesteld (zowel toevoeging van een 

geneesmiddel als verandering van de dosis) op grond van PRE score schattingen. 

Om de toegevoegde waarde van de PRE score te bepalen ten opzichte van de 

standaard behandelstrategie, zou een klinische trial moeten worden opgezet 

waarin artsen worden gerandomiseerd op het geven van behandeling volgens de 

PRE score of de behandeling volgens de standaard richtlijnen. Indien zou blijken 

dat patiënten die behandeling ontvangen volgens de PRE score een betere 

overleving hebben ten opzichte van patiënten die worden behandeld volgens de 

standaard richtlijnen, zou dat de weg vrijmaken naar een algehele implementatie 

van de PRE score in de klinische praktijk. 

 Toepassing van de PRE score heeft de potentie het 

geneesmiddelontwikkelingstraject en registratieproces effectiever te maken. 

Echter, prospectieve studies waarin de PRE score wordt toegepast op andere 

geneesmiddelen in verschillende populaties zijn nodig om de PRE score verder te 

valideren. Als de veelbelovende resultaten, zoals getoond in dit proefschrift, 

worden bevestigd in deze studies, zal dit de weg vrijmaken naar een nieuwe 

manier van het ontwikkelen en registreren van geneesmiddelen. 
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Het schrijven van het dankwoord is in feite het afsluiten van een periode. Een 

periode waarin ik veel heb geleerd, niet alleen op wetenschappelijk gebied, maar 

ook veel plezier heb gehad. Jarenlang heb ik gewerkt om het uiteindelijke doel van 

promoveren te halen en ineens ligt het binnen handbereik. Het voelt heel bijzonder! 

Uiteraard is dit werk nooit tot stand gekomen zonder de medewerking en inzet van 

de volgende mensen. 

 

Prof. Dr. D. de Zeeuw, beste Dick. Je hebt mij aangenomen in het ESCHER project 

van Top Institute Pharma met als doel het geneesmiddelontwikkelingstraject 

effectiever en veiliger te maken. Een prachtige missie, maar hoe te beginnen? Veel 

onderwerpen zijn de revue gepasseerd en veel discussies gevoerd. Je denkt nooit 

in onmogelijkheden en beperkingen en dat heeft mij dikwijls voor schier 

onmogelijke opgaven gezet. Maar je hebt mij geleerd dat oplossingen vaak minder 

ver gezocht hoeven te worden dan aanvankelijk gedacht en dat je met wilskracht 

en gedrevenheid veel kunt bereiken. 

 

Dr. H.J. Lambers Heerspink, beste Hiddo. Je krijgt veel voor elkaar in korte tijd en 

bent een ster in effectief werken. Je literatuurkennis is ongekend en je imperium 

snel groeiend. Samen zijn wij op zoek gegaan naar strategieën om de 

voorspellende waarde van biomarkers op de kaart te zetten in het moderne 

geneesmiddelontwikkelingstraject en hebben ons heel wat statistiek op de hals 

gehaald. We hebben altijd het overzicht behouden en zijn in veel zaken geslaagd, 

waar we echt trots op kunnen zijn. Heel erg bedankt voor de vruchtbare 

samenwerking! 

 

Dr. S.J.L. Bakker, beste Stephan. Je lach is werkelijk ontwapenend, met altijd 

spitsvondige woordgrappen, ook als het werk ver boven je oren uitkomt. Je 

aanvankelijk chaotisch lijkende werkwijze heeft in mijn proefschrift veel orde en 

structuur gebracht. Je hebt een messcherp verstand en daarmee menig maal de 
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vinger op de zere plek gelegd. Verder heeft je altijd consciëntieuze visie met oog 

voor detail de kwaliteit van de publicaties in dit proefschrift gewaarborgd. 

 

In addition I would like to acknowledge all contributing authors in this thesis for their 

expertise and input in the articles presented in this thesis. Availability of the 

RENAAL, IDNT, LIFE, and AVOID trial data was essential to answer all research 

questions. Met name wil ik de onderzoekers uit Groningen Prof. Dr. Hans Hillege, 

Prof. Dr. Paul de Jong, Dr. Ron Gansevoort, Dr. Goos Laverman, Dr. Jarno 

Hoekman, Dr. Yan Miao en Dr. Daniela Dobre, alsmede de onderzoekers uit het 

Julius Center te Utrecht Prof. Dr. Rick Grobbee en Dr. René Eijkemans noemen 

voor alle waardevolle bijdrages en statistische support. 

 

Wessel Sloof wil ik danken voor het opzetten van het DIAMETRIC databestand 

waaruit wij onze data hebben kunnen putten. Prof. Dr. Paul de Jong en Dr. Ron 

Gansevoort wil ik danken voor de toegang tot de PREVEND data en de mensen 

van de PREVEND poli, Marije van der Velde, Ferdau Nauta en Lieneke Scheven 

voor het wegwijs maken hierin. 

 

De mensen van Top Institute Pharma, met name Prof. Dr. Bert Leufkens en Dr. 

Pieter Stolk wil ik danken voor het creëren van het kader waarin ik mijn onderzoek 

heb kunnen doen. 

 

De leden van de leescommissie, Prof. Dr. Pieter de Graeff, Prof. Dr. Rick Grobbee 

en Prof. Dr. Adriaan Voors wil ik danken voor hun kritische beoordeling van het 

werk in dit proefschrift. 

 

My room mates Yan, Arna, Liana, Sieta, Misghina, en Bauke, thanks a lot for the 

lively and fruitful discussions and the joyful moments we shared en uiteraard alle 

andere mensen binnen de vakgroepen Klinische Farmacologie en Nefrologie voor 

de onvergetelijke momenten. Sieta and Misghina, thanks for being my paranimf.  
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Mijn ouders, Leo en Barbera, en mijn zus, Frédérique, jullie wil ik in het zonnetje 

zetten voor de onvoorwaardelijke steun en geloof dat jullie in mij hebben gehad. Ik 

kon bij jullie terecht, of het nu ging om de technische aspecten van het onderzoek 

doen, of de emotionele kanten die af en toe helemaal niks met onderzoek van 

doen hadden. Ook al was de afstand in kilometers soms groot, jullie waren altijd 

dichtbij! 

 

Finalmente, mi Corazón, en estos últimos meses tú me enseñares muchas cosas, 

me apoyaste y me distes la energía para terminar mi proyecto de tesis; así mismo 

tú me mostraste que la vida hay que vivirla a plenitud cada día y disfrutar de las 

oportunidades que se presentan en el diario vivir, aprendí que con paciencia y 

esfuerzo logre alcanzar este éxito y tú siempre estuviste a mi lado.  

 

 

 


