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Abstract

Background: Growth retardation is the common complication in children with chronic kidney disease. As it develop in
early stages of the disease, growth monitoring is essential.

Methods: The observational study was carried out in Institute of Child Health, Chennai. A total of 125 children with stage
2 to stage 4 were included in the study. The growth parameters were measured and plotted in growth charts prescribed by
Indian Academy of Pediatrics.

Results: Among 125 children with chronic kidney disease, 89(71.2%) of them were boys with ratio of 2.4:1. The mean age
at presentation was 9.27 £ 2.57. Congenital structural defects found in 59(47.2%) and 44(35.2%) children with glomerular
disease. Majority, 73(58.4%) were in stage 2, 20(16%) in stage 3 and 32(25.6%) in stage 4. The mean duration of diagnosis
of Chronic Kidney Disease was 2.4 years. The mean height at presentation was 117.6 cm. Severely stunted growth among
59 (43.7%) children with height < 3 percentile. Likewise, 55(44%) were underweight. The mean weight at presentation was
21.43kg. For Body Mass Index, 66(52.8%) children were <25™ percentile (wasted), in which 49 (55.1%) wete males. Height
was associated with age and stage. Weight was associated with primary disease, duration of Chronic Kidney Disease, stage
and birth order. Body Mass Index of these children was strongly associated with primary disease.

Conclusion: Regular monitoring of physical growth in children with chronic kidney disease is essential to identify the pro-
gress of disease and initiate appropriate management in these children.

Introduction Multiple etiology is responsible for growth retardation includes

modifiable factors like anorexia, caloric deficits, hyposthenuria,

Chronic kidney disease (CKD) is a continuum of disease with
mild renal insufficiency which progress to End Stage Renal
Disease [1]. The incidence of pediatric patients at pre dialysis
CKD ranges from 5.7 to 12 cases per million of age related
population [2]. Growth retardation is the most common problem
seen in children with CKD [3]. It develops eatly in the course
of CKD [1] and affects upto 35% of these children, significant
proportion of children present with severe growth retardation by
the time of renal transplantation [4].

Healthy children exhibit a maximal growth velocity in infants,
followed by a period of flattened growth and thereafter a growth
spurt during puberty. In children with CKD, the normal growth
pattern gets altered. The adolescents with CKD showed pubertal
delay with reduction of total pubertal gain [5, 0].
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salt wasting, anemia, metabolic acidosis, mineral depletion and
less modifiable factors such as growth hormone resistance, renal
osteodystrophy, therapies and non-modifiable risk factor as age at
the onset of CKD [7-9]. The technological and pharmacological
advancements in the field of nephrology created positive impact
on prolonging the survival of children with CKD. Despite these
advances, the CKD children continue to grow poorly [10]. Altered
growth hormone and organ resistance to growth hormone ate
the major contributors for the growth retardation in CKD [11].
Moreover, pediatric registry data showed increased mortality rate
in children with poor growth [12, 13].

Data from NAPRTCS 2005 database revealed that 37% of
children with CKD had statutory growth impairment. Even
those with mild reduction of GFR, exhibited short stature [14].
Moreover, the growth velocity can be restored with intensive
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nutritional and medical intervention to achieve normal adult
height [15]. The National Kidney Foundation’s Clinical Practice
guideline recommended regular monitoring of growth in children
with CKD [16]. However, many of the studies reported the
growth pattern of children in dialysis, transplantation and with
growth hormone therapy [17-19].

India has started the CKD registry for the adults and Indian
CKD guidelines are available to treat adult population [20]. The
database for Indian children with CKD is lacking and moreover,
there is lack of published data on the growth of children with
early stages of CKD. Thus, the present study aimed to identify the
growth (height, weight and BMI) of children with early stages of
CKD and to explore the associative factors for impaired growth
in in these children.

Patients and Methods

The study was approved by institutional ethical committee of
Rajiv. Gandhi Government General Hospital, Chennai. The
observational study was carried out in Institute of Child Health,
Egmore, Chennai. Written informed consent from caregivers and
Child’s assent from children >12 years of age was obtained for
them to participate in the study. From November 2013 — February
2014, a total of 125 children were identified with CKD (stage 2
to stage 4) from their anthropometric measurements and GFR
was determined by Schwartz formula [21]. The study included
children between 5-15 years of age, in stage 2 to stage 4 CKD
and seck services from pediatric nephrology OPD with minimal
follow up of 6 months. Children with malignancy, dialysis and
with multiple complications were excluded from the study.

