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Abstract
Background. As many subjects with a cardiovascular
(CV) risk factor are undiagnosed, guidelines to prevent
cardiovascular disease argue for case finding on those risk
factors. Such an approach is, however, labour and cost in-
tensive. An elevated urinary albumin loss is an early mark-
er of vascular damage and is associated with an increased
CV risk. As albuminuria is easy to measure, we tested
whether a screening approach in which detailed risk factor
measurement is done only after selection of subjects with
an elevated albuminuria results in a higher yield of sub-
jects at risk.
Methods. A random sample of the general population as
investigated in the Prevention of Renal and Vascular End-
Stage Disease study was used. Plasma glucose, blood pres-
sure, serum cholesterol and renal function were measured
in an overall random sample of the population, in subgroups
according to their urinary albumin concentration (UAC) of
one first morning urine void and in subgroups in whom the
elevated albuminuria level was confirmed with two 24
h urine collections for measurement of urinary albumin
excretion (UAE).
Results. In the overall population, the number of subjects
with any newly found CV risk factor was higher than the
number of subjects already known with any CV risk factor
(n = 1331 versus 370; 39.2 versus 10.9%). The prevalence
of subjects with any newly diagnosed CV risk factor was
higher in the group of 267 subjects with a first morning
UAC of ≥20 mg/L (61.0%; P < 0.05) compared to the
overall population (39.2%). Although the sensitivity of a
UAC ≥20 mg/L to detect a subject with at least one CV
risk factor was relatively low (12%), the specificity was
very high (96%). The positive predictive value was 70%.
When the elevated UAC could be confirmed in two subse-
quent 24-h urine collections, the diagnostic yield still fur-
ther improved.
Conclusion. The prevalence of undiagnosed CV risk fac-
tors in the general population is much higher than the prev-
alence of known risk factors. After a selection of subjects
with an elevated albuminuria, the relative prevalence of
subjects with newly diagnosed CV risk factors increases
while the number of subjects to test for presence of CV
risk factors is smaller. Such an approach facilitates a more
effective and simple strategy for risk factor screening.

Keywords: albuminuria; cardiovascular risk factors; screening

Introduction

Cardiovascular disease (CVD) is the most prevalent cause
of death in most Western societies. Known risk factors are
diabetes, hypertension and hypercholesterolaemia. The
presence of these risk factors is frequently undiagnosed.
Both US [1–3] and European [4–6] epidemiological data
indicate that for every known diabetic, hypertensive or hy-
percholesterolaemic subject there are one or two subjects

with these risk factors yet undiagnosed and thus untreated.
As these risk factors can be treated and correction is found
to be associated with a better cardiovascular (CV) progno-
sis, attention focuses on an early detection of these risk
factors. Another risk factor, which is also frequently undi-
agnosed and which presently attracts much attention as
cardiovascular risk factor, is impaired glomerular filtration
rate (GFR), defined as an eGFR <60 mL/min/1.73 m2

[stages 3–5 chronic kidney disease (CKD)] [7–9].
To prevent cardiovascular events, guidelines advocate a

case-finding approach by screening of individuals for
presence of diabetes, hypertension and/or hypercholestero-
laemia. However, a case-finding approach is labour and
cost intensive, as trained personnel is required to measure
blood pressure and to perform venapuncture. Moreover,
many subjects have to be screened to find a small propor-
tion positive. These two factors limit the cost effectiveness
of such a case-finding screening strategy.

Microalbuminuria has been established as a marker of
generalized endothelial damage and is associated with high
prevalence of diabetes, hypertension, hypercholesterolae-
mia and impaired eGFR [10–15]. Microalbuminuria is,
moreover, associated with an increased risk for cardiovas-
cular events [16–20]. Microalbuminuria can be assessed
from a single-spot morning urine sample [21,22]. Such a
sample can be collected at home and sent by post to a cen-
tral laboratory where albuminuria is measured [13]. Those
subjects with an albuminuria level above a certain prede-
fined cut-off value could then be invited for further assess-
ment of cardiovascular risk factors. It has been shown that
such an approach is simple and involves low costs [23],
making assessment of albuminuria a potentially valuable
tool for population screening.

