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Abstract

* Corresponding author

Introduction: Chronic kidney disease (CKD) has a natural evolution toward the loss of
progressive kidney function; however, there is controversy about whether the progres-
sion has a constant and predictable rhythm. The objective of the present study was to
identify the risk factors associated with progression ina group of children with CKD.

Methods: This longitudinal study was carried out in a follow-up of children under 16
years of age diagnosed with CKD in stages 3 and 4 at the Hospital de Pediatria, Centro
Médico Nacional Siglo XXI, from October 2014 to October 2015. Somatometry, blood
pressure, creatinine, hemoglobin, cholesterol, triglycerides, phosphorus, bicarbonate,
proteinuria, and CKD progression were measured. The sample is compared between
those who presented progression (P-ERC) and those who did not (SP-ERC). Values with
medians are presented.

Results: 35 patients were ten years old, 18 women (54.4%), and 57% had urinary tract
malformations. After follow-up for 2.95 years, the glomerular filtration rate (GFR) was
31.7 ml/min/1.73 m2. In stage 3, 20 patients were 8.7 years old, and 60% were women.
In stage 4, 15 patients were 11.4 years old, and 66.7% were men. The decrease in GFR
was 6.7 ml/min/1.73 m2/year, 6.6 for stage 3, and 2.8 for stage 4. Cholesterol levels
were associated with the progression of kidney damage (P=0.03), and other factors
were not significant. In both groups, the number of patients with obesity increased
(P>0.05).

Conclusion: In the first year, 50% of the patients had P-CKD. Stage 3 patients have a
higher velocity P-CKD. Hypercholesterolemia is a factor in the progression of CKD in
children.
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l Yhe progression of chronic kidney disease (CKD) in
children is influenced by various factors, some of which
may be modifiable, such as arterial hypertension,

proteinuria, glycemic control, obesity, dyslipidemia, anemia,

and metabolic factors [1]. Children with CKD do not have the
same epidemiological profile as adults, and modifiable factors

are likely to have a different pattern than adults [2].

Regarding proteinuria in the pediatric age group, the
Ttalkid project evaluated patients with hypoplastic kidneys,
dividing them into three groups: a group without proteinuria,
another with mild proteinuria (protein/creatinine ratio 0.2-0.9),
and the third with moderate proteinuria (protein/creatinine ratio
> 0.9). CKD progression was defined as renal function
deterioration > 3 ml/min/1.73 m2 per year. The patients were
followed up for an average of 3 and a half years; more significant
deterioration of renal function was observed in patients in the
group with moderate proteinuria, with a decrease in glomerular
filtration rate (GFR) of 3.61 = 5.4 ml/min/1.73 per year,
compared to the groups without proteinuria or mild proteinuria
(0.16 £ 3.64 and 0.54 = 3.67 ml/min/1.73 m2 per year,
respectively) (P < 0.0001) [3].

On the control of hypertension in children, in the cut made
in 2003 of the NAPRTCS study, Mitsnefes et al. [4] analyzed
3,834 patients between the ages of 2 and 17 years with a GFR
< 75 mL/min/1.73 m2. The study's endpoint was defined as the
start of substitution therapy or deterioration in GFR of 10
mL/min/1.73 m2 concerning the baseline. The results describe
that the children who presented hypertension at the start of the
follow-up had a higher proportion of deterioration than those
with normal blood pressure (58% vs. 49%). In contrast, when
performing the multivariate analysis, systolic arterial hyperten-
sion was determined to be an independent factor (P = 0.003) of
renal function deterioration.

Few studies document the prevalence of dyslipidemia in
children and adolescents with CKD. A meta-analysis by Fried et
al. from a total of 362 CKD patients in clinical trials with a small
number of participants suggests that dyslipidemia treatment was
associated with a 1.9 mL/min improvement in GFR when com-
pared to controls without this treatment [5], while in a study
carried out in 2011 by Holl R et al. in German, Swiss and Aus-
trian adolescent patients showed that for every 10 ml/min/1.73
m2 decrease in GFR, there was a positive correlation with the
increase in cholesterol, triglycerides, and cholesterol but no
HDIL, as well as a negative correlation with HDL cholesterol. In
particular, children with a GFR < 30 mL/min/1.73 m2 were at
increased risk of developing dyslipidemia [6].

