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Summary

Increased awareness of chronic kidney disease stimulates an interest towards early detection and prevention.
The true prevalence of kidney injury varies from 10 to 40%, mostly depending on the methodology of the
study and the population enrolled. A screening strategy targeting the highest risk groups, those with diabetes or
hypertension, family history of diabetes, hypertension, or kidney disease, is likely to be most efficient and cost
effective. Quantification for albuminuria should be performed using laboratory methods or albumin to creatinine
ratio and should be monitored at regular intervals. The most correct equations calculating glomerular filtration
rate differ in separate populations, and the most accurate equations in patients with high cardiovascular risk
are MDRD and CKD-EPI. Markers of early kidney damage have association with other target organs damage,
even in subclinical or preclinical mode. Individuals at stage 4 and 5 chronic kidney disease, with higher
levels of proteinuria, proteinuria together with haematuria, rapidly declining glomerular filtration rate, or
poorly controlled hypertension should be referred to a nephrologist in order to identify the cause, provide
recommendations, slow progression, or treat complications.
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Introduction

Chronic kidney disease (CKD) is present in far
more people than is anticipated, and patients
with this condition have a higher burden load
of cardiovascular disease. In developed countries,
the increase in prevalence of CKD has been at-
tributed to an increase in stipulating factors, such
as hypertension and diabetes. Also, presence of
CKD is a well-known forerunner provoking car-
diovascular events. The underlying kidney dam-
age permits us to classify patients to the same
category of risk for cardiovascular death as those
with severe notorious heart disease or diabetes.
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The declining kidney function may increase this
risk in an extent-dependent way.

True data on the prevalence of CKD is still
emerging in many countries with shortage of in-
tegral and standardized prophylactic care in pri-
mary health system, which should focus on early
kidney damage. The implemented methods eval-
uating renal function are highly underutilized,
thought mostly are cheap and non-complicated.
Despite changing recommendations in this area,
improvement in diagnosis of CKD in patients
with high cardiovascular risk may lead to gen-
erally improved health outcomes, especially con-
sidering high costs and poor outcomes in individ-
uals with end stage kidney disease.

This article focuses on main methods that are
recommended to screen for kidney damage in in-
dividuals with high cardiovascular risk for CKD.
We recommend the patterns to estimate glomeru-
lar filtration rate and albuminuria, which fit the
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Table 1.
Early kidney damage or CKD in general population

Population Survey Renal function CKD1 CKD2 CKD3 CKD4 CKD5 Reference

95,255 Open screening offer >20 years Cocroft–Gault – – 40.0 2.5 0.1 Japan [45]

11,247 Open screening offer >20 years Cocroft–Gault, 0.9 2.0 10.9 0.3 0.003 Australia [46]

adopted for BSA

19,256 Pop. survey ≥30 years MDRD – – 8.3 – – Iceland [47]

13,251 NHANES III ≥ 20 years, MDRD – – 3.2 0.16 – USA [48]

no DM

15,625 NHANES III ≥ 20 years MDRD 3.3 3.0 4.3 0.2 0.2 USA [49]

4,101 NHANES III ≥ 20 years MDRD 2.8 2.8 3.7 0.13 – USA [50]

65,181 Pop. survey ≥ 20 years MDRD 2.7 3.2 4.2 0.16 – Norway [51]

CKD – chronic kidney disease, NHANES – National Health and Nutrition Examination Survey, MDRD – Modification of Diet
in Renal Disease, BSA – body surface area.

patients with high cardiovascular risk. Also, the
article describes recently found associations of
early kidney damage with subclinical changes in
the target organs.

Prevalence of renal impairment in
general versus at-risk population

High prevalence of CKD is determined by non-
contagious and also non-intrinsic renal disorders,
including hypertension, diabetes, and the aging.
Increased awareness of CKD has direct interest
toward early detection and prevention. Recogni-
tion of CKD has improved since the introduction
of glomerular filtration rate (GFR) reporting and
CKD guidelines, but in some cases this reveals as-
certainment bias rather than a true increase in
prevalence [1].

The true data of the prevalence of early kid-
ney damage or CKD in general population and
in high-risk individuals varies, mostly depending
on the methodology of the study [2]. Data from
international studies that were performed in gen-
eral population are shown in the Table 1.

