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KEYWORDS Abstract

CKD screening; Background: Having a first- or second-degree relative with chronic kidney disease (CKD) has
Risk factor; been reported as a risk factor for CKD development. The aim of the study was to determine the
Children; prevalence of CKD in children with a first- or second-degree relative undergoing renal replace-
Hematuria ment therapy (hemodialysis or renal transplant).

Methods: A screening study was performed in asymptomatic children with a family history of
CKD in a first- or second-degree relative undergoing renal replacement therapy. Informed con-
sent was obtained in all cases. A clinical examination was performed. Blood and urine samples
were obtained for serum creatinine, serum electrolytes, urinalysis, and microalbumin/creatinine
ratio.

Results: There were 45 subjects included with a median age of 9.6 years; 24 (53%) were male.
Urinary abnormality/CKD was observed in 11 subjects (24.4%). The most common urinary abnor-
malities were hematuria (6/11) and microalbuminuria (4/11). Stage 2 CKD was found in seven
subjects and four subjects with stage 1 CKD.
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Conclusions: The study of families of patients undergoing renal replacement therapy is useful to
identify children in early stages of kidney disease.

© 2015 Hospital Infantil de México Federico Gomez. Published by Masson Doyma México S.A.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).

Prevalencia de enfermedad renal en nifios aparentemente sanos con antecedente familiar
de terapia de reemplazo renal

Resumen

Introduccién: Se ha mencionado que tener un familiar directo con enfermedad renal es un factor
de riesgo para el padecimiento. El objetivo del estudio fue conocer la prevalencia de enferme-
dad renal temprana en ninos familiares de pacientes con enfermedad renal crénica terminal
(ERCT).

Métodos: Se realiz6 un estudio de tamiz en nifos aparentemente sanos, familiares en primer o
segundo grado de pacientes con ERCT en programa reemplazo renal (hemodialisis o trasplante
renal). Previa firma de consentimiento informado se realizd el examen fisico completo. Se tomo
una muestra de sangre para la determinacion de creatinina y electrolitos séricos, asi como exa-
men general de orina.

Resultados: Se incluyeron 45 sujetos, mediana de edad 9.6 anos, 24 (53%) fueron varones. Se
encontraron alteraciones urinarias/enfermedad renal en 11 nifios (24.4%). La alteracion urinaria
mas frecuente fue hematuria, encontrada en seis sujetos, seguida de microalbuminuria, encon-
trada en cuatro. Siete estaban en estadio 2 de enfermedad renal y cuatro en estadio 1.
Conclusiones: El estudio de los familiares de pacientes en terapia sustitutiva renal permite
identificar individuos con etapas tempranas de enfermedad renal.

© 2015 Hospital Infantil de México Federico Gomez. Publicado por Masson Doyma México S.A.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Irreversible damage that could lead to end-stage kidney dis-
ease (ESKD) is considered to be chronic kidney disease (CKD)'.
It is defined as kidney damage if it is 23 months duration,
with the presence of structural and functional abnormalities
of the kidney, with or without decrease in the glomerular
filtration rate (GFR) and with one or more of the following
characteristics: changes in the composition of the urine or
blood, changes in imaging tests, changes in renal biopsy or
patients with GFR <60 ml/min/1.73 m? for 3 months or more
with or without other symptoms previously described?.

There is little information about the prevalence of the
first stages of CKD during childhood because patients tend
to be asymptomatic. The majority of the epidemiological
information about CKD comes from data available of pa-
tients with ESKD when renal replacement therapy (dialysis
or transplant) is necessary for maintaining life. It is believed
that the numbers of patients in early stages of the disease
are 50 times higher than those with ESKD3.

In 2008 a global incidence of the disease of patients 0-19
years of age under treatment with renal replacement was esti-
mated at 9/1,000,000 (age range 4-18 years)'. The etiology of
CKD is different in children and adolescents than in adults. In
the former, structural disorders of the urinary tract and glo-
merulonephritis are more common, whereas in adults the prin-
cipal causes are diabetes mellitus and arterial hypertension“.

It has been mentioned that having a direct family mem-
ber with kidney disease is a risk factor for the disease’. For
these reasons, the objective of the study was to learn the
prevalence of early renal disease in children with family
members with CKD.

2. Methods

A screening study approved by the Research and Ethics Com-
mission of the Hospital Infantil de Mexico Federico Gomez
(HIMFG) was carried out. Children and adolescents <18 years
of age who were apparently healthy with first- or second-
degree relatives with CKD in hemodialysis programs or with
renal transplant and seen in the HIMFG were invited to par-
ticipate. Informed consent was obtained from the parents or
guardian and consent from the minor in subjects >6 years of
age was requested.