Given the aforementioned considerations, we ques-
tioned whether a population screening with pre-selection
of subjects based on determination of a urinary albumin
concentration (UAC) measured in a first morning void
urine sample enhances the efficacy of screening for newly
diagnosed cardiovascular risk factors when compared to
screening the unselected overall population. We also stud-
ied what the cut-off point for defining abnormal UAC
should be, and what the benefit is of repeated and more
accurate measurements of albuminuria. For these pur-
poses, we used the data obtained in the Prevention of Re-
nal and Vascular End-Stage Disease (PREVEND) study, a
prospective, observational cohort study in which subjects
collected a first morning urine sample and were subse-
quently characterized with regard to their cardiovascular
risk profile [13].

Materials and methods

Study design and population

This study is part of the PREVEND study, which is designed to pro-
spectively investigate the natural course of albuminuria and its impact
on renal and CVD in a large cohort drawn from the general population.
Details of this protocol have been described in detail previously [24,25]
and can be found at http://www.PREVEND.org. In summary, the sub-
jects of the PREVEND cohort have been selected in 1997 from 40 856
subjects from the general population, aged between 28 and 75 years,
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based on their UAC in a morning urine sample. All subjects with a UAC
≥10 mg/L (group A) and a random sample of subjects with a UAC <
10 mg/L (group B) were invited for detailed investigations in an outpa-
tient clinic, including collection of two consecutive 24-h urines. This
procedure was chosen to obtain a cohort enriched for the presence of
albuminuria, the primary parameter under investigation in the PRE-
VEND study. Of group A, 6000 subjects completed the screening pro-
tocol and of group B, 2592 subjects. These 8592 subjects form the
PREVEND cohort. Considering that the selection of subjects into the
PREVEND cohort is based on UAC (with enrichment for subjects with
a UAC >10 mg/L), the prevalence rates of various cardiovascular risk
factors may not be comparable with those in the general population.
Therefore, we used for this analysis a sub-sample of 3432 subjects that
has been formed by reweighing the ‘oversampled’ group A, thus ac-
counting for the enrichment procedure. These subjects form a represen-
tative sample of the general population. Detailed information how
reweighing has been achieved has been published previously [22,24].
Since we wanted to study a non-diabetic population, we excluded subjects
with self-reported diabetes (n = 40). Therefore, our study population finally
consisted of 3392 subjects. The PREVEND study was approved by the
medical ethics committee of our institution and is conducted according
the guidelines of the declaration of Helsinki. All participants who attended
the outpatient clinic gave written informed consent.

Measurements

The screening programme in the outpatient clinic consisted of two visits.
At the first visit, participants completed a questionnaire regarding demo-
graphics, cardiovascular and renal disease history, smoking habits and use
of medication for diabetes, and hypertension or hypercholesterolaemia.
During both visits, blood pressure was measured with an automatic device
(Dinamap XL Model 9300, Johnson-Johnson Medical, Tampa, FL) in su-
pine position during 10 min. Systolic and diastolic blood pressure mea-
surements were calculated as the mean of the last two out of 10 successive
Dinamap measurements of the two visits. Furthermore, anthropometric
measurements (weight, height and BMI) were performed, blood was
drawn in fasting condition and subjects were asked to collect 24 h urine
on two consecutive days.

UAC was determined by nephelometry, with a threshold of 2.3 mg/L
and intra- and inter-assay coefficients of variation of 2.2 and 2.6%,
respectively (BNII, Dade Behring Diagnostic, Marburg, Germany).
Measurements of serum creatinine, cholesterol and plasma glucose
were determined by Kodak Ektachem dry chemistry (Eastman Kodak,
Rochester, NY, USA), an automatic enzymatic method.

