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Abstract

Clinical practice guidelines state that any evaluation of kidney disease requires the assessment of (1) kidney function in the form
of the estimated glomerular filtration rate (¢GFR) and (2) kidney damage by a quantitative assessment of proteinuria, preferably
by the determination of the urine albumin-to-creatinine ratio. This review discusses the relative merits of each measurement,
focusing on the strengths of each measurement in relationship to all-cause and cardiovascular mortality risk prediction as well
as the prediction of kidney disease progression with loss of kidney function over time and the progression to end-stage kidney

disease treated by dialysis or kidney transplantation.

Introduction

Kidney disease is a major public health problem and is
associated with significant morbidity and mortality."?
Independent of the aetiology of the underlying kidney
disease, laboratory assessment of kidney function involves
calculation of the estimated glomerular filtration rate (¢GFR)
from the serum creatinine and assessment of kidney damage
by measurement of proteinuria. This review summarises the
current state of knowledge in the relationship of laboratory
measures of kidney function (eGFR and proteinuria) to
mortality and cardiovascular risk, the diagnosis of kidney
disease and the progression of established kidney disease.
Here we focus on the relative strengths of each measurement
and discuss the interrelationship between them, highlighting
the recent advances in the epidemiology of kidney disease
seen in the last 10 years.

Kidney Disease and Cardiovascular Risk in the General
Population

Estimated Glomerular Filtration Rate

While it had long been recognised that subjects with
reduced kidney function had high rates of cardiovascular
disease,’ it was not until 2004 that the link between kidney
function and cardiovascular disease was first assessed in
large epidemiological studies. This occurred in part due to
the development and validation of the glomerular filtration

rate estimating (eGFR) equations, and specifically, the
modification of diet in renal disease (MDRD) study equation.*
In a landmark study published in the New England Journal
of Medicine,> Go and colleagues assessed the relationship
between moderate and severe kidney dysfunction, defined
as eGFR <60 mL/min, and cardiovascular disease, in more
than one million subjects from a large US medical insurance
database. They demonstrated a large exponential increase
in the age-standardised rate for all-cause mortality and
cardiovascular events over a three year period in subjects with
kidney function reduced below 60 mL/min (Figure 1). After
adjustment for multiple confounding factors, reduced kidney
function remained independently associated with increased
risk of death, cardiovascular events and hospitalisation, in
a graded fashion compared to subjects with eGFR >60 mL/
min. This study was important for several reasons. Firstly,
it was the first study to demonstrate conclusively that
reduced kidney function was an independent risk factor for
mortality and cardiovascular events. Secondly it focused the
nephrology and public health community on the importance
of kidney function in the broader sense. It has helped lead
a large body of work assessing the clinical epidemiology of
mild to moderate kidney dysfunction in both community and
general population cohorts, where previously the emphasis
had been on severe kidney dysfunction, and in particular, on
those with end-stage kidney failure treated with dialysis and/
or kidney transplantation.®
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Figure 1. Age-standardised rates for death (A) and
cardiovascular events (B) by level of eGFR and hazard ratio
for cardiovascular death by urinary albumin. (C), Adjusted
effect of urine albumin concentration on hazard function;
dotted lines are 95% confidence limits. Reproduced with
permission from Go et al * and Hillege et al.*
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Following the work of Go et al,’ numerous investigators
set out to confirm the findings and explore the relationship
more comprehensively - in particular, assessing the exact
eGFR threshold of the mortality effect. Go and colleagues
chose to assess level of kidney function with the comparison
group >60 mL/min. This was likely for two reasons — (1)
the MDRD eGFR equation used at the time was known to
be less accurate at levels of eGFR greater than 60 mL/min
tending to underestimate true GFR,” and, (2) clinical practice
guidelines at the time, defined chronic kidney disease (CKD)
as an eGFR below 60 mL/min and thus this threshold was
seen as an important clinical cut-point. However eGFR is a
continuous variable and investigators remained interested in
whether milder forms of kidney dysfunction also conferred an
elevated risk for mortality and cardiovascular disease.

Both issues above were subject to vigorous debate in the
nephrology community® and drove further research through
collaboration of large research groups. The first data to provide
a more definitive answer on the mortality effects of mild
levels of kidney dysfunction came from the CKD Prognosis
Consortium.® The CKD Prognosis Consortium!® was
established in 2009 to provide comprehensive evidence about
the prognostic impact of eGFR and albuminuria on mortality
and kidney outcomes. The Consortium consists of 46 cohorts
with data on 2.1 million subjects from Asia, Europe, North
and South America and Australasia. The consortium’s first
major paper assessed the relationship between MDRD eGFR
and all-cause and cardiovascular mortality. It definitively
demonstrated that subjects with milder forms of kidney
dysfunction (eGFR 60 mL/min) had elevated risks of death
compared to those with normal function (eGFR 95 mL/min).
This data was important as it was derived from a wide group
of subjects from a number of different populations including
community cohorts as well as those with cardiovascular
disease risk factors.

