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Abstract

Chronic  kidney disease patients with low-grade
proteinuria (LP) are common in nephrology clinics.
However, prevalence, characteristics, and the competing
risks of chronic kidney disease and death as the specific
determinants, are still unknown. Modifiable risk factors
were also different in low-grade proteinuria, with

smoking, lower hemoglobin, and proteinuria being
associated with higher mortality risk while lower BMI and
higher phosphorus predicting kidney disease. Therefore, in
nephrology clinics, low-grade proteinuria patients are the
majority and show distinctive basal features. More
important, they are more exposed to death than chronic
kidney disease and do present specific modifiable

determinants of either outcome indeed, in low-grade

proteinuria, while smoking plays a role for mortality,
lower basal metabolic index and higher phosphorus levels
-even if in the normal range- are predictors of chronic
kidney disease. These data support the need to further
study the low proteinuric chronic Kkidney disease
population to guide management.
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Introduction

In current nephrology practice, a limited number of
nephrologists must cope with the growing population of
non-dialysis chronic kidney disease (ND-CKD) patients
characterized by advanced disease and higher burden of
comorbidities requiring watchful and time-consuming
care. Therefore, optimizing risk stratification in this

clinical setting becomes of paramount importance because
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it allows to properly individualize clinical management in
terms of monitoring as treatment. Previous analyses have
demonstrated that in non-dialysis chronic kidney disease
proteinuria is a major risk factor of cardiorenal outcome
besides and beyond age, chronic kidney disease stage and
type of primary renal disease.”® Indeed, the most recent
Kidney Disease: Improving Global Outcomes clinical
practice guidelines for the evaluation and management of
chronic kidney disease have identified the proteinuria
level of 0.5 g/24h as a meaningful threshold to define
chronic kidney disease severity in general and high-risk
populations.’® However, outcome and risk factors of
chronic kidney disease patients with low-grade
proteinuria, that is, less than 0.5 g/24h,that are regularly
followed in renal clinics are still undefined. Interest on
this issue is remarkable because cross-sectional studies, in
the general population as in different clinical settings,
have shown that low-proteinuric patients are common.**™*°
In particular, a recent cross-sectional analysis of basal
features of non-dialysis chronic kidney disease patients
under nephrology care has evidenced that these patients
are the majority of chronic kidney disease population with
low grade.’® Nevertheless, no prognostic information for
the low-proteinuric condition in nephrology clinics, as for
other clinical settings, have been provided so far. To fill
this important gap of knowledge, we studied a large
population of low-proteinuric patients with non-dialysis
I11-V  under

nephrology care to evaluate their epidemiologic features,

chronic Kkidney disease stage stable
and prognosis in terms of risks of end-stage renal disease
(ESRD) and all-cause the

determinants of either outcome. Patients with proteinuria

mortality as specific
higher than 0.5 g/24h constituted the control group.
the
underlying renal disease, that mainly influences the degree

Noteworthy, survival analyses accounted for

of proteinuria and outcome as well, and for the competing
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nature of the risk of end stage renal disease and
mortality."” This latter point is critical; competing risk
analysis in fact allows to estimate the “full” effect of risk
factors for chronic kidney disease progression because
many non-dialysis chronic kidney disease patients do not
reach end stage renal disease as they die before.”® Results
provide useful information to identify potential therapeutic
targets and design future trials in low-proteinuric chronic
kidney disease.
Anyone can get chronic kidney disease. Some people are
more at risk than others. Some things that increase your
risk for chronic kidney disease include:

e Diabetes

e High blood pressure (hypertension)

e Heart disease

e Having a family member with kidney disease

e Being African-American, Hispanic, Native American

or Asian

e Being over 60 years old
Symptoms of Kidney Failure

e ltching

e Muscle cramps

e Nausea and vomiting

e Not feeling hungry

e Swelling in your feet and ankles

e Too much urine (pee) or not enough urine

e Trouble catching your breath

e Trouble sleeping
If your kidneys stop working suddenly (acute kidney
failure), you may notice one or more of the following
symptoms:

e Abdominal (belly) pain

e Back pain
e Diarrhea
e Fever

o Nosebleeds
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e Rash

e Vomiting
Your kidneys help your whole body work properly. When
you have chronic kidney disease, you can also have
problems with how the rest of your body is working.
Some of the common complications of chronic kidney
disease include gout, anemia, bone disease, heart disease,
high potassium, high calcium and fluid buildup.
o Gout
e Anemia
e Metabolic acidosis
e Bone disease and high phosphorus
(hyperphosphatemia)
e Heart disease
e High potassium (hyperkalemia)
e Fluid buildup
Gout
Most commonly, kidney disease can cause gout. However,
gout may also lead to kidney disease. Since uric acid is
filtered through the kidneys, the two diseases are related.
Anemia
Your kidneys help your body make red blood cells. When
your kidneys are not working properly, your body may not
have enough red blood cells. This condition is called
anemia.
Metabolic Acidosis
Metabolic acidosis is a buildup of acid in your body. Your
kidneys help keep the right balance of acids in your body.
Metabolic acidosis is common in people with kidney
disease because their kidneys are not filtering their blood
well enough.
Bone Disease and High Phosphorus
(Hyperphosphatemia)