2.1. Study Procedures

Participants were scheduled for outpatient consultation in
the Nephrology Department. A clinical history along with
physical examination with anthropometry (weight, height,
BMI) was done and blood pressure was taken. A blood sam-
ple was obtained for determination of creatinine and serum
electrolytes. Urinalysis was also done.
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2.2. Definition of Values

Microalbuminuria: 30-300 mg/g.

Albuminuria: >300 mg/g.

Hematuria: >1+.

Glycosuria: traces or more.

Nitrites: >1+.

Leucocyturia in males: >1+; in females: >2+ or >1+ in those
with other urinary disorders (nitrites, microalbuminuria, gly-
cosuria or hematuria).

Pre-hypertension: systolic blood pressure (SBP) or dias-
tolic blood pressure (DBP) >90t percentile and <95 percen-
tile for height and gender®.

Hypertension: SBP or DBP >95" percentile for height and
genders®.

The stages of CKD are classified according to the KDOQI?
guidelines based on the GFR as follows:

Stage 1: GFR >90 ml/min/1.73 m?

Stage 2: GFR 89-60 ml/min/1.73 m?

Stage 3: GFR 59-30 ml/min/1.73 m?

Stage 4: GFR 29-15 ml/min/1.73 m?

Stage 5: GFR <15 ml/min/1.73 m2.

Glomerular Filtration Rate (GFR): The formula by
Schwartz’ was used with creatinine measured by the Jaffe
method.

2.3. Statistical Analysis

Measures of central tendency and dispersion for continuous
variables and frequencies and percentages for categorical
variables were calculated. We calculated differences of
means and ratios between groups (with urinary disorders/
CKD or normal). GraphPad Prism v. 5.0 for Mac OS X was
used.

3. Results

Forty five subjects were included, 24 males (53%) with an
average age of 9.6 years. Demographic and anthropomorphic
characteristics are described in Table 1.

Urinary disorders/renal disease were found in 11 children
(24.4%). Most subjects presented for having a first-degree
family member with CKD (father/mother, brother/sister),
and only one by having a second-degree family member
(cousin). In 62% of the participants the cause of the primary
kidney disease in the relative was unknown, but this preva-
lence was 91% for those in whom urinary disorders/renal dis-
ease were documented, and from 53% for those with normal
renal values (p = 0.032).

In relation to the anthropometry, no differences were
found in Z-value for weight of the children with or without
urinary disorders/kidney disease. However, affected chil-
dren had a Z-value for height significantly less (median -1.35
vs. -0.64, p = 0.05).

Biochemical findings, GFR and prevalence of arterial hy-
pertension in the participants are shown in Table 2. GFR was
82.6 + 10 ml/min/1.73 m? in children with urinary disorders/
renal disease in contrast with 93.5 + 17 ml/min/1.73 m? in
those with normal evaluation (p = 0.057). There were no
statistically significant differences found in serum electro-
lytes and serum creatinine. There was a higher prevalence
of arterial hypertension in those patients with urinary disor-
ders/renal disease (18% vs. 5.8%), but without statistical sig-
nificance.

Urinary findings and stratification of renal disease in the
11 affected children is shown in Table 3. The most common
urinary disorder was hematuria (six subjects) followed by
microalbuminuria (four subjects). Seven were in stage 2 re-
nal disease and four in stage 1.

Table 1 Demographic characteristics of apparently healthy children evaluated (n = 45)

Al Urinary alterations/RD Normal renal evaluation p*
(n = 45) (n=11) (n = 34)
Age in years (average + SD) 9.2+5 10.2 + 1.8 8.9+0.8 0.44
Sex (n, %) 0.73
Male 24 (53.3%) 5 (45.5%) 19 (55.9%)
ZamElE 21 (46.7%) 6 (54.5%) 15 (44.1%)
Relative with RD 0.24
Gmake | 44 (97.8%) 10 (91%) 34 (100%)
Grade 2 1 (2.2%) 1 (9.0%) 0 (0 %)
Etiology of familiar CRD ) Y
[ 28 (62.2%) 10 (91%) 18 (53%) 0.032
Nephrotic syndrome 7 (15.6%) 1(9%) 6 (17.6%) 0.66
Structural alterations 6 (13.3%) 0 6 (17'6f’) 0.31
Others 4 (8.9%) 0 4 (11.8%) 0.55
Z value for weight -0.67 (-1.2, 0.3) -0.34 (-1.2, 0.5) -0.68 (-1.3, 0.20) 0.60
Z value for height -0.78 (-1.4, 0.2) -1.35 (-1.8, -0.3) -0.64 (-1.1, 0.30) 0.05
Z value for BMI -0.18 (0.77,0.81) 0.49 (-0.55,0.85) -0.41 (-0.95,0.38) 0.21

*p value obtained comparing groups of urinary alterations/renal disease vs. normal renal evaluation. Student t test was used for
normally distributed variables, Mann-Whitney U test for freely distributed variables and Fisher exact test for categorical variables.

