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Abstract
Chronic kidney disease (CKD) is a type of kidney disease in which there is gradual loss of

kidney function over a period of months to years. The clinical protocol of CKD forecasts that
markers such as serum creatinine, the estimate of the glomerular filtration rate value,
microalbuminuria, cystatin c are evaluated as routine markers. In recent years, new studies have
identified new markers to diagnose and assess the level of kidney damage.

The prevalence of CKD increases in subjects suffering from cardiovascular and metabolic
diseases. The highest risk of cardiovascular risk in the CKD patient compared to the general
population is related to risk factors such as hypertension, obesity and specific renal disease
factors such as albuminuria.
Physical exercise, especially aerobic, has been seen through the analysis of urinary markers,
able to mitigate the adverse effect of sedentary, hypertension and interstitial damage in patients
with CKD and decrease the urinary levels liver-type fatty acid binding protein (L-FABP) and

lower urinary albumin excretion.

Keywords: chronic kidney disease, physical exercise, glomerular filtration, urinary markers,

chronic exercise.



1. Introduction

The kidney is an organ with a very important function such as filter waste and excess fluid
from the blood but also secrete erythropoietin (that promotes the maturation of red blood cells)
and renina (which has an important role in regulating blood pressure).

Chronic kidney disease (CKD) is a condition in which the kidneys are damaged and cannot
filter blood as well as they should. This alteration of physiological function may cause other
health problems. CKD represents an important mortality and morbidity risk [1] r. It has been
found, in general population and in studies conducted by nephrological units, that the presence
of an estimated glomerular filtration rate (¢GFR) <60 mL / min / 1.73m2 or proteinuria is
associated with a high risk of greater, over time, major cardiovascular events (i.e. coronary
heart disease, heart failure, peripheral vascular disease), progression of renal damage (reduction
of eGFR and entry into dialysis) and mortality from all causes [2].

High blood pressure can damage blood vessels in various parts of the body by reducing the
blood supply to important organs such as the kidneys. Blood pressure also drops in the small
filters present in the kidneys, making them unable to remove excess solid and liquid waste from
the blood. In turn, excess fluids serve to increase blood pressure by accumulating along the
walls of the blood vessels. On the other side, arterial hypertension, can also result from
nephropathy. The kidneys, in fact, play a fundamental role in keeping blood pressure within
the correct values. Malfunctioning kidneys can perform very little to regulate blood pressure
thereby causing hypertension. In patients with CKD, hypertension increases the likelithood of
an aggravation of the kidney condition which can lead to cardiac complications.

The importance of regular physical activity, especially aerobic exercise, has been demonstrated
in preventing the development of coronary artery disease and reducing blood pressure [3, 4].

Recent studies have shown that high levels of physical activity are associated with an



improvement in functional capacity, low risk of CKD and a slower decline in glomerular
filtration.
In this review we will focus on urinary markers as a diagnostic method for CKD and for

assessing the effects of exercise on kidney function.

2. Markers of kidney disease and damage

To detect, manage and evaluate the prognosis of kidney disease, GFR is essential as a marker
for interpreting symptoms. Stabilizing the GFR value is not easy and it is indirectly evaluated
by clearance of filtration markers which are eliminated by the kidney only by glomerular
filtration. The GFR value is associated with age, sex and body surface and are 120 and 130 ml
/ min per 1.73 m2 in young men and women, respectively; the value of GFR decreases with
age [5].

The measurement of the GFR takes place via indirect measurement such as the authorization
of the filtration marker which are eliminated by the kidneys not only by glomerular filtration.
Normally, eGFR is calculated using the equation prediction used serum products with creatine
or cysteine in addition to demographics such as age, gender and race.