High rates of CKD could be conditioned by
definition and classification of the disease. As cur-
rently defined and detected, screening programs
mainly identify individuals with sole microalbu-
minuria (CKD stage 1 and stage 2) or reduced
GFR (CKD stage 3), and in some persons it could
lead to a wrong diagnosis, if tests are not repeated
or made correctly. A perfect screening strategy
should include randomization of individuals to
early detection followed by close monitoring for
further tests, complications of the disease and the
benefit of screening on reducing mortality. Such
an experimental design would reduce the risk
of selection, overdiagnosis and other biases. The

available evidence for screening of CKD is mostly
based on observational studies, and no such an
ideal trial of screening exists in CKD. Population
surveys are usually based on a single blood or
urine sample. Also, most of the perceived high
prevalence of CKD is accounted for by individuals
over the age of 60 years, who have a physiologi-
cal decline in kidney function with age. In this
population the rate of decline in renal function
in the absence of comorbidities may be less than
previously thought [1], and GFR will not decline
to a clinically significant level.

To avoid this inaccuracy, one must perform
screening for individuals, who are at risk, but
not general population. A screening strategy for
CKD targeting the highest risk groups, those with
diabetes or hypertension, family history of dia-
betes, hypertension, or kidney disease, is likely
to be most efficient and cost effective. Table 2
shows the at-risk population and additional at-
risk groups, that could benefit from the screening
for renal impairment, according to main pub-
lished guidelines.

The National Kidney Foundation’s Kidney Ear-
ly Evaluation Program (KEEP) in United Kingdom
has screened more than 100,000 individuals at
risk, of whom 28.7% had CKD, with a prevalence
of stage 1 – 3.1%, stage 2 – 4.8%, stage 3 – 19.7%;
and stages 4 and 5 – 1.1% [6]. This distribution
demonstrates sufficient detecting of individuals
in the early stages of CKD. Other studies show
the CKD progression risk, e.g. in the 12,866 par-
ticipants of the Multiple Risk Factor Intervention
Study (MRFIT), followed for 25 years for end stage
renal disease (ESRD) development, dipstick pro-
teinuria ≥ 2+ and GFR ≤ 60 were associated with
a 41-fold higher risk of ESRD [7]. Also, there is
an urgent need for further research to support
service change for reducing the progression of
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Table 2.
At-risk groups for CKD in different guidelines

The at-risk population

Most guidelines Established kidney disease

Vascular disease

Hypertension

Diabetes

Family history of CKD

Those with symptoms or at high
risk of obstructive uropathy

Additional at-risk groups

UK guidelines [3] Heart failure

Nephrotoxic drugs

Multisystem disease with potential
renal involvement

KDOQI guidelines [4] All health encounters

Multisystem disease with potential
renal involvement

US ethnic minority status

CARI guidelines [5] Aboriginal Australians

Torres Strait Islanders

CKD and CKD complications, when recognized
the number of individuals as having markers of
renal function impairment.

Definition and classification of CKD in
patients with cardiovascular risk

To treat individuals with CKD and improving
the outcomes, a coordinated overall approach is
needed for identifying the earlier stages of dis-
ease, also detecting the populations at increased
risk. The National Kidney Foundation Disease
Outcomes Quality Initiative (K/DOQI) guidelines
proposed a classification system for CKD based on
the level of GFR and presence of kidney damage
(Table 3) and it is widely accepted international
societies and groups [8]. Other modifications of
this classification are shown in Table 4, but gen-
erally these reflect the original classification.

The definition of CKD compiles the measure-
ment of reduced renal function (GFR) and of
renal parenchymal injury such as proteinuria

and/or anatomical abnormalities. The presence
of kidney damage for at least 3 months is con-
sidered to be the sufficient index for diagnosing
CKD. Also, the persisting decreased function or
kidney damage for at least three months is neces-
sary to distinguish CKD from acute kidney injury.

Many individuals should be referred to a ne-
phrologist in order to identify the cause of the
CKD and to provide recommendations for ther-
apies to reverse the kidney disease, slow progres-
sion, or treat complications. According to most
guidelines, individuals at stage 4 and 5 CKD, with
higher levels of proteinuria unless known to be
due to diabetes, already appropriately treated pro-
teinuria together with haematuria and rapidly de-
clining GFR, poorly controlled hypertension, sus-
pected of having genetic causes of CKD or sus-
pected renal artery stenosis should be evaluated
by a nephrologist.