Regarding anemia as a factor of progression, a multicenter
and prospective study of 23 adolescents with CKD between the

ages of 11 and 18 observed every six months for three years
reported a decrease in GFR of 5.6 ml/min/1.73 m2 per year.
The decrease was more significant in patients with anemia (hem-
atocrit < 36%): 7.8 ml/min/1.73 m2 (95% CI: 3.3 - 12
ml/min/1.73 m2) [7].

There is now evidence that metabolic acidosis contributes
to the progression of kidney disease in adults and children [8].

Children with chronic kidney disease have a high metabolic
syndrome and obesity prevalence. These children experience a
more rapid decline in renal function [9] compared to children
with normal BMI.

With these antecedents, the present study's objective was
to identify the factors associated with the deterioration of renal
function in pediatric patients with chronic kidney disease in
stages 3 and 4 in a national pediatric reference center in Mexico
with a minimum follow-up of 6 months.

Materials and methods

Study design
The present study is observational, descriptive, and longitudi-
nal.

Scenery

The study was conducted in the nephrology department at the
High Specialty Medical Unit, Hospital de Pediatria, Centro Mé-
dico Nacional Siglo XXI, Instituto Mexicano del Seguro Social,
Mexico City, Mexico, from October 1, 2014, to October 1,
2014. October 2015.

Participants

Pediatric patients with a diagnosis of stage 3 and 4 chronic kid-
ney disease who were evaluated in the outpatient clinic of the
institution were included. Renal transplant patients were ex-
cluded. Patients who reached the age of majority and who lost
continuity of control in the outpatient clinic were excluded.
Cases with incomplete data for analysis, incomplete medical rec-
ords, or without follow-up after admission were eliminated.

Variables

The variables were anemia, nephrotic range proteinuria, hyper-
cholesterolemia, hypertriglyceridemia, hyperphosphatemia, sys-
tolic arterial hypertension, diastolic arterial hypertension, etiol-
ogy of chronic kidney disease, obesity, age, and sex. Confusion
variables were considered to be the treatment received, the time
of evolution of CKD, and the stage of CKD. The dependent var
iable was the progression of chronic kidney disease.
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Data sources/measurements

The source was indirect; the institutional electronic file, statistics
registry, nephrology, and outpatient services were reviewed. The
glomerular filtration rate (GFR) in this study was estimated by
calculating creatinine clearance with the Schwartz update for-
mula.

Biases

To avoid possible interviewer, information, and memory biases,
the principal investigator kept the data at all times with a guide
and records approved in the research protocol. Observation and
selection bias was avoided by applying the participant selection
criteria. All the clinical and paraclinical variables of the period
above were recorded. Two researchers independently analyzed
each record in duplicate, and the variables were recorded in the
database once their concordance was verified.

Study size

The sample was nonprobabilistic, census-type, where all possi-
ble cases from the study period were included since there is a
low prevalence of CKD in the pediatric population that attends
the institution.

Quantitative variables

Descriptive and inferential statistics were used. The results were
expressed on a scale of means and standard deviation. Categor-
ical data such as sex are presented as proportions.

Statistical analysis

Noninferential and inferential statistics are used. For the descrip-
tive analysis, measures of central tendency and dispersion were
calculated according to the measurement scale of each of the
variables. Qualitative variables will be presented with absolute
numbers and percentages; for the quantitative variables, the me-
dian is a measure of central tendency, and the minimum and
maximum values are measures of dispersion.

Inferential analysis: The comparison between two groups for the
quantitative variables will be made with the MannXWhitney U
test, and the comparison of proportions will be made with the
chi-square test.