The demography of the child like age, sex, education of the child,
birth order were collected from the parent’s and details of clinical
variables like primary diagnosis, duration of the treatment, duration
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of CKD, hospitalization in past 6 months were obtained from
child’s medical record. The staging of CKD was done according
to CKD classification described by the clinical practice guidelines
of NKF/KDOQI [16]. The growth parameters wetre measured as
per the recommended procedure by KDOQI guidelines. Standing
height was considered as the average of three measurements to
the nearest millimeter using wall mounted stadiometer. Weight
was measured to the nearest 0.1 kg on calibrated digital scale. BMI
was determined by dividing weight in Kilogram by height in meter
square. The observed values of height and weight were plotted
in the age and sex specific growth charts. Where as, the BMI was
plotted in height, age and sex specific BMI charts prescribed by
Indian Academy of Pediatrics 2007 [22] to interpret the observed
measurements in percentiles.

Statistical Analysis

Database in the statistical package SPSS version 17.0 was
developed. The categorical variables were presented in number
and percentage and continuous variable in mean and standard
deviation. The Chi square test was applied to identify the
factors associated with impaired growth. Values of P<0.05 were
considered as statistically significant.

Results

In table 1, among 125 children identified, majority 89 (71.2%) of
them were boys and 36 (28.8%) were gitls. The male and female
ratio is 2.4:1. The mean age of the children at presentation was
9.27 * 2.57, in which maximum of children were in the age group
of 8-13 yrs. Half of these children were in primary schooling
whereas, 22 (17.6%) of them were dropped out from school.
About one third of these children were from poor economic
status with monthly family income <5000 rupees.

Table 1. Demographic characteristics of children with early stages of chronic kidney disease.

. ! No. (%)
Demographic variables n =125
5-7 yrs 34 (27.2)
8-10 yrs 43 (34.4)
Age
11-13 yrs 44 (35.2)
>13 yrs 4 (3.2)
Male 89 (71.2)
Sex
Female 36 (28.8)
Not going 22 (17.6)
. . Primary schooling 68 (54.4)
Education of child — -
Middle schooling 30 (24)
High schooling 5@
First 72 (57.0)
Birth order Second 36 (28.8)
Third and above 17 (13.6)
<5000 rupees 48 (38.4)
) 5001-10000 rupees 39 (31.2)
Income of the family
10001- 15000 rupees | 32 (25.0)
>15000 rupees 6 (4.8)
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In table 2, Congenital structural defect was the main cause for
CKD in 59(47.2%) children and 44(35.2%) of them presented
with glomerular disease. These children were classified for the
CKD stage based on KDOQI criteria. It revealed majority of
them 73 (58.4%) were in stage 2, 20 (16%) with stage 3 and 32
(25.6%) with stage 4 CKD. Since the early stages of the CKD
are asymptomatic, most of the children 87 (69.6%) were not
hospitalized from the time of their primary diagnosis. The mean
duration of diagnosis of CKD is 2.4 years. All the 125 children
received conservative treatment.

Growth Parameters

The age and sex specific height, weight and height - age and sex
specific BMI of 125 children with CKD were identified and listed
in Table 3. The mean height at presentation was 117.6 cm. Neatly,
half of these children 59 (43.7%) showed severely stunted growth
(< 3td percentile). It was commonly noticed (table 4) among
male children 43(48.3%), also in congenital structural defects
29(49.2%), and in glomerular disease 19(43.2%). The stunting was
also observed in children with stage 2 CKD 27(37%) and stage 4
CKD 22 (68.8%). Most of the stunted children with CKD belong
to the age group of 8-13 years.

Though 67(53.6%) were with normal weight, 55(44%) were
underweight with <3rd percentile for age and sex specific weight.
The mean weight at presentation was 21.43 kg, The underweight
was seen in male 41 (46.1%) than female children 14 (38.9%).
In Table 4 among 55 underweight children, half of them 23/44
(52.3%) were in 10-13 years of age. Moreover, under-weight was
remarkably seen in children with stage 2 CKD 25/73(34.5%) and
with stage 4 CKD 20/32 (62.5%). Even children with congenital
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structural defects 33/59 (55.9%) found to have undet-weight.
Among 125 children with CKD, 3(2.4%) of them were obese and

presented with glomerular disease.

The findings of height, age and sex specific Body Mass Index
(BMI) revealed that 66 (52.8%) children with CKD were <25
petcentile (wasted), in which 49/66 (55.1%) were males. Whereas,
overweight was observed among 19 (15.2%) children with male
predominance. In table 4, wasting was noted in children with
stage 2 CKD 34/73 (46.6%) and stage 4 CKD 21/32 (65.6%).
Moreover, CKD children with congenital structural defects
showed wasting 39/59 (66.1%). Only 24(19.2%) of children with
CKD had normal BMI.

Association of Variables

Association of height with demographic variables noticed
statistically significant with age at p<0.05 which infers that earlier
the onset of disease condition resulted in retarded growth. With
the clinical variables, the stage of CKD was strongly associated
with height at p<0.001 which means that later the stages more the
height impairment. Weight of children was associated with birth
order at p<0.01, primary disease at p<<0.05, duration of CKD at
p<0.05, stage of CKD at p<0.05, which infers that congenital
structural defects with prolonged duration of CKD and progress
in CKD stage affect the weight of these children. BMI of CKD
children was strongly associated with primary disease at p<<0.001
and with sex at p<0.05.