Definitions

According to the JNC7 and ESH 2003 guidelines, hypertension is defined
as systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm
Hg or the use of antihypertensive medication [26–28]. Diabetes is defined
as fasting glucose levels of ≥7.0 mmol/L, non-fasting glucose levels of
≥11.1 mmol/L or the use of glucose lowering medication in accordance
with the recommendations from the American Diabetes Association [29].
Hypercholesterolaemia is defined in case of a previous myocardial in-
farction as the use of lipid-lowering drugs, or a total serum cholesterol
of ≥5.18 mmol/L (≥200 mg/dL) or HDL cholesterol of <1.03 mmol/L
(<40 mg/dL) and total serum cholesterol/HDL cholesterol ratio of ≥5.
Without a previous myocardial infarction, hypercholesterolaemia is de-
fined as total serum cholesterol of ≥6.20 mmol/L (≥240 mg/dL) or HDL
cholesterol of <0.90 mmol/L (<35 mg/dL) and total serum cholesterol/
HDL cholesterol ratio of ≥6 [30–33]. A history of CVD is defined as a
myocardial infarction or cerebrovascular accident with a hospital admission
in the past. Smoking is defined as current smoking or cessation of smoking
<1 year before the first visit. GFR was estimated with the modifiedMDRD
formula, taking into account sex, age, race and serum creatinine. An
MDRD clearance <60 mL/min/1.73 m2 is defined as impaired GFR [7,
34]. Urinary albumin excretion (UAE) is given as the average of the
two 24 h urine collections. An elevated albuminuria is defined, in case
of just the first morning urine void, as a UAC ≥20 mg/L, and in case
of two 24 h urine collections, as a UAE ≥30 mg/24 h. Hypertension,
hypercholesterolaemia, CKD and elevated albuminuria are considered
to be known when the subject involved reported in the questionnaire

use of blood pressure or lipid-lowering medication, presence of renal
disease or elevated albuminuria, respectively.

Statistical analyses

Analyses were performed using the statistical package SPSS 12.0
(SPSS, Chicago, IL, USA). Continuous data are reported as means
with standard deviation. In case of a skewed distribution, medians
and interquartile ranges are presented. Prevalences are presented as per-
centages. Differences between groups for continuous data were tested
by Student’s t-test or a Mann–Whitney rank test in the case of skewed
distribution. Differences in prevalence were tested with a χ2 test. We
first tested the number of subjects that were detected to have diabetes,
hypertension, hypercholesterolaemia and impaired GFR according to
their albumin concentration in the morning urine sample, with special
attention to newly detected presence of these CV risk factors. We per-
formed a sensitivity analysis and calculated, respectively, sensitivity,
specificity, positive and negative predictive value. In this analysis, we
also evaluated the diagnostic yield of a urinary albumin creatinine ratio
(UACR). As definition for elevated albuminuria, we used in that anal-
ysis a UACR in males of ≥2.0 mg/mmol (≥20 mg/g) and in women of
≥3.0 mg/mmol (≥30 mg/g) [35]. As we previously showed that the
number of subjects with proven microalbuminuria (UAE 30–300 mg/
24 h) using the traditional cut-off value for presence of microalbumi-
nuria in a spot morning sample (being 20–200 mg/L) will result in a
considerable number of false negative results [22], we also analysed
the impact of applying a lower cut-off value of 10 mg/L. We next test-
ed whether confirmation of an elevated UAC by additional 24 h urine
testing may further improve the diagnostic yield of cardiovascular risk
factors.

Results

Mean age of the 3392 subjects was 48 ± 12 years, and the
population consisted predominantly of subjects of Cauca-
sian origin (Table 1). In line with the fact that a sample
representative of the general population is studied, it ap-
peared that on average blood pressure, serum cholesterol,
plasma glucose, eGFR and albuminuria were within the
normal range.

In the overall study population, the number of subjects
newly diagnosed with either diabetes, hypertension, hy-
percholesterolaemia and/or impaired eGFR was 3.6-fold
higher than the number of subjects known with such a risk
factor (1331 versus 370 subjects) (Table 2). The number of
subjects with a known as compared to a new diagnosis of a
risk factor differed for the individual risk factors. For one
subject known with hypertension, two had a new diagnosis
of hypertension. These figures were 1:6 for hypercholes-
terolaemia and 1:30 for impaired eGFR.