In concert with the formation of the CKD Prognosis
Consortium, the CKD Epidemiology Collaboration developed
and validated a new creatinine-based eGFR estimating
equation to try and address
underestimation of true GFR in those subjects with GFR levels
equal and above 60 mL/min. The new equation - the ‘CKD-Epi
equation’,'" using the same coefficients (creatinine, gender, age
and race), improved the bias (the mean or median difference
between true and eGFR) in subjects with GFR levels over 60
mL/min when compared to the MDRD equation. In addition
there was no reduction in bias on subjects with GFR below
60 mL/min. The precision (the variability of the differences
between the two measures around the average difference) of
the equation remained unchanged from the MDRD formula.
Compared to the MDRD equation, the new CKD-Epi equation
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reduces the estimated prevalence of CKD (eGFR<60 mL/
min) in the general population, and improves risk prediction
by more accurately categorising subjects within risk categories
for mortality and end-stage renal disease.!>!®

Proteinuria

In addition to eGFR, proteinuria, either measured as total
urinary protein or as urine albumin, is a potent predictor of
mortality and cardiovascular risk. The first major population-
based study demonstrated a linear increase in the risk for
cardiovascular events with the risk increasing well within the
normal range for urine albumin concentration. (Figure 1¢)™
This work has been replicated in other cohorts assessing the
urine albumin-to-creatinine ratio,'® urine protein-to-creatinine
ratio, as well as assessment by urine protein dipstick.'® Again
the CKD Prognosis Consortium has been able to confirm and
extend these findings by demonstrating the linear increase
in the risk of all-cause and cardiovascular mortality as urine
albumin-to-creatinine ratio increases.’ This increase in risk is
independent of GFR such that there is an additive effect of
proteinuria on the risk of death or events at any level or stage
of GFR. The additional assessment of proteinuria (assessed
either quantitatively or qualitatively) provides improved
stratification of risk with specific eGFR staging."

Predicting Cardiovascular Disease Risk

While both ¢eGFR and albuminuria independently associate
with increased risk of cardiovascular disease, a key question
for the practising clinician is whether they add anything to
improve cardiovascular risk prediction in an individual
patient over and above the known traditional risk factors for
cardiovascular disease such as age, hypertension or diabetes?
Surprisingly few studies have attempted to address this
specific question with resulting conflicting data.

Data from the Hunt II study, a general population cohort,
assessed the addition of both kidney measures to improve
10 year cardiovascular mortality risk prediction over a
model including traditional cardiovascular risk factors.'®
Both the traditional and non-traditional model including
kidney measures, classified 76.6% of the cohort at low risk.
Overall, only 6.6% of the cohort were classified differently
by adding the kidney measures to the traditional model.
However improvements in risk prediction were seen in those
subjects classified in the intermediate risk category (5-10%
10 yr cardiovascular mortality risk). Of the intermediate
risk subjects, 25% and 10% were reclassified to either low
risk or high risk respectively with the addition of the kidney
measures. Those subjects in each reclassified group risk had
significantly reduced or increased mortality risk compared
to those subjects that remained within the intermediate risk
category by both risk equations.

Clase et al' assessed 27,000 patients in the TRANSCEND
and ONTARGET randomised clinical trial who were at high
cardiovascular risk. Unlike the previous study, the addition
of eGFR and albuminuria did not amount to a reduction in
the number of subjects classified into the intermediate risk
group (31% versus 32% with kidney measures). Finally
the PREVEND study group® assessed the value of kidney
measure to predict a composite endpoint of all-cause and
cardiovascular mortality as well as incident cardiovascular
events. In this study, both eGFR and albuminuria were
assessed separately against a model using Framingham
cardiovascular risk factors. Albuminuria but not eGFR was
associated with improved risk prediction as evidenced by
a significant improvement in the net reclassification index
(7.2%, 95% confidence interval (CI) 3.3 to 11.0%, compared
to -1.2%, 95% CI 5.1 to -2.7%) when added to a model
containing the “Framingham” cardiovascular risk factors.

While it is clear that measures of kidney function are
associated with increased risk for mortality and cardiovascular
disease, the addition of these factors to risk prediction models
suggests at best only modest improvement. Further work will
be necessary to determine the utility of these measures in
classifying patients at risk and whether other measures, such
as cystatin C, for example,?' will prove more useful.

Assessment of Kidney Disease

Kidney Disease Diagnosis

The assessment of both albuminuria and eGFR are critical to
the assessment and diagnosis of CKD, as emphasised in the
most recent update to the clinical practice guidelines for the
classification of CKD.??Initial guidelines had emphasised the
staging of CKD based on eGFR with a partial consideration
of ‘markers of kidney damage’ (albuminuria, haematuria or
structural abnormalities) only for levels of eGFR above 60 mL/
min.”* The major change in the most recent update has been to
add consideration of proteinuria (using the assessment of urine
albumin) to all levels of eGFR, emphasising the important
relationship seen in both mortality and renal risk depending
on the presence or absence of proteinuria (as discussed above).