Creatine phosphate is a biomarker widely used in the clinic for the evaluation of GFR but is
not very accurate being directly influenced by muscle breakdown during muscle contraction
and therefore by muscle mass [6,7,]. This limitation is a very important factor for the estimate
of GFR in a population such as CKD which has reduced muscle mass [8].
Instead, cystatin-C (CysC) is suggested as an alternative measure of eGFR because it is
associated with the risk of death and progression of renal disease [9]. However, its use is
limited by greater variability in serum levels compared to creatinine (75% versus 7%) among

patients [10].



The most common equations that are used in the clinic to value GFR are: Cockroft Gault (CG)
[11], 4-modification of diet in renal disease (MDRD)[12], urea / CysC Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) clearance [13] and combined CysC and creatine [ 14].
CG is a formula that does not take into account the gender, race and body surface area and has
only been tested on a population of white men [11]. MDRD equation has been studied and
developed in a population of white and non-diabetic men with CKD at stages 3 and 4. The GFR
values obtained by CG formula or MDRD are not precise. Calculation of GFR (urea / CysC
CKD-EPI) clearance (uses the value of creatinine and cystatin C, age, gender, ethnic group)
with and combined CysC and creatine equation offers today the most accurate estimate of the
GFR.

The detection of microalbuminuria (MA) is the sign of organ damage and is associated with an
increase in cardiovascular mortality in diabetic and non-diabetic individuals [15]. MA is the
most sensitive alteration parameter of the filtration barrier and is defined as an excretion of
albumin in the urine which exceeds the normal limits. MA in a urine sample is albumin
excretion rate (AER) > 30 mg/24 h or an albumin-creatinine ratio (ACR) of 30-300 mg/g (0.3-
3 mg/mmol). Higher values indicate macroalbuminuria, also called clinical nephropathy.
ACR> 30 mg / g has been shown to be a risk factor for cardiovascular death and all-cause
mortality, progression of kidney disease, acute kidney injury and kidney failure [16].

The presence of MA has been shown to predict the development of full-blown renal failure and
cardiovascular events in type 1 and type 2 diabetic patients. In assessing kidney damage,
combining MA with eGFR improves the prediction of CKD progression. In a 2010 cohort
prospective study [17] the authors evaluated the combination of eGFR, creatinine, CysC urine,
ACR. The study highlighted how: increased albuminuria was an independent risk factor for all-
cause mortality, decreased eGFR was associated with increased mortality risk in those with

high-normal and high ACRs. The mortality rate was low in the normal-ACR group and



increased in the very-high-ACR group, but did not vary with eGFR. In this cohort the adjusted
mortality risk was six-fold higher in patients with CKD identified by all three markers and was
also three-fold higher in patients with CKD defined by both eGFR CysC, compared to those
with CKD defined by eGFR creatinine alone. Albumin in urine is therefore a very important
marker in the assessment of kidney damage but the diagnosis can be even more precise if the
values of CysC and serum creatinine level are also associated with it.

In the evaluation of kidney damage, other markers which could be considered kidney injury
molecule (KIM-1), monocyte chemoattractant protein 1 (MCP-1) and urine retinol-binding
protein 4 have also been considered in recent years. KIM-1 is a type 1 transmembrane protein
whose expression has been upregulated after kidney injury [18]. MCP-1 belongs to the group
of inflammatory chemokines. Expression of MCP-1 is upregulated in kidney diseases that have
a sustained inflammatory response, such as in diabetic nephropathy and lupus nephritis [ 19].
Studies have demonstrated glomerular and tubular kidney cells release MCP-1 in response to
high glucose levels and urine levels of MCP-1 are increased in diabetic nephropathy [20].
Finally, retinol binding protein 4 (RBP4)is a 21 KDa protein derived of plasma and it is filtered
at the glomerulus and completely reabsorbed in proximal tubule. Above all, it is used in several
disease related with proximal tubule dysfunction, either hereditary such Dent type 1 syndrome
and Lowe syndrome. Sensitivity for urinary RBP4, however, decreases in patients with kidney

diseases due to false positive results [21].