The chance for having a risk factor newly diagnosed
increased with a higher UAC, especially in the group with
a UAC ≥20 mg/L (Table 2). The prevalence of new dia-
betes, hypertension, hypercholesterolaemia and/or im-
paired eGFR was higher in the 267 subjects with a UAC
≥20 mg/L compared to the overall population (61.0 versus
39.2%; P < 0.05). This was due to the fact that the preva-
lences of these newly diagnosed risk factors were all higher
in the group with a UAC ≥20 mg/L than in the group with a
UAC<10mg/L. Data on sensitivity, specificity, and positive
and negative predictive value are given in Table 3. The data
show that after confirmation with 24-h urine collections, the
sensitivity decreases and specificity increases as expected.
Consequently, positive predictive value increases whereas
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negative predictive value did not change. The sensitivity
analysis using UACR sex specific cut-off values showed
comparable results.

In the subgroup of 557 subjects with a UAC between
10 and 20 mg/L, the prevalence of any newly diagnosed
CV risk factor was comparable with the prevalence in the

overall population (39.7 versus 39.2%; P > 0.05). This
was due to the fact that only the prevalence of newly di-
agnosed hypertension (and of course of albuminuria) was
higher, but not of new diabetes, hypercholesterolaemia
and/or impaired GFR when compared to the group with
a UAC <10 mg/L.

When we next confirmed the presence of an elevated
albumin excretion in two 24 h urine samples, we found
about half of the subjects with a UAC ≥20 mg/L to
have a UAE ≥30 mg/24 h (Table 4, right columns,
140 out of 267). The overall prevalence of subjects with
any newly detected CV risk factor in the group of sub-
jects with at two occasions elevated albuminuria was ob-
viously higher compared to the group that at f irst
measurement had a UAC ≥20 mg/L, but at confirmation
appeared not to have an elevated UAE (76.4 versus
44.1%). This was due to a higher prevalence of all in-
dividual risk factors in the UAE ≥30 mg/24 h group
compared to the UAE <30 mg/24 h group. In fact, the
prevalences of the individual risk factors in this group,
with only positive UAC but negative UAE value, were
not much different compared to that in the overall back-
ground population (Table 2, first column). We found that
in the group of subjects with a UAC between 10 and
20 mg/L, only a minority (8.3%) had an elevated UAE
(≥30 mg/24 h) at confirmation. But in these subjects, the
yield of newly diagnosed risk factors was higher than
in the subjects with UAC ≥20 mg/L and UAE <30 mg/
24 h.

Figure 1 shows the prevalence of newly diagnosed car-
diovascular risk factors in the overall (unselected) popula-

Table 1. Population characteristics

Total group

Persons 3392
Age, year 48 ± 12
Male, % 45.2
Caucasian, % 95.4
Smokers, % 41.2
CV history with hospital admission, % 3.0
BMI, kg/m2 25.8 ± 4.1
Systolic BP, mm Hg 126 ± 18
Diastolic BP, mm Hg 73 ± 9
Antihypertensive drugs, % 8.2
Total cholesterol, mmol/L 5.6 ± 1.1
Lipid-lowering drugs, % 3.9
Plasma glucose, mmol/L 4.7 ± 0.9
Serum creatinine, μmol/L 83 ± 14
eGFR, mL/min 80 ± 14
Urine albumin concentration, mg/L 5.7 (2.3–26.9)

Continuous variables are presented as mean and standard deviation; uri-
nary albumin concentration is presented as median value with 95% con-
fidence interval.
Abbreviations: CV, cardiovascular; BMI, body mass index; BP, blood
pressure; eGFR, estimated glomerular filtration rate.

