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Chapter 2 

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 
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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 

 

 

 

 

< 60

60 - 90

> 90 < 10

10 - 30

> 30
0.6

1.1

1.6

2.1

2.6

3.1

eGFR (ml/min/1.73 m²) Albuminuria (mg/24h)

H
a
za

rd
 r

a
ti
o

 Albuminuria (mg/24hr) 

 <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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