You need calcium and vitamin D to have healthy bones.

chronic kidney disease, your kidneys may not be able to
do this important job.
Heart Disease
Heart disease can cause kidney disease, but kidney disease
can also cause heart disease. Heart disease is the most
common cause of death among people on dialysis.When
your kidneys are not working well, they cannot support
the other parts of your body as they should. This can cause
problems with your heart.
High Potassium (Hyperkalemia)
Healthy kidneys filter extra potassium (a mineral found in
many foods) from the blood. If you have chronic kidney
disease, you need to limit your potassium because your
kidneys may not be able to filter it.
Fluid Buildup
Healthy kidneys take out extra fluid (liquid) from your
blood. When your kidneys are not working as well as they
should, they cannot take out enough fluid. This can cause
the extra fluid in your blood to build up in your body.
Having too much fluid in your body can cause problems
with your heart and lungs. It can also cause high blood
pressure, which is the second most common cause of
kidney failure. Controlling your fluid intake can help
prevent these problems and lower your risk for further
kidney damage. If your body is holding on to too much
fluid, you may notice a faster heartbeat and swelling that
starts in your feet and ankles and moves upward. Limiting
how much fluid you take in can help you feel better.
Use these tips to limit how much fluid you take in each
day and remain hydrated

eFollow a low-salt diet. Salt can make your body hold

on to more fluid than it should.
o If you are thirsty, try sucking on an ice cube or a hard

candy (sugar-free if you have diabetes).

Healthy kidneys help keep your bones healthy. If you have eRemember that foods, such as ice cream and soup, mc‘]
count as fluid. Fruits and vegetables also have fluid =
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in them. Each time you eat or drink something that
is considered a fluid, write it down. Keep track of
how much fluid you take in throughout the day.

Causes of Chronic Kidney Disease

Chronic kidney disease isusually caused by other

conditions that put a strain on the kidneys. Often it's the

result of a combination of different problems.

Chronic kidney disease can be caused by:

e high blood pressure — over time, this can put strain on
the small blood vessels in the kidneys and stop the
kidneys working properly

e diabetes—too much glucose in your blood can
damage the tiny filters in the kidneys

¢ high cholesterol — this can cause a build-up of fatty
deposits in the blood vessels supplying your kidneys,
which can make it harder for them to work properly

e kidney infections

e glomerulonephritis — kidney inflammation

e polycystic kidney disease — an inherited condition
where growths called cysts develop in the kidneys

e blockages in the flow of urine — for example,
from kidney stonesthat keep coming back, or
an enlarged prostate

e long-term, regular use of certain medicines — such as
lithium and non-steroidal
(NSAIDs)

Tests for Chronic Kidney Disease

anti-inflammatory drugs

Chronic kidney disease can be diagnosed using blood and
urine tests. These tests look for high levels of certain
substances in your blood and urine that are signs your
kidneys aren't working properly. If you're at a high risk of
developing kidney disease (for example, you have a
known risk factor such as high blood pressure or diabetes),
you may be advised to have regular tests to check for
chronic kidney disease so it's found at an early stage. The

results of your blood and urine tests can be used to tell the

© 2021, IIMACR, All Rights Reserved

stage of your kidney disease. This is a number that reflects
how severe the damage to your kidneys is, with a higher
number indicating more serious chronic kidney disease.
Treatments for Chronic Kidney Disease
There's no cure for chronic kidney disease, but treatment
can help relieve the symptoms and stop it getting worse.
Your treatment will depend on how severe your condition
is. The main treatments are:
o lifestyle changes to help you remain as healthy as
possible
e medicine to control associated problems such as high
blood pressure and high cholesterol
o dialysis — treatment to replicate some of the kidney's
functions; this may be necessary in advanced chronic
kidney disease
e Kkidney transplant — this may also be necessary in
advanced chronic kidney disease
You'll also be advised to have regular check-ups to
monitor your condition.
Outlook for Chronic Kidney Disease
Chronic kidney disease can range from a mild condition
with no or few symptoms, to a very serious condition
where the kidneys stop working, sometimes called kidney
failure. Most people with CKD will be able to control
their condition with medicine and regular check-ups. CKD
only progresses to kidney failure in around 1 in 50 people
with the condition.If you have chronic Kidney disease,
even if it's mild, you're at an increased risk of developing
other serious problems, such as cardiovascular disease.
This is a group of conditions affecting the heart and blood
vessels, which includes heart attack and stroke.
Cardiovascular disease is one of the main causes of death
in people with kidney disease, although healthy lifestyle
changes and medicine can help reduce your risk of