Estimation of glomerular filtration rate:
using the right equation

The GFR is considered to be the best indicator
of renal function. Usually it is described as the
volume of fluid that is filtered from the glomeru-
lar capillaries per time unit. The gold standard
for GFR assessment is the renal inulin clearance,
likewise nonradioactive contrast agents or radio-
labeled isotopes [10]. Also, a traditional method
for estimating GFR is calculation of the creatinine
clearance from serum creatinine and a 24-hour
urine collection. This method is unreliable, when
the urine collection is being performed at home.
These tests cannot be used routinely in daily clin-
ical practice, and few creatinine-based formulas
were created for predicting GFR, as serum creati-
nine is the regularly used measurement to evalu-
ate renal function. Serum creatinine alone should
not be used to assess the level of kidney func-
tion because of inter-individual variation in cre-
atinine production, tubular and extra-renal secre-
tion of creatinine, and the laboratory differences
between analytical methods [11].

Table 3.
Staging of chronic kidney disease [4]

GFR (ml/min/1.73 m2) With kidney damage* Without kidney damage

With HBP** Without HBP With HBP Without HBP

≥90 1 1 HBP

60–89 2 2 HBP with ↓ GFR ↓ GFR

30–59 3 3 3 3

15–29 4 4 4 4

<15 or dialysis 5 5 5 5

* Abnormalities in blood, urine tests, imaging studies, ** HBP – high blood pressure ≥ 140/90 mmHg in adults.
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Table 4.
K/DOQI classification and updates [9]

K/DOQI classification Other classifications

Stage GFR (ml/min/1.73 m2) KDIGO CARI NICE

1 ≥90 T, if transplanted P, if proteinuria P, if proteinuria

2 60–89

3 30–59 Identify rate of
progression

3a (GFR 45–59)

3b (GFR 30–44)

4 15–29

5 <15 or dialysis D, if on
dialysis

CARI – Caring. For Australians with Renal Impairment, KDIGO – Kidney Disease: Improving Global Outcomes, K/DOQI –
National Kidney Foundation’s Kidney Disease Outcomes Quality Initiative; NICE – National Health Service – National Institute
for Health and Clinical Excellence.

The first equation calculating GFR was pub-
lished in 1976 by Cockcroft and Gault. It was
developed in 249 hospitalized white men with
mean age of 57 years and mean estimated crea-
tinine clearance of 73 ml/min [12]. Historically
this equation has been widely used in clinical
practice. Nevertheless, this equation is not ad-
justed for body surface area and is based on pre-
dicting the daily creatinine excretion given the
age, weight and sex of the patient. Currently, this
equation is mostly recommended for dosing med-
ications [13,14].

Another formula, the Modification of Diet in
Renal Disease (MDRD) equation, was developed
in 1999 from a sample of 1,628 MDRD Study
participants. All individuals had CKD, and no
transplant recipients or individuals with diabetic
kidney disease were included [15]. The equation
accounts for creatinine generation by adjusting
for race, age and gender, and estimates GFR ad-
justed for body surface area. It was validated in
pooled populations with diverse clinical charac-
teristics, and has gained widespread acceptance.
The MDRD formula is the recommended serum-
creatinine-based equation by NKF KDOQI [4,8].
The most critical limitation of using this equation
is that its performance is not accurate for higher
levels of GFR and overestimates the prevalence of
CKD stage 3 in the general population [16,17].

The MDRD equation was recently updated
in 2009 by a new equation developed by the
Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI). It was developed and validated
using data from 26 studies in which GFR was
measured [18]. The population included a large
number of older individuals and African Amer-
icans. The equation has been shown to be as
accurate as that of the MDRD equation for in-
dividuals with GFR < 60 ml/min/1.73 m2. The
CKD-EPI equation estimates higher GFR values
than does the MDRD equation for younger or

female individuals, who often have lower risk
of complications, but the same serum creatinine
level. Also, the CKD-EPI equation classifies fewer
individuals as having CKD and more accurately
categorizes the risk for mortality and ESRD than
did the MDRD Study [19].