3. Physical exercise and urinary biomarkers
Urinary markers are used in clinical research to early diagnose cardiovascular disease, cancer,
rejection following kidney transplantation. Some urinary markers could be useful to assess
physical activity and its relationship with some diseases. In this field, the analysis of urine,

however is complicated by the need to interpret the increase or reduction of potentially



thousands of molecules. Moreover, some markers are influenced by the frequency, duration
and intensity of the physical exercise.

In a prospective study, the authors [22] verified if there was a relationship between physical
activity level (total, high, low), time spent sitting, sedentary behavior with eGFR and
albuminuria. In this study, 2258 individuals between the ages of 40 and 75 were enrolled and
it was evaluated the level of physical activity and the eGFR values. The total amount of physical
activity was based on the stepping posture and calculated as the mean time spent in stepping
during waking time per day. The level of physical activity (high intensity physical activity
(HPA) or low intensity (LPA)) was calculated: HPA minutes with step frequency > 110 step /
min during walking time while LPA minutes with step frequency <110 step / min during
walking time.The total amount of sedentary time was based on the sedentary posture (sitting /
lying), and calculated as the mean time spent in a sedentary position during waking time per
day. Three constructs of sedentary behaviour patterns were identified: number of sedentary
breaks, number prolonged sedentary bouts, and average sedentary bout duration.

GFR was estimated with the CKD-EPI equation based on the combination of serum creatinine
and serum cystatin C (eGFRcr/cys).

More daily HPA was also associated with a higher eGFRcrcys afteradjustment for confounders
and sedentary time (B =0.53 (0.21; 0.85) ml / min / 1.73m2 for 10 min daily HPA), while more
daily sedentary time was associated with a lower eGFRcrcys (B =-0.71 (-1.08; -0.35) ml / min
/1.73m2 per h/daily sedentary time. Having more daily prolonged sedentary bouts and having
a longer average sedentary bout duration were both associated with a lower eGFRcreys.
Regarding albuminuria and daily activity, more daily total physical activity was associated with
lower ORs (odds ratio) for higher urinary albumin excretion (UAE), although this was not
evident for all quartiles. Prolonged sedentary bouts and having a longer average sedentary bout

duration were only



associated with a higher odd for a UAE of 15- <30 mg / 24h and 30 mg / 24h.

The data from this study highlight how there is a relationship between the level of physical
activity and sedentary behavior with the levels of eGFR and albuminuria. In particular, it
emerges that the level of physical activity is associated with better kidney function, while high
levels of sedentary lifestyle lead to greater adverse kidney function and more kidney damage.
Physical activity has the effect of improving endothelial function. A urinary marker inserted to
evaluate this aspect is MA which is an accepted marker for endothelial damage and an
independent predictor of cardiovascular morbidity and mortality.

The effects of exercise on MA values have been not yet well defined in the literature. A study
published by Janine Poss et al [23] reports that physical activity could be an independent
predictor for decreased risk of MA. The patients treated or untreated for arterial hypertension
were divided into active (at least 4 hours per week) and inactive. The parameters analyzed
included, in addition to MA and physical activity, also eGFR, blood pressure values, HbA1C,
diabetes mellitus, and others. In physically active patients, the prevalence of MA (UAE> 30
mg / 1) was significantly lower compared to the inactive group (54% vs 61%, P <0.0001). This
association was observed for all classes of systolic blood pressure and heart rate as well as in
non-diabetic and in diabetic patients. For this reason, the researchers highlighted that the
exercise-induced reduction on blood pressure and heart rate could contribute to the reduction
of MA by reducing intraglomerular pressure.