Table 2. Classical and renal risk factors for cardiovascular disease in the overall population and when this population is subdivided according to urinary
albumin concentration in a single first morning void urine sample

Total UAC <10 10≤ UAC <20 UAC ≥20

n 3392 (100%) 2568 (75.7%) 557 (16.4%) 267 (7.9%)
Age, year 48.4 ± 12.3 47.8 ± 12.0 48.4 ± 13.0 53.2 ± 12.9*

Male (45%) (43%) (51%)* (54%)*

Subjects with any RF
Newly diagnosed 1331 (39.2%) 947 (36.9%) 221 (39.7%) 163 (61.0%)*

Known 370 (10.9%) 242 (9.4%) 71 (12.7%)* 57 (21.3%)*

Total 1547 (45.6%) 1095 (42.6%) 264 (47.4%)* 188 (70.4%)*

Diabetes
Newly diagnosed 46 (1.4%) 23 (0.9%) 10 (1.8%) 13 (4.9%)*

Known NA NA NA NA
Hypertension
Newly diagnosed 577 (17.0%) 365 (14.2%) 122 (21.9%)* 90 (33.7%)*

Known 279 (8.2%) 185 (7.2%) 47 (8.4%) 47 (17.6%)*

Hypercholesterolaemia
Newly diagnosed 839 (24.7%) 619 (24.1%) 118 (21.2%) 102 (38.2%)*

Known 132 (3.9%) 86 (3.3%) 30 (5.4%)* 16 (6.0%)*

Impaired GFR
Newly diagnosed 179 (5.3%) 129 (5.0%) 22 (3.9%) 28 (10.5%)*

Known 5 (0.1%) 4 (0.2%) 0 (0.0%) 1 (0.4%)
Albuminuria
Newly diagnosed 194 (5.7%) 24 (0.9%) 46 (8.3%)* 124 (46.4%)*

Known 170 (5.0%) 116 (4.5%) 30 (5.4%) 24 (9.0%)*

*P < 0.05 vs UAC <10 mg/L.
Variables are expressed as n (%). Age is given as mean and SD.
Abbreviations: UAC, urinary albumin concentration (mg/L); RF, risk factor; GFR, glomerular filtration rate; albuminuria, UAE ≥30 mg/24 h; NA, not
applicable.
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tion (n = 3392), and in case a selection strategy is followed,
first based upon one single first morning urine void in
which UAC is ≥20 mg/L and at confirmation the average

UAE in two subsequent 24 h urine samples is equal or
more than 30 mg (n = 140).

Discussion

In our study cohort, which is representative for the general
population, the number of subjects newly diagnosed to
have a CV risk factor is 3.6-fold higher than the number
known already with a risk factor. Screening the general
population for an elevated UAC (≥20 mg/L) in one first
morning void urine sample increased the relative preva-
lence of newly diagnosed risk factors. Further studies on
the presence of these risk factors can then be limited to
267 (7.9%) instead of the original 3392 subjects. Although
the sensitivity of this pre-screening to detect new CV risk
factors is low, its specificity is good. The relative preva-
lence of newly diagnosed risk factors further improved
when we confirmed the elevated albuminuria level via
two 24 h urine collections.
The prevalences of albuminuria and of hypertension and

hyperlipidaemia in this population-based study is compara-
ble to that in other general population-based cohorts, such
as in the recently published CKD prognosis consortium re-
port on the impact of GFR and albuminuria on mortality,
including four European and two Asian cohort studies
[36]. Our finding that in population screening the number
of subjects with a new diagnosis of a risk factor is more than
3-fold higher than the number already known with a risk
factor is in line with data from literature [1–6]. In addition

Table 4. The effect of confirmation of findings in a first morning void urine sample by two subsequent 24-h urines for classical and renal risk factors
for cardiovascular disease

UAC <10

10≤ UAC <20 UAC ≥20

n= 557 (16.4%) n= 267 (7.5%)

UAE <30 UAE ≥30 UAE <30 UAE ≥30

n 2568 (75.7%) 508 (91.7%) 49 (8.3%) 127 (46.1%) 140 (53.9%)
Age, year 47.8 ± 12.0 47.9 ± 12.9 53.4 ± 13.1 49.3 ± 12.4 56.5 ± 12.4*

Male (43%) (51%)* (51%) (43%) (64%)*

Subjects with any RF
Newly diagnosed 947 (36.9%) 195 (38.4%) 26 (53.1%)* 56 (44.1%) 107 (76.4%)*