The CKD-EPI equation appears to be less biased
and was more accurate than the MDRD equation
in elderly patients [20], and provides a better defi-
nition of cardiovascular disease burden associated
with CKD estimating GFR in patients with type 2
diabetes [21]. Overall, the most correct equation
should be developed and validated in separate
populations. Accuracy is probably the best single
measure for comparing equations because it in-
corporates bias and precision.

Diagnostic methods for albuminuria

Measurement of urine albumin is an important
issue, as albuminuria is a valuable predictor of
cardiovascular events. Although, studies provide
different clinical recommendations for urine al-
bumin measurement, it still lacks standardization
[22]. Due to lack of universal agreement, there are
many differences in the urine collecting methods,
laboratory measurement procedures and the in-
terpretation of results [23].

The chemistry of albumin in urine is not
clearly defined. Various modified albumin forms
may be filtered at the glomerulus on account of
size or charge differences. Also, receptor-mediated
reabsorbtion at the tubules might be influenced
by variant molecular forms of albumin. Molecu-
lar forms in serum and urine are slightly different
after the affect of proteases in the urinary tract.
Additionally, there is some evidence of albumin
absorption on plastic surfaces [24].

The gold standard for detection of small quan-
tities of urinary albumin is the 24-hour urine
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collection, however it has been suggested that
screening can be achieved merely by a time urine
collection or early morning single-void urine
samples. Moreover, the ratio of the albumin con-
centration to the creatinine concentration (ACR)
is widely viewed as an acceptable substitute for
the albumin excretion rate.

Standard urinary dipstick shows colorimetric
reaction between albumin and tetrabromphenol
blue, producing different shades of green if a cer-
tain amount of albumin is present. Therefore, it is
not very accurate to evaluate the severity of albu-
min excretion, because, generally, it becomes pos-
itive, if protein excretion reaches 300–500 mg/d.
In addition, false negative and false positive re-
sults can occur due to the urine albumin concen-
tration as it depends on the urine volume as well
as the amount of albuminuria. Also, semiquanti-
tative dipsticks can be used to measure albumin
concentration, though sensitivity and specificity
of these tests range from 33 to 80% and from 80
to 97% respectively [25].

Evaluation of total protein to creatinine ra-
tio (TPCR) or ACR on morning single-void urine
samples correlates well with 24-hour total protein
and albumin excretion. Preferably ACR to TPCR
is used to quantify small amounts of albumin ex-
cretion. The diagnostic performance of both tests
differs significantly with age, sex and ethnicity.
This should be taken into consideration when in-
terpreting results [26]. In addition, ACR should
be reported with all the urine albumin measure-
ments.

Variety of laboratory methods is used to mea-
sure the albumin excretion directly. Most com-
mon approaches are immunology based meth-
ods, such as immunonephelometry, immuno-
turbidimetry or radioimmunoassay. Considering
that urine albumin is heterogeneous and has
at least five different antigenic sites, there is
a discrepancy between reported values depend-
ing on the method used [27]. In comparison,
high performance liquid chromatography (HPLC)
based measurements are able to assess ‘non-
immunogenic’ albumin, resulting in higher val-
ues for the albumin excretion. However, the re-
cent evidence supports the view that the HPLC as-
says do not resolve albumin from other co-eluting
urine proteins and cause overestimation [28]. Fur-
ther evidence indicates that HPLC method has
no advantages over immunoassay as a predictive
marker for adverse cardiovascular events [29].

Furthermore, in many laboratories, albumin
is measured by automated technique of two
dye-binding assays: bromcresol green (BCG) and
bromcresol purple (BCP). BCG proves to be less
specific as it binds to non-albumin proteins in
comparison with BCP. The difference is elimi-

nated by applying this equation: AlbBCG = 5.5 +
AlbBCP [30].

In conclusion, testing for albuminuria should
be repeated at least twice to be sure that it is
a persistent abnormality. Possible inflammatory
causes should be excluded. Semiquantitative reg-
ular and albuminuria dipsticks are recommended
for screening, but further quantification should
be performed using laboratory methods or albu-
min to creatinine ratio. Moreover, urine albumin
concentration should be monitored at regular in-
tervals.