developing it.
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Method

Study Design: This is an observational study examining
2,340 patients with non-dialysis chronic kidney disease
stage Il1-V enrolled in three established prospective
cohorts of non-dialysis chronic kidney disease
patients.>®'® The three cohorts were originally built to
collect prospective epidemiologic information on
consecutive chronic Kidney disease patients under regular
care in nephrology clinics. Cohorts shared the main
inclusion (established diagnosis of chronic kidney disease
and first visit dating back more than 6 months before
baseline) and exclusion criteria (renal replacement
therapy, acute kidney injury, active malignancy). After
pooling the data, we excluded duplicate subjects and those
with chronic kidney disease stage I-1l or with missing
values of covariates included in survival analyses. For the
specific purposes of the present study, we stratified
patients in two groups: low-proteinuric (LP) group,
including patients with basal proteinuria level0.5 g/24h
and control group, constituted by those with basal
proteinuria >0.5 ¢/24h. The 0.5 level was chosen
according to the new classification of chronic kidney
disease that identifies patients with proteinuria above this
threshold as having “severe chronic kidney disease”.’* We
did not select the 0.150 g/24 value to separate the two
groups because this threshold, defining normality of
protein excretion, may be more appropriate in general
population than in our patients with overt chronic kidney
disease, under long term Nephrology care and treated with
antiproteinuric polytherapy.

Procedures

As for selection criteria, procedures did not differ in the
three studies. Participating nephrologists collected
information, including diagnosis of underlying renal
disease, history of cardiovascular (CV) disease, that is,

any documented event among myocardial infarction,

© 2021, IIMACR, All Rights Reserved

stroke, angina pectoris, heart failure, peripheral vascular

disease.  Nephrologists  performed the  physical
examination with assessment of height, body weight,
blood pressure (BP), and registered lab results and
therapy. Data were collected in anonymous electronic case
reports subsequently sent to the coordinating center for
analyses. The classification in two groups was made on
the basis of the proteinuria level registered at the first
available visit after at least six months of follow up in the
Nephrology clinic. That visit represents the baseline visit
in the present study. In the three cohorts, laboratory
protocols were standardized with in-house analyses. 24-
hour urine collection was obtained to quantify proteinuria
and evaluate adherence to the prescribed restriction of
protein and salt intake; collection was considered
inaccurate, and repeated, if creatinine excretion was
outside of the 60 to 140% range of the value calculated.™

Patients that likely have true chronic kidney disease, as
suggested by the prolonged and continuous nephrology
follow up. The importance of the clinical setting is
supported by the comparison of prognosis in our study
versus early work in general population and or unreferred
cohorts. Specifically, the residual risk of progression to
end stage renal disease in low proteinuric, though
relatively lower when compared to what observed for HP
patients, was still relevant in absolute terms. In large

2021 iy fact, the mean

studies in general population,
incidence rate of end stage renal disease ranged from
0.004 to 0.1/100 subject-y, a 30- to 700-fold lower rate
than what recorded in lowproteinuric patients (2.7/ 100 pt-
y). Finally, chronic kidney disease patients exclusively
followed in the primary care setting, and with age and
eGFR similar to our referred lowproteinuric group,? had a

10-fold lower end stage renal disease incidence (0.25/100

pt-y).
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Overall, these data therefore indicate that chronic kidney
disease patients are at a relatively higher risk of end stage
renal disease even after a prolonged nephrology care and
even in the presence of low proteinuria. Interestingly, the
two groups showed similar cardiovascular risk (fatal and
non-fatal cardiovascular events). Reason for this result is
not readily apparent; however, it may depend on the fact
that the higher cardiovascular risk conveyed by older age
in low proteinuric is counterbalanced by the larger
prevalence of diabetes, besides and beyond the higher
proteinuria in this group that increases cardiovascular
risk.?® Noteworthy, the separate analysis of the two groups
also allows to optimize risk profile and discrimination of
the risk factors specific to either outcome. Due to the
clinical setting of tertiary nephrology care, focusing on
risk factors potentially modifiable by therapy becomes
particularly important. When examining mortality risk,
besides low hemoglobin, that had a significant predictive
role in either group, smoking emerged as a major
modifiable determinant specific to low proteinuric
condition. Low proteinuric patients may be therefore more
exposed to the worsening effect of smoking on survival. It
is reasonable to hypothesize that this association may
relate to the superimposition of smoking,that linked to
atheromatosis and vascular calcification, over an ischemic
background correlated to the older age and the higher
prevalence of hypertensive disease in this group.2*®. The
remarkable prognostic role of this habit suggests that more
time and efforts should be dedicated particularly in these
patients for counseling on smoking. Similar to smoking,
also the degree of proteinuria predicted mortality in low
proteinuric only; this finding may be coherent to the role
of low-grade proteinuria as recognized proxy of

atherosclerosis-associated vasculopathy.?’