Known 242 (9.4%) 58 (11.4%) 13 (26.5%)* 23 (18.1%)* 34 (24.3%)*

Total 1095 (42.6%) 231 (45.5%) 33 (67.3%)* 71 (55.9%)* 117 (83.6%)*

Diabetes
Newly diagnosed 23 (0.9%) 7 (1.4%) 3 (6.1%)* 4 (3.1%)* 9 (6.4%)*

Known NA NA NA NA NA
Hypertension
Newly diagnosed 365 (14.2%) 105 (20.7%)* 17 (34.7%)* 27 (21.3%)* 63 (45.0%)*

Known 185 (7.2%) 39 (7.7%) 8 (16.3%)* 20 (15.7%)* 27 (19.3%)*

Hypercholesterolaemia
Newly diagnosed 619 (24.1%) 108 (21.3%) 10 (20.4%) 34 (26.8%) 68 (48.6%)*

Known 86 (3.3%) 24 (4.7%) 6 (12.2%)* 5 (3.9%) 11 (7.9%)*

Impaired GFR
Newly diagnosed 129 (5.0%) 17 (3.3%) 5 (10.2%) 5 (3.9%) 23 (16.4%)*

Known 4 (0.2%) 0 (0.0%) 0 (0.0%) 1 (0.8%) 0 (0.0%)
Albuminuria
Newly diagnosed 24 (0.9%) 0 (0.0%)* 46 (93.9%)* 0 (0.0%) 124 (88.6%)*

Known 116 (4.5%) 27 (5.3%) 3 (6.1%) 8 (6.3%) 16 (11.4%)*

*P < 0.05 vs UAC <10 mg/L.
Variables are expressed as n (%). Age is given as mean and SD.
Abbreviations: UAC, urinary albumin concentration (mg/L); UAE, urinary albumin excretion (mg/24 h); RF, risk factor; GFR, glomerular filtration rate;
albuminuria, UAE ≥30 mg/24 h; NA, not applicable.

Table 3. Sensitivity analysis of albuminuria screening to detect subjects
with classical and renal risk factors for cardiovascular disease in the
overall population

Sensitivity Specificity PPV NPV
% % % %

UAC ≥20
Any risk factor 12 96 70 57
Diabetes 28 92 5 99
Hypertension 16 95 51 77
Hypercholesterolaemia 12 94 44 73
CKD 16 93 11 95

UACR, F ≥3.0 or M ≥2.0
Any risk factor 10 97 75 55
Diabetes 28 94 6 99
Hypertension 14 96 57 76
Hypercholesterolaemia 10 95 46 72
CKD 15 88 15 95

UAC ≥20 + UAE ≥30
Any risk factor 8 99 84 56
Diabetes 20 96 6 99
Hypertension 11 98 64 76
Hypercholesterolaemia 8 97 56 73
CKD 13 96 16 95

Abbreviations: PPV, positive predictive value; NPV, negative predictive
value; UAC, urinary albumin concentration (mg/L); UACR, urinary al-
bumin creatinine ratio (mg/mmol); UAE, urinary albumin excretion
(mg/24 h); CKD, chronic kidney disease.
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to these data, we found that the ratio of new versus known
risk factor is higher for hypercholesterolaemia and impaired
GFR than for hypertension. That may be due to the more
strict definition of hypercholesterolaemia than of hyperten-
sion, resulting in a larger number of hypercholesterolaemic
than hypertensive patients. It may also reflect that general
practitioners, as yet, are screening less for hypercholestero-
laemia or are reluctant to diagnose someone as being hy-
percholesterolaemic. On the other hand, the high ratio for
impaired GFR will, in our opinion, be predominantly due
to the fact that most subjects with an impaired GFR have
not yet been diagnosed. This is a well-known phenomenon
in studies evaluating the awareness of CKD [37].