Early kidney injury and other organs

The assessment of renal abnormalities has a
strong role as one of the first steps when evaluat-
ing target organ damage in individuals with high
cardiovascular risk. Microalbuminuria was found
to relate with increased universal vascular sieving
of albumin because of transcapillary escape rate,
and it may reflect this universal sieving. A pos-
sible reason for this behaviour is that albumin
leaks through permeant glomeruli exposed to the
damaging impact of actually subclinical athero-
genesis [31].

Endothelial cell dysfunction is reflected by mi-
croalbuminuria especially in hypertensive and di-
abetic population. The relationship of microalbu-
minuria with the duration and severity of hyper-
tension, body mass index, age, sex and target or-
gan damage like hypertensive retinopathy, acute
coronary syndrome, etc. is emerging. Otherwise,
microalbuminuria occurs early in the course of es-
sential hypertension, and ever prehypertension,
and this is the overall goal to sample these pa-
tients who are at risk for developing chronic dis-
ease and its complications.

Inflammatory parameters also play a burning
role in target-organ damage in patients with hy-
pertension or high-risk individuals. High-sensitiv-
ity C-reactive protein, serum and urinary tumor
necrosis factor-α are found to be associated with
albuminuria even in prehypertensive subjects,
suggesting that inflammation may be a conse-
quential factor for the early vascular damage [32].
In hypertensive patients without diabetes, mi-
croalbuminuria or chronic kidney disease, high-
sensitivity C-reactive protein proved to be a sig-
nificant predictor of pathologic renal resistive in-
dex and decreased renal volume-to-resistive index
ratio [33].

Microalbuminuria has a link with target or-
gan damage, especially brain, heart and kidney.
Recent studies have shown a close association
between kidney and brain in patients with cardio-
vascular risk. In 3127 stroke-free Framingham off-
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spring patients, investigators identify log–urinary
albumin/creatinine ratio to be associated with
clinical and subclinical vascular brain injury [34].
Microalbuminuria also is associated with the
prevalence of deep or infratentorial brain mi-
crobleeds in hypertensive patients without a his-
tory of stroke or transient ischemic attack [35].
Other authors show, that ACR is positively re-
lated to plaque-initiation and plaque-growth in
non-diabetic subjects [36]. Moreover, elevated al-
buminuria but not GFR is associated with worse
cognitive function in young persons in the Pre-
vention of Renal and Vascular End-Stage Disease
(PREVEND) study [37]. In elderly patients, albu-
minuria predicts future modest cognitive decre-
ments, but concurrent albuminuria is unrelated
to cognitive functioning [38].

In patients with diabetes, retinopathy is one
of the leading causes of blindness that increases
the chance of losing the sight. Microalbuminuria
is associated with diabetic retinopathy in type
II diabetic patients and is a reliable marker of
retinopathy [39]. Also it has an impact on predict-
ing the development and progression of retinopa-
thy in these patients [40]. Hypertensive retinal
changes of any grade also have accuracy in pre-
dicting microalbuminuria, ant this was shown in
870 consecutive hypertensive patients [41].

The association between albuminuria and pe-
ripheral artery disease (PAD) has been demon-
strated both in general population and in high
risk patients with hypertension or diabetes. Non-
diabetic adults with albuminuria had a higher
prevalence of PAD independently of current renal
function after adjustment for multiple cardiovas-
cular risk factors in a large general population
study from the National Health and Nutrition
Examination Surveys (NHANES) 1999 through
2004 [42].

Conclusions

CKD is associated with a wide variety of com-
plications and is an independent risk factor for
cardiovascular disease. High CKD prevalence
within the community at high-risk of ESRD re-
quires a timely screening and proper interven-
tion. A screening strategy for CKD targeting the
highest risk groups, those with diabetes or hyper-
tension, family history of diabetes, hypertension,
or kidney disease, is likely to be most efficient
and cost effective. Complex evaluation of re-
nal function and abnormalities should be done.
The most correct GFR estimation should be de-
veloped and validated in separate populations,
highlighting on MDRD and EPI-CKD equations
in patients at-risk. Testing for albuminuria should

be repeated and protein quantification should be
regularly performed using laboratory methods or
albumin to creatinine ratio. The presence of early
kidney damage in at-risk groups is associated with
target organs damage, thus leading to more de-
tailed examination of these patients.
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