CRD, chronic renal disease; RD, renal disease; BMI, body mass index.
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Table 2 Biochemical findings and prevalence of pre-arterial hypertension in children and adolescents of families with renal

disease
All Urinary alterations/RD Normal renal evaluation p value*
(n = 45) (n=11) (n=34)
Serum creatinine (mg/dl) 0.60 + 0.14 0.65 + 0.15 0.58 +0.14 0.21
GFR according to Schwartz formula  90.7 + 16.4 82.6 + 10 93.5 + 17 0.057
(ml/min/1.73 m?)
Sodium (mEq/l) 139 +2.9 139 +0.27 138 + 2.6 0.50
Potassium (mEq/l) 41+0.3 4.16 + 0.35 4.08 + 0.31 0.47
Chlorine (mEg/l) 102 + 1.6 102 + 1.0 102.3 £ 1.7 0.75
Pre-AHT (n, %) 1 (2.2%) 1 (9.1%) 0 (0%) 0.24
AHT (n, %) 4 (8.9%) 2 (18.2%) 2 (5.8%) 0.24

*p obtained by paired t-test or Fisher exact test, according to type of variable.
GFR, glomerular filtration rate; RD, renal disease; AHT, arterial hypertension.

Table 3 Urinary findings and staging in 11 children with
urinary alterations/renal disease

Findings n (%)
Hematuria 6 (54.5%)
Microalbuminuria 4 (36.4%)
Hematuria + leukocyturia 1 (9.1%)
Stages of renal disease
Stage 1 4 (36.4%)
Stage 2 7 (63.6%)
Stage 3 0

4, Discussion

The present study found that 24% of apparently healthy chil-
dren with family history of CKD have urinary disorders/kidney
disease. In other countries it has been reported that first- or
second-degree relatives of patients with ESKD are two to
three times more likely to suffer from CKD>%°. In adults, it has
been observed that individuals with a family history of CKD
are also more likely to have diabetes and obesity.

In children, the leading causes of kidney disease are
structural alterations of the kidneys and urinary tract; 25%
of direct family members of patients with structural abnor-
malities of the kidney may also be affected and >20 mono-
genic causes of structural disturbances have been
detected" 2. It is interesting to note that in this series the
cause of renal disease in most families of the participants in
the study was unknown, but the proportion was highest
(91%) in subjects with urinary disorders/kidney disease.
They are generally labeled as unknown cause when there is
no history of glomerulopathies (edema, proteinuria), no evi-
dence of structural alterations of the kidney or urinary tract
in imaging studies and the kidneys are too small for a renal
biopsy to be performed.

There are other hereditary nephropathies such as certain
variants of nephrotic syndrome, Alport syndrome or muta-
tion of the APOL gene (which has been described in African-
Americans)'>™. It has recently been described that children
with chronic renal disease, whether or not due to structural
alterations, have a higher prevalence of genetic imbalance,

such as increase in the number of copies or sizes of genes,
duplication of the X chromosome (XXX syndrome) or alterna-
tively deletion of chromosome 17q125. However, there are
no studies in this regard in the Mexican population.

In the study published by Inserra et al. in Argentina, 810
relatives of hemodialysis patients of whom 142 were sub-
jects between 5 and 18 years of age were studied. In that
pediatric population a prevalence of renal disease of 14.1%
was found'. The age of patients undergoing hemodialysis is
not mentioned, but it is assumed that they were older in age
because 96% of the pediatric subjects were children of pa-
tients. The latter differs from results seen in this study as all
patients developed ESKD during the pediatric age and were
treated in the HIMFG.

A normal screening result does not rule out that some
subjects may subsequently develop renal disease. The rec-
ommendation is to continue participating in timely detec-
tion such as with the KEEP program for adults'. Early
diagnosis offers the opportunity for performing a renal bi-
opsy and to determine the cause of familial CKD.

Despite being asymptomatic, growth in children with uri-
nary disorders/renal disease was affected (with a Z-value for
height significantly lower than participants with normal re-
nal assessment) as well as lower GFR. The majority of the
children detected by screening were found to be in stage 2
of renal disease, i.e., with a GFR between 60 and 89 ml/
min/1.73 m2,

The limitations of the study are the sample size, having
only study visit done, not knowing the etiology of uremia in
the majority of patients who developed ESKD during the
pediatric age and lack of family assessment for obesity, hy-
pertension, and risk behaviors.

It is considered that the study of the relatives of patients
on renal replacement therapy allows the identification of
individuals with early stage kidney disease. It is important
to take this risk factor into account in the strategies for ear-
ly detection of CKD in children because timely intervention
can prevent or delay the progression to ESKD.