Our finding that subjects with a UAC ≥20 mg/L have a
higher prevalence of CV risk factors is also in line with
literature. Many risk factors have been found associated
with elevated albuminuria, diabetes and hypertension be-
ing the most prominent ones, while the association be-
tween hypercholesterolaemia and an elevated albuminuria
is less well described [38]. An increased albuminuria, of
course, may also been found more frequently in subjects
with an impaired GFR, although subjects with an elevated
GFR have also more frequently an elevated albuminuria
[39]. As our present study is cross-sectional in design,
we did not document whether subjects with a UAC
≥20 mg/L are also at increased risk to develop diabetes,
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Fig. 1. Prevalence of newly discovered (upper panel) and total (lower panel) classical and renal risk factors for cardiovascular disease in a random
sample of the general population. Data are given for the overall, unselected population (open bars) and for the subpopulation with a UAC ≥20 mg/L in a
first morning void urine sample and confirmation of elevated albuminuria in two subsequent 24-h urine collections (UAE ≥30 mg/24 h).
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hypertension, hypercholesterolaemia or impaired GFR in
the years thereafter. Such a phenomenon has, however,
also been described for new diabetes [40,41], new hyper-
tension [42,43] and new stage 3 or 4 CKD [44].

In our study, we have chosen for a first screening by
measuring UAC in a first morning void urine sample. To
that purpose, the subject was sent via post a plastic vial
to collect a sample of that urine, which could be sent via
post to the central laboratory. If such an approach is not
feasible, the urine sample can also be brought to the lab-
oratory or a screening facility. In our setting, we con-
f irmed an elevated albuminuria by measuring the
average UAE in two 24 h urine collections. Our present
data show, however, that after confirmation only about
half of the subjects that originally tested positive in the
morning void (UAC ≥20 mg/L) indeed appeared to have
an elevated 24 h albuminuria (UAE ≥30 mg/24 h). The
data also show that the diagnostic yield for newly diag-
nosed CV risk factors is also much higher when the ele-
vated albuminuria is confirmed. Collecting 24 h urines is
in clinical practice a cumbersome procedure. It can be
discussed whether the collection of two additional first
morning void urines is sufficient for confirmation that
a subject has elevated albuminuria or not. Interestingly,
it was recently shown that microalbuminuria status, when
diagnosed in first morning void urine samples, was at
least as reliable to predict CV events during follow-up,
as microalbuminuria status measured in 24 h urine
samples [24].

By our selection procedure, we were able to limit the
number of subjects to test into more detail (blood pressure,
cholesterol, glucose levels and kidney function) from 3392
to 267 (= 7.9%) subjects (based upon one urine sample with
an abnormally elevated UAC) or even to 140 (= 4.1%) sub-
jects (based upon one UAC≥20mg/Lwhichwas confirmed
by the average of two 24 h UAE ≥30 mg). This approach
improved the diagnostic yield and lowers the work load to
further test the subjects to a minimum. Far less subjects will
have to visit a screening facility in comparison to when the
overall general population is to be screened at such a facility.
Such a group will even get smaller when only those subjects
with any risk factor, such as smoking, or those subjects
above some age are screened.

We recently showed that screening of all adult subjects
for CV risk factors, eGFR and accurate 24 h albuminuria
excretion costs €44 200 per life year gained to detect and
subsequently treat one subject with microalbuminuria.
When we use the approach of a simple pre-screening on
one single morning urine UAC measurement (as described
in the present manuscript) and then limit the detailed
screening only to those with a UAC ≥20 mg/L, the costs
were much lower: €22 000 per life year gained to detect
and treat one subject with microalbuminuria. When limit-
ing the screening to those >60 years of age, it further de-
creased to €7800 per life year gained [45]. Moreover, it
was recently shown that the impact of having low normal,
high normal, microalbuminuria or macroalbuminuria for
all cause and cardiovascular mortality is identical as the
impact of having a negative, a trace positive, a 1+ or a
2+ result on a simple urine protein dipstick test [36]. This
shows that alternatives for the UAC or UACR test are also

feasible and may even result in better cost-effectiveness
data. This may facilitate implementation of such pro-
grammes in developing countries.