A sedentary lifestyle was associated with an increased risk for MA. The lower UAE levels
found in active patients compared to non-active ones imply how regular physical activity
reduces renal and organ damage. In a multivariate analysis, risk reduction associated with
strenuous exercise (OR 0.66; 95% CI10.47-0.95; P <0.05) was higher than that associated with

moderate physical exercise (OR 0.76; 95% CI 0.68-0.85; P <0.0001). These results highlight



how the benefits can be related to the dose of exercise and how physical activity reduces
cardiovascular risk, considering MA as an independent cardiovascular risk marker.

The relationships found between high levels of physical activity and low levels of urinary
albumin excretion were published in a cross-sectional study that included type 1 diabetic
patients. Patients with MA were those who practiced low levels of physical activity compared
with those with a normal albuminuria (p <0.05) [24]. While in another study, the
microalbuminuria levels were observed in a cohort of 30 type 2 diabetic patients and after 6
months of aerobic exercise MA level were observed in only 1 patient [19,25].

The relationship between exercise and albuminuria is still controversial; it could be assumed
that this is due to the effects on the vascular endothelium mediated by nitric oxide. In fact, in
some studies, an increase in urinary albumin values in endothelial damage has been observed
[26,27]. In men, aerobic exercise has been observed to increase nitric 0 may induce the
acceleration of vasodilation in the kidney [28].

In a study conducted by Kosaki et al [29] the authors verified the relationship between physical
exercise and urinary L-FABP in middle ages and older adults and to determine the effect to
aerobic exercise training on urinary L-FABP levels. Urinary L-FABP has been validated as
novel tubular biomarker and it has been shown to be related to the progression of CKD. In this
study, L-FABP was evaluated as the ratio of urinary L-FABM (mcg) to urinary creatinine level
(in grams). Inthe intervention group, it was observed how dose and response effect to exercise
resulted in a significant decrease in weight and body mass index (BMI) and improvement in
aerobic fitness (VO?2 peak). Blood pressure data, both systolic and diastolic, in the intervention
group recorded original differences.

The renal parameters eGFRct ( serum creatine level), eGFRcys ( cystatin C level) and urinary
albumin level were not statistically different between the two groups, showing no dependent

correlation with physical activity. After 12 weeks of aerobic exercise L-FABP levels in the



intervention group decreased significantly (p <0.05); in addition, L-FABP levels were inversely
correlated with the improvement of aerobic fitness (r = -0. 374, p = 0.038) and positively
correlated with relative changes in mean arterial pressure (r=0.530; p = 0.002). These values
can be related to the increase in endothelium-derived nitric oxide. This hypothesis is supported
by the reduction of blood pressure and intra renal resistive index by aerobic exercise training.

Furthermore, the levels of L-FABP were higher in the group that practiced higher physical

activity than in the lower physical activity group. This highlights the strong relationship

between the level of physical activity and degrees of various stresses on renal proximal tubule.
From a clinical point of view, the L-FABP levels were 3,6ug / g creatinine in middle aged and
older healthy subject adults, while the value increased in patients with hypertension (5.2ug /g
creatinine) and diabetes mellitus (5.5p1g / g creatinine). This value increased further in subjects
with comorbidities, such as hypertension and diabetes mellitus (risk factors for onset CKD). L-

FABP decreased by 1.27ug / g creatine after the 12-week aerobic exercise in the intervention

group.

4. Conclusions
Recent studies in molecular biology have highlighted how GFR is the most used parameter in
the clinic and remains the ideal marker of renal function, however albumin remains the most
used marker in the assessment of organ damage as it gives an excellent estimate of the
development of the disease.

Furthermore, new biomarkers such as KIM-1, MCP-1, urinary RBP4, have emerged in
publications in recent years regarding kidney damage. However, no accurate data are still

available to use these biomarkers in clinical practice.



Urinary markers, in recent years, have also been studies to evaluate the effects of physical
activity in subjects with CKD. Most of these are studied analyzing the combination of the level
of physical activity and other markers such as eGFR, albuminine L-FABP etc.

In the meantime, current biomarkers in CKD should be implemented with caution recognizing

their strengths and limitations.
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