The statistical significance level was P < 0.05. The statistical
package used was SPSS 25.0 (IBM Corp. Released 2017. IBM
SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM

Corp.).

Results

Participants
Thirty-five patients were studied out of 79 (Figure 1).

Baseline characteristics of the study population

The median age at the time of the first consultation was ten
years; there were 18 women (54.4%), the overall follow-up was
2.95 years, and a median GFR estimated by the height of 31.7
ml was calculated./min/1.73 m2. Urinary tract malformations
were the most common etiology (57%) and included
vesicoureteral reflux, neurogenic bladder, and posterior urethral
valves. The study population was classified by glomerular filtra-
tion rate, placing them in stage of CKD 3 or 4. The group of
patients in stage 3 was made up of 20; the median age was 8.7
years, 60% were female, and the median follow-up was 2.8
years. The group of stage 4 patients consisted of 15 patients,
whose median age was 11.4 years; 66.7% were male, with a
median follow-up of 3.1 years (see Table 1). For both stages,
urinary tract malformations were the most frequent etiology.

Figure 1. Participant flow chart.
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Evaluation of renal function and rate of progression

The GFR had an overall median at the beginning of the study of
31.7 ml/min/1.73 m2; for stage 3, it was 42.5 ml/min/1.73
m2, and for stage 4, it was 18 ml/min/1.73 m2. In 18 patients
(54.42%), a decrease in the GFR of more than 3
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ml/min/1.73m2 per year was observed, 11 (31.4%) patients had
no decrease in creatinine clearance of more than 3
ml/min/1.73m2 per year, and in 6 patients (17.5%), an im-
provement in creatinine clearance was observed. The median
global progression rate was 6.7 ml/min/1.73 m2 per year, 6.6
ml/min/1.73 m2 per year for patients in stage 3, and 2.8
ml/min/1.73 per year for those who were in stage 3.

Factors associated with the progression of kidney disease

At the beginning of the study, the variables were not different
between the groups (Table 2). When classifying each factor ac-
cording to the abnormality cutoff point, we observed that in the
group of patients located in stage 3, the percentage of patients
with both systolic and diastolic hypertension was higher for the
group corresponding to stage 4; on the other hand, the percent
age corresponding to nephrotic proteinuria, hypercholesterole-
mia, and hypertriglyceridemia was higher in this last group. The
percentages corresponding to anemia, metabolic acidosis, and
hyperphosphatemia were similar for both groups (see Table 3).

Analysis of CKD progression
In the group that presented progression of kidney disease, me-
dian proteinuria and triglycerides increased concerning baseline.

The median percentiles for systolic blood pressure and choles-
terol decreased (see Table 4). The group without chronic kidney
disease progression presented a decrease in the median for tri-
glycerides; for the rest of the identified variables, there was no
significant difference (see table 4). Only elevated cholesterol lev-
els at the start of follow-up were associated with the progression
of kidney damage (P =0.03). Comparing the groups that pro-
gressed or not, according to the behavior of the factors with the
cutoff point of abnormality, for the group of patients with pro-
gression, it was observed that more patients had hypertriglycer-
idemia, hypercholesterolemia, metabolic acidosis, and hyper-
phosphatemia at the end of follow-up despite the treatment es-
tablished. In addition, fewer patients presented nephrotic pro-
teinuria.

For the group without progression, the number of patients
with arterial hypertension, hypertriglyceridemia, metabolic aci-
dosis, and hyperphosphatemia decreased, and the number of pa-
tients with nephrotic proteinuria increased. In both groups, the
number of patients with obesity increased (see Table 5). None
of the factors studied at the beginning of the study were associ-
ated with CKD progression. Due to the sample size, it was not
possible to calculate the risk of renal function progression by the
factor associated with it.
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Discussion

One of the most frequent etiologies of CKD in children is uri-
nary tract malformations; in this study, urinary tract malfor-
mations were the most frequent cause. In girls, the most frequent
malformation was vesicoureteral reflux, and in boys, posterior
urethral valves. This behavior could be explained by the less ag-
gressive damage mechanism in vesicoureteral reflux, unlike pos-
terior urethral valves, where much of the damage is intrauterine.
Therefore, although there are more girls with stage 3 malfor-
mations, stage 4 men predominate.