Ethical disclosure

Protection of human and animal subjects. The authors de-
clare that the procedures followed were in accordance with



Kidney disease in asymptomatic children with family history of renal replacement therapy 261

the regulations of the relevant clinical research ethics com-
mittee and with those of the Code of Ethics of the World
Medical Association (Declaration of Helsinki).

Confidentiality of data. The authors declare that they have
followed the protocols of their work center on the publica-
tion of patient data.

Right to privacy and informed consent. The authors have
obtained the written informed consent of the patients or
subjects mentioned in the article. The corresponding author
is in possession of this document.

Acknowledgments

The authors appreciate the collaboration of German Sosa,
Humberto Gonzalez, Alfredo Mendoza Chavez, Herlinda
Reyes and Lourdes Ortiz in the taking and processing of the
samples.

Funding

The study was financed by Fondos Federales del Hospital
Infantil de México Federico Gomez, protocol HIM/2012/060.

Conflict of interest

The authors declare no conflicts of interest.

References

1. Harambat J, van Stralen KJ, Kim JJ, Tizard EJ. Epidemiology of
chronic kidney disease in children. Pediatr Nephrol. 2012;27:363-73.

2. Hogg RJ, Furth S, Lemley KV, Portman R, Schwartz GJ, Coresh
J, et al. National Kidney Foundation’s Kidney Disease Outcomes
Quality Initiative clinical practice guidelines for chronic kidney
disease in children and adolescents: evaluation, classification,
and stratification. Pediatrics. 2003;111(6 Pt 1):1416-21.

3. Warady BA, Chadha V. Chronic kidney disease in children: the
global perspective. Pediatr Nephrol. 2007;22:1999-2009.

4. Medeiros M, Munoz-Arizpe R. Enfermedad renal en nifos. Un
problema de salud publica. Bol Med Hosp Infant Mex. 2011;68:259-61.

5. Lei HH, Perneger TV, Klag MJ, Whelton PK, Coresh J. Familial
aggregation of renal disease in a population-based case-control
study. J Am Soc Nephrol. 1998;9:1270-6.

6. National High Blood Pressure Education Program Working Group
on High Blood Pressure in Children and Adolescents. The fourth
report on the diagnosis, evaluation, and treatment of high
blood pressure in children and adolescents. Pediatrics.
2004;114(2 suppl): 555-76.

7. Schwartz GJ, Brion LP, Spitzer A. The use of plasma creatinine
concentration for estimating glomerular filtration rate in infants,
children, and adolescents. Pediatr Clin North Am. 1987;34:571-90.

8. McClellan WM, Satko SG, Gladstone E, Krisher JO, Narva AS,
Freedman BI. Individuals with a family history of ESRD are a
high-risk population for CKD: implications for targeted
surveillance and intervention activities. Am J Kidney Dis.
2009;53(3 suppl 3):5100-6.

9. Jurkovitz C, Franch H, Shoham D, Bellenger J, McClellan W.
Family members of patients treated for ESRD have high rates of
undetected kidney disease. Am J Kidney Dis. 2002;40:1173-8.

10. McClellan W, Speckman R, McClure L, Howard V, Campbell RC,
Cushman M, et al. Prevalence and characteristics of a family
history of end-stage renal disease among adults in the United
States population: Reasons for Geographic and Racial
Differences in Stroke (REGARDS) renal cohort study. J Am Soc
Nephrol. 2007;18:1344-52.

11. Fletcher J, McDonald S, Alexander Sl; Australian and New
Zealand Pediatric Nephrology Association (ANZPNA). Prevalence
of genetic renal disease in children. Pediatr Nephrol.
2013;28:251-6.

12. Vivante A, Kohl S, Hwang DY, Dworschak GC, Hildebrandt F. Single-
gene causes of congenital anomalies of the kidney and urinary
tract (CAKUT) in humans. Pediatr Nephrol. 2014;29:695-704.

13. Limou S, Nelson GW, Kopp JB, Winkler CA. APOL1 kidney risk
alleles: population genetics and disease associations. Adv
Chronic Kidney Dis. 2014;21:426-33.

14. Vehaskari VM. Genetics and CKD. Adv Chronic Kidney Dis.
2011;18:317-23.

15. Verbitsky M, Sanna-Cherchi S, Fasel DA, Levy B, Kiryluk K,
Wuttke M, et al. Genomic imbalances in pediatric patients with
chronic kidney disease. J Clin Invest. 2015;125:2171-8. doi:
10.1172/JCI80877.

16. Inserra F, de la Llave G, Alpino M, Castagna R, de la Fuente I,
Dorado E, et al. [Survey of risk factors and renal disease in first-
degree relatives of dialysis patients]. Medicina (B Aires).
2007;67:8-18.

17. Obrador GT, Villa AR, Olvera N, Gutierrez V, Contreras D, Reyes
R. Longitudinal analysis of participants in the KEEP Mexico’s
chronic kidney disease screening program. Arch Med Res.
2013;44:650-4.