One might counter argue that the sensitivity of the test
to diagnose all unknown diabetes, hypertension, hyperch-
olesterolaemia and impaired GFR was low and only mod-
estly improved when lowering the UAC cut-off value to
10 mg/L. Indeed, we did not diagnose new diabetes in 33
out of the 46 subjects, new hypertension in 487 out of the
577 subjects, new hypercholesterolaemia in 737 out of
the 839 subjects and new CKD in 151 out of the 179
subjects. Is this missing of new diagnoses of CV risk fac-
tors really an argument against our approach? That, of
course, is dependent on the fact on what the CV progno-
sis is in subjects with that risk factor, but without elevat-
ed albuminuria. It is well known that subjects with
elevated albuminuria have a significantly worse CV risk
than those without elevated albuminuria, independent of
what CV risk factor is studied, be it diabetes [16–18,
20], hypertension [16–20,46,47] or hypercholesterolaemia
[16,20,47]. It has similarly been shown that subjects with
mildly impaired GFR with microalbuminuria have a
worse CV and renal risk than those without albuminuria
[48–52]. Interestingly, Jensen et al. described that sub-
jects that were newly identified with hypertension, but
had no microalbuminuria, had a 10-year CV disease inci-
dence of only 5% [53]. Such a low risk does not normal-
ly merit preventive treatment. In contrast, those subjects
with newly identified hypertension and elevated albumin-
uria had a high 10-year CV disease incidence, accumulat-
ing to 25%. We similarly showed that hypertensive
subjects without elevated albuminuria have no significant
benefit after start of antihypertensive treatment, while the
start of antihypertensives resulted in a significantly better
CV survival when the hypertension was associated with
an elevated albuminuria [54]. These data taken together
suggest that screening, primarily on albuminuria, and subse-
quently, screening those that are foundpositive for additional
CV risk factors, should identify the CV high-risk subjects
especially, whereas on average low-risk subjects that will
not benefit from preventive treatment will be missed. Miss-
ing of new diagnoses of CV risk factors seems therefore no
major argument against this approach.

As it was proposed that the cut-off value to define an
elevated albuminuria at pre-screening should be lowered
[16,21,22], we also studied whether yet undiagnosed
CV risk factors were also more frequent in subjects
with a UAC 10–20 mg/L. This subgroup overall, how-
ever, only showed significantly more new hypertension
and new albuminuria, but not more new diabetes and
new impaired GFR than subjects with UAC <10 mg/L
(Table 2). Moreover, only a minority of these subjects (49
out of 557 (8.3%), Table 4) appeared after confirmation
with two subsequent 24-h urines to have elevated albumin-
uria. We, therefore, conclude that it has no major benefit to
lower the cut-off value defining abnormal albuminuria in a
first morning void urine sample at a first screening when
one wants to diagnose unknown CV risk factors.

To keep the burden and costs as low as possible in pop-
ulation-based screening for elevated albuminuria, we
choose for pre-screening by measuring UAC in a morning
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urine sample. In clinical practice, some favour measuring
the albumin:creatinine ratio (ACR). We previously com-
pared the diagnostic performance of UAC and ACR, mea-
sured in a morning urine sample, in predicting a UAE ≥
30 mg in two subsequent 24-h urines [22]. The diagnostic
performance of measuring UAC was satisfactory and com-
parable to that of measuring ACR. Jafar et al. showed com-
parable results in Indo-Asians [21]. In accordance, our
sensitivity analysis using ACR instead of UAC showed
similar results with respect to the identification of previ-
ously undiagnosed presence of CV risk factors.

Strengths of our study are that it is performed in a sam-
ple that is representative for the general population of
community-dwelling subjects and that it has detailed infor-
mation on disease history, objective measurements of CV
risk factors and medication use. Furthermore, in contrast to
previous studies, it does not restrict itself to one CV risk
factor, but offers an integral approach to all presently ac-
knowledged CV (diabetes, hypertension, hypercholestero-
laemia) and renal (impaired eGFR, elevated albuminuria)
risk factors. We acknowledge also limitations to this study.
Our population consisted of almost only Caucasians.
Therefore, our conclusions cannot be extrapolated to other
ethnic populations.

In conclusion, population screening for elevated albu-
minuria (UAC ≥20 mg/L) in a single first morning void
urine sample results in identification of a population with
a high percentage of previously unknown cardiovascular
risk factors. Confirmation of elevated albuminuria status
in subsequent urine samples even further enriches the
prevalence of these previously unknown risk factors. Pre-
screening for elevated albuminuria will thus increase the
efficacy of case finding for cardiovascular risk factors.
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