Both the ItalKid project [3] and the REPIR II project [1],
studying pediatric patients from stages 2 to 5, reported urinary
tract malformations as the most common etiology in 53.6 and
59% of patients, respectively. In the North American Pediatric
Renal Trials and Collaborative Studies (NAPRTCS) [4], which
gathers information on the pediatric population of the United
States, Mexico, and Canada, stage 3 to 5 CKD, uropathies were
also reported as the leading cause of kidney disease. Chronic
(48%), this prevalence has also been reported in Latin America
[10].

The median of GFR found at the beginning of this study
was 31.7 ml/min/1.73 m2, which was lower for the ItalKid pro-
ject (41.7 ml/min/1.73 m2) and the REPIR II project (39.5
ml/min/1.73 m2). These studies included patients from stages
2 to b without renal replacement therapy.

In this study, a median GFR loss of 6.6 ml/min/1.73 m2
per year was calculated in stage 3. Considering that these pa-
tients started with a median GFR of 42 ml/min/1.73, they could
require renal therapy replacement in approximately three years.
In stage 4 patients who had an initial median GFR of 18
ml/min/1.73 m2, a rate of progression of renal damage of 2.8
ml/min/1.73 m2 per year was calculated, and considering that
most patients are admitted on dialysis with a GFR of less than
10 ml/min/1.73, this group is expected to be on renal replace-
ment therapy for 3 years.

Proteinuria is one of the main factors associated with the
progression of kidney damage, causing interstitial inflammation
and fibrosis. Ardissino et al. [3] demonstrated an association be-
tween CKD progression and proteinuria, where initial pro-
teinuria was correlated as a predictor of kidney damage. In this
study, it was not statistically proven to be a factor of progres-
sion, probably due to the low number of cases included.

Arterial hypertension is a factor associated with the pro-
gression of kidney damage since it results in an increase in intra-
glomerular pressure that leads to glomerular hypertrophy and
glomerulosclerosis. In the present study, it was not possible to
demonstrate a significant difference in hypertension as a risk fac-
tor for progression. This result is different from what was found
in the NAPRTCS23, which included 3834 patients, from 2 to

17 years of age, with a GFR of less than 75 ml/min/1.73 m2.
It was identified that 48% of the patients were hypertensive at
the beginning of the study. In addition, there were statistically
significant differences between hypertensive and normotensive
patients (58% vs. 49%, respectively, P <0.0001) with a GFR be-
tween 50-75 ml/min/1.73 m2 (P <0.0001).

Dyslipidemia conditions capillary endothelial damage in
mesangial cells and podocytes. In patients with chronic kidney
disease, the typical lipid pattern consists of elevated triglycerides
(T'Gs) and decreased HDL cholesterol, especially after stage 3.
Experimental studies have shown that dyslipidemia conditions
the development of progressive proteinuria and glomerular dam-
age without the presence of hemodynamic changes. In this
study, there was a higher frequency of hypertriglyceridemia in
stage 4 patients than in stage 3 patients (40% vs. 30%), which is
consistent with the hypothesis that the greater the renal damage
is, the more hyperlipidemia there is. However, at follow-up, the
proporttion in both groups differed according to progression;
there was no difference.

Saland et al. [11], in the CKiD study, studied dyslipidemia
in children with chronic kidney disease, including 391 children
under 16 years of age. It showed a high prevalence of hypertri-
glyceridemia in 126 patients, with a median of 106 mg/dl, an
increase in non-HDL cholesterol in 62, and a reduction in HDL
in 83. The decrease in the glomerular filtration rate was related
to the increase in triglyceride levels of 8% on average (95% CI:
5%, 11%) for each 10 ml/min/1.73 m2 decrease in glomerular
filtration rate. They confirmed that hypertriglyceridemia is asso-
ciated with decreased glomerular filtration. For this study, it was
not possible to demonstrate it due to the sample size. However,
the median triglycerides in the group that presented progression
were higher than reported.