Kidney Prognosis and Risk of Progression

Once kidney function and damage have been determined,
the kidney prognosis and overall risk of progressive kidney
dysfunction are the next important clinical problems.
However it remains important to emphasise that although
subjects with CKD are more likely to develop end-stage
kidney failure compared to those without kidney disease,
work in a general CKD population as well as those with
diabetes demonstrates that subjects with CKD are more likely
to die from cardiovascular events rather than survive to reach
end-stage kidney disease (ESKD) treated with dialysis.?**
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Reductions in eGFR are associated with an increased risk
of the development of ESKD in the general population and
‘high risk’ populations (Figure 2). The risk increases in an
exponential fashion once baseline GFR falls below 75 mL/
min.’>?¢?” The relationship is also seen when eGFR is
estimated using the newer CKD-Epi formula with improved
risk prediction for ESKD events when compared to eGFR
estimated using the MDRD formula.'*?’ Similarly, increasing
levels of albuminuria are also associated with increased
risk for the progression and development of ESKD.?® This
relationship is seen in both general population studies as well
as those ‘high risk’ cohorts.

Predicting Kidney Disease Progression

Kidney function and albuminuria are both significantly
associated with increased risk of kidney disease progression
and the occurrence of ESKD. A natural extension of the
data is to develop a risk prediction model that would allow
the practising clinician to predict the likelihood of CKD
progression in a particular individual, similar to models
predicting future with cardiovascular disease events. On a
practical level the common question that patients with CKD
ask is — “What is the chance of my needing dialysis and how
long have I got?”
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Figure 2. Hazard ratios for end-stage renal disease (ESRD) according to spline eGFR and urine albumin-to-creatinine ratio
(ACR) in general population (GP) and high risk (HR) cohorts. . Data from CKD Prognosis Consortium, reproduced with

permission from Ganevoort et al.?
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There have been a number of studies and a recent systematic
review on this subject. Here I review three of the more
important studies, all of which use quite different approaches
aimed at different populations. In the first study, Hippisley-
Cox and Coupland® developed a predication equation (the
‘QKidney score’) using more than 1.5 million subjects in a
United Kingdom general practice database. This study used
patient demographics and known medical comorbidity to
produce an equation to predict the percentage risk of new,
moderate to severe CKD, defined as any of the following:
kidney transplant; kidney dialysis; diagnosis of nephropathy;
persistent proteinuria; or glomerular filtration rate of <45 mL/
min. They also developed a risk equation to assess ‘end-stage
kidney failure’ defined as either a recorded kidney transplant,
dialysis or eGFR <15mL/min. This study is interesting as the
investigators had no measures of kidney function or damage
in the database and therefore the developed models were
without any baseline kidney measures. The overall risk of
ESKD was very low, with the top decile having a 1% five
year risk of ESKD. Overall the models performed generally
well in predicting five year risk, with receiver operating
characteristic (ROC) statistic of 0.875 for women and 0.876
for men in the validation cohort. However the role of such
equations in clinical practice is unclear given the general low
background risk of the population.

Kshirsagar et al* studied two well defined general population
cohorts but assessed incident CKD defined as an eGFR of <60
mL/min as opposed to a more clinically severe or important
outcome of ESKD. Similar to the UK General Practice
Study, the predictive model did not include any measure of
kidney function and utilised a combination of medical and
demographic characteristics and the presence of anaemia and
hypercholesterolaemia. However discrimination was only
modest (ROC statistic ranging from 0.69 to 0.70) and given
the use of a less severe outcome, the utility of such a model
is low.

A more useful approach for the practising clinician is an
assessment of a patient with CKD and predicting their risk
of progression to ESKD. Tangri and colleagues® developed
prediction models in patients with moderate to severe (stage
3 to 5, eGFR 10 to 60 mL/min) CKD assessing risk of
progression to ESKD over a three year period. ESKD was
defined as the need for dialysis or pre-emptive transplantation.
Six different models were developed with increasing levels
of complexity. As perhaps might be expected, the more
complex models performed better in both the development
and validation datasets, although the most complicated model
which included patient demographics, measures of blood
pressure, BMI and laboratory measures did not perform
better than a simpler model including only demographic

and laboratory measures. While the predictive model that
included age, gender, eGFR and albuminuria performed very
well (ROC statistic 0.91), the addition of other laboratory
values (serum albumin, phosphate, bicarbonate, and calcium)
significantly improved risk classification (net reclassification
index 8% for those with stage 3 CKD and 4.1% for those with
stage 4 CKD). The developed equation can be easily applied
in the clinic to estimate the percentage risk for progression
over the three year period and has been incorporated into
simple applications available on smart cellular phones.

Finally the recent systematic review of risk prediction models
in CKD patients highlights the need for further large and
well designed clinical studies. Of the eight studies assessing
kidney failure prediction, only two reported reclassification
indices and one used clinically relevant categories that could
‘affect diagnostic or therapeutic decision making.’3!

Conclusion

Assessment of kidney disease involves assessment of eGFR
as well as quantification of any proteinuria, preferably through
the assessment of the spot urine albumin-to-creatinine ratio.
Both markers are pivotal for the assessment of cardiovascular
risk including mortality and cardiovascular events, the
diagnosis and assessment of CKD and in determining the
overall prognosis of CKD. Whether one is more important
that the other is largely dependent on the clinical context,
however in practice the assessment of any individual subject
should include both.

Competing Interests: None declared.
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