© 2021, IIMACR, All Rights Reserved

As observed for mortality risk, the modifiable

determinants of renal prognosis differed in low
proteinuric. Higher basal metabolic index tells a lower end
stage renal disease risk only in this group. It is possible
that the renal protective effects of “better” nutritional
reserves may be enhanced in low proteinuric due to their
distinctive characteristics, older age and a pro-
atherosclerotic.”® Indeed, a recent large study in general
population has shown that moderately increased basal
metabolic index prevalent feature in our population
protects against loss of renal function in older patients.”®
An original finding, of great clinical relevance, is the
linkage between phosphorus and proteinuria on renal
prognosis. Phosphorus emerged as the main modifiable
determinant of end stage renal disease in low proteinuric.
This role persisted also in patients although the association
of phosphorus and risk of end stage renal disease was
significantly attenuated in the presence of higher levels of
proteinuria. Relevance of these observations increases
when considering that phosphorus levels, normal in the
vast majority of cohort, were significantly lower in low
proteinuric. This difference is mainly due to the higher
eGFR in low proteinuric; however, we cannot exclude the
contribution of a lower tubular reabsorption of phosphorus
linked to the low proteinuria in this group, as recently
suggested by an experimental study.®* The interaction
between phosphorus and proteinuria on renal risk adds
novel insights into the critical -and so far still unsolved-
issue of the definition of the optimal phosphorus levels in
non-dialysis chronic kidney disease.***? Indeed, while
previous studies have collectively evidenced that P levels,
even in the normal range, predict progression to ESRD,*
data obtained in more than 10,000 chronic kidney disease
patients with eGFR <60 ml/min per 1.73m2 confute this

independent association.* Our results suggest that the
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predictive role of P on renal outcome is strongly
influenced by the entity of proteinuria.

In this regard, two hypotheses can be made. The first is
merely related to the potential limitations intrinsic to all
survival analyses, that is, the strength of an association
between exposure to a given risk factor (proteinuria) and
outcome end stage renal disease may be so high to
attenuate the role of other risk factors (phosphorus). The
second is more based on pathophysiology; indeed, the
causative role of phosphorus on chronic kidney disease
which

progression, is mainly mediated by tubulo-

interstitial fibrosis similarly to proteinuria, 3

may be
greater if the proteinuria-induced renal injury is less
evident. This latter hypothesis is supported by the
evidence that the nephroprotective effects of
antiproteinuric therapy increases when phosphorus levels
are low.*”* Interestingly, the two groups shared a higher
end stage renal disease risk in diagnosis of primary renal
disease. This observation suggests that, at least so far, this
specific renal disease suffers of the paucity of effective
therapeutic tools with respect to other renal diseases.
Indeed, in a recent study by our group, we found that after
intensification of therapy during first year of Nephrology
care in chronic kidney disease patients, risk of end stage
renal disease decreased in all renal diseases.? Our study is
limited by the assessment of predictors only at baseline;
nevertheless, the prolonged follow up in nephrology prior
to basal visit 12 months on average reasonably excludes
substantial changes of risk factors in the subsequent
period. Furthermore, our analysis does not allow to
distinguish patients who reverted from high proteinuria
status from those with proteinuria persistently low;
however, the study was designed to evaluate low
proteinuric with the aim of refining risk stratification after
long-standing nephrology care. Finally, analyses of factors

associated with end stage renal disease .On the other hand,

© 2021, IIMACR, All Rights Reserved

the study has strengths such as the size of population,
which is relatively large when considering the referral
status of patients, as well as the fact that survival analyses
were adjusted for several factors, including the renal
diagnoses which in many population based cohorts is not
the case.

Conclusion

This study provides novel information on the non-dialysis

chronic kidney disease population under regular

nephrology care. We found that low proteinuric patients
are the majority and show distinctive basal features. More
important, they are more exposed to death than end stage
renal disease and do present differences in the modifiable
determinants of either outcome; indeed, while smoking
plays a role for mortality, lower BMI and higher
phosphorus levels -even if in the normal range- are
predictors of end stage renal disease. These data extend to
the population of patients regularly followed in
nephrology the clinical relevance of the 0.5 g/24h
proteinuria threshold,that has been indicated by the new
guidelines as a simple marker to stratify the risk in the
general non-dialysis chronic kidney disease population.

Overall, these data support the need to further study the

low proteinuric chronic kidney disease population to guide

management.
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