Regarding cholesterol, in this study, it was observed that
there was an association of progression with high levels of cho-
lesterol at the beginning of the study (P = 0.03), in addition to
an increase in frequency both in the group that progressed and
in the group that did not; however, the proportion was higher
hypercholesterolemia in the group that progressed at the begin-
ning. In this regard, Holl R et al. [12], in 2011, conducted a
studyin German, Swiss, and Austrian adolescent patients, show-
ing that for every 10 ml/min/1.73 m2 decrease in GFR, there is
a positive correlation with the increase in GFR in cholesterol,
triglycerides and non-HDL cholesterol as well as a negative cor-
relation with HDL cholesterol. Children with GFR < 30
ml/min/1.73m2 had a higher risk of presenting dyslipidemia.
Isolated diet-induced hypercholesterolemia is associated with
glomerular damage of focal segmental glomerulosclerosis and
progressive renal failure in different experimental models.

Anemia has been related to cellular hypoxia, which in-
creases oxidative stress, influencing the deterioration of renal
function. In addition to the symptoms typical of any chronic

Mota A, et al. REV SEN 2022;10(2): Page 120


http://doi.org/10.56867/34

Kidney disease progression | Nephrology

///},\\f}\\
ol 2 . .
L, J REV DOI original article: http://doi.org/10.56867/34

anemia, it affects cognitive functions and especially the cardio-
vascular system, significantly contributing to the development of
left ventricular hypertrophy. In this study, 25% of the patients
had anemia at the beginning, with a similar proportion in both
groups. This differs from what was reported in the NAPRTCS23
study, where the prevalence of anemia in children was 73% in
stage 3, 87% in stage 4, and more than 93% in stage 5. In
REPAIR II [1], 30% of patients had anemia; thus, as the disease
progressed, the percentage of anemics increased, being 14, 33,
58, and 54% in stages 2, 3, 4, and 5, respectively. This is ex-
pected since, as kidney disease progresses, renal mass decreases
and, with it, the production of erythropoietin.

Obesity is related to the early appearance of glomerulomeg-
aly, hemodynamic alterations of the hyperfiltration kidney, and
increased albuminuria, manifestations related to the time of evo-
lution and degree of severity but reversible with weight loss. The
higher rate of children with chronic kidney diseases responds to
a higher rate of childhood obesity, in addition to the association
between obesity and proteinuria, due to focal segmental glomer
ulosclerosis in adolescents, which could lead to critical renal se-
quelae [13]. Cao et al. [14] studied 6852 patients between 20
and 79 years of age to identify whether the coexistence of meta-
bolic syndrome is necessary for developing CKD in overweight
and obese patients. At the 5-year follow-up, 776 patients devel-
oped CKD (GFR less than 60 ml/min/1.73m2). The risk of
CKD, adjusted to multivariate hazard ratios for average weight
in people without metabolic syndrome vs. overweight, was 1.31
(95% CI, 0.89 to 1.92), and for obese individuals, it was 2.39
(95% CI, 1.27-4.52).), being higher in patients with metabolic
syndrome with an average weight of 1.54 (95% CI, 1.18-3.95),
2.06 (95% CI, 1.27 to 3.36) in overweight, and 2.77 (95% CI,
1.42 to 4.31) in obese individuals with metabolic syndrome.
This suggests that being overweight and obese are risk factors
for chronic kidney disease, regardless of the presence or absence
of metabolic syndrome. In this study, 10% of the patients were
obese at the beginning; when comparing the proportions at the
beginning of the study, a higher proportion was identified in the
group that progressed.

Conclusions

During the first year of follow-up, it was observed that approxi-
mately 50% of the patients had kidney disease progression. Stage
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