Discussion

The true prevalence of growth of children with eatly stages of

Table 2. Clinical characteristics of children with early stages of chronic kidney disease.

. . . No.(%
Clinical variables n= (12;
Congenital structural defects | 59 (47.2)
Hereditary disease 10 (8)
Primary disease condition Glomerular disease 44 (35.2)
Tubular disease 5@
Renal calculi 7 (5.6)
<1 year 15 (12)
Duration of treatment for 1-3 years 31 (24.8)
primary disease 4-6 years 40 (32)
>0 years 39 (31.2)
<1 year 40 (32)
Duration of CKD 1-5 years 75 (60)
>5 years 10 (8)
Number of hosoital Not at all hospitalized 87 (69.0)
il IS ECTeTE
Twice 4 3.2
Stage 2 73 (58.4)
Stage of CKD Stage 3 20 (16)
Stage 4 32 (25.6)

CKD- chronic kidney disease
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Table 3. Growth of children with early stages of Chronic Kidney Disease.

Parameters

No(%)
n=125

Mean(SD)

Age-sex specific Height
<3 Percentile
3-97% Percentile

59 (47.2)
66 (52.8)

117.6 (141.28)

Age-sex specific Weight
<3 Percentile
3-97™ Percentile
>97% Percentile

55 (44)
67 (53.6)
3 (2.4)

21.43 (8.51)

<25% Percentile
26-75% Percentile
76-85™ Percentile
>85% Percentile

Height-Age-sex specific BMI

66 52.8)
24 (19.2) -
16 (12.8)
19 (15.2)

Table 4. Growth parameters of children with Chronic Kidney Disease by Sex, Age, Stage and Primary disease.

Sex Age

Stage Primary disease

Parameters

(Total) M F |57 |8-10

89) | (36) | (34) | (43)

113 | >13| 2 | 3 | 4
@4 | 4 (732032 59 |(19) @4 | B) | (D

CSD| H |GN | Tu | Re

<3 Percentile 43 16 10 | 20

27 2 27 | 10 | 22 29 5 1913 | 3

5, 585
< 3 é ju 3-97% Percentile 46 20 24 23 17 2 46 10 10 30 5 25 2 4
o H L = <34 Percentile 41 14 14 16 23 2 25 10 20 33 7 10 1 4
éo g % §O 3-97% Percentile 45 22 20 26 19 2 47 9 11 26 3 31 4 3
@ >97% Percentile 3 0 0 1 2 0 1 1 1 0 0 3 0 0
y E <25™ Percentile 49 17 19 21 23 3 34 11 21 39 8 13 2 4
g § 26-75" Percentile 16 8 4 12 0 15 5 4 12 1 7 1 3
% ‘g 76-85™ Percentile 7 9 3 6 1 13 2 1 4 0 10 2 0
< & >85™ Percentile 17 2 0 11 2 6 4 1 14 0 0

CSD: Congenital Structural Defects; H: Hereditary; GN: Glomerular Disease; Tu: Tubular Disease; Re: Renal Calculi.

CKD (stage 2 - stage 4) in our population remains grey due to
lack of central reporting system [1]. In India, there is no specific
CKD screening programme for children to identify the cases
eatly. Moreover, lack of health care facilities, trained health
care professionals, and knowledge about CKD, socio economic
factors, high illiteracy and long distance to travel for treatment
contribute to the failure of timely diagnosis and referral to the
tertiary hospitals and leads to large number of attrition during
follow up [23]. Thus failed to identify and monitor the growth of
children with CKD regularly. This report from a single tertiary
center provides the best possible available data on growth of
children in eatly stages of chronic kidney disease (stage 2 — stage
4) that was observed in specific time period.

On screening the children in the Pediatric Nephrology OPD,
125 children were presented with CKD under various stages
(stage 2-stage 4). In the present study, children with GFR <90
ml/min/1.73m? were considered to have CKD and classified
based on KDOQI guidelines [16]. Though many studies [24,
25] considered GFR <75 ml/min/1.73m? as cutoff for CKD,
Bhimma and Salevic used the GFR level similar to our study |20,
27.
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This study observed that CKD was predominant among male
children and the mean age at presentation was 9.27 £ 2.57. It was
consistent with findings of Thomas [3]. Also, Pstrusinka in their
study documented 82.23% of children with CKD were males
[28]. Wong identified the mean age of children with CKD as 9.9
+ 5.1 which supported the present findings [12].

Present study noticed that 17.6% of children with CKD were
drop out from school due to their ill health and frequent visit
to hospital. Supportively Shitza and Shkruti demonstrated 13%
of dropout in their study [29]. Despite this, our children were
from poor economic status and a similar finding wasreported by
Marciano [30]. Congenital structural defect was the leading cause of
CKD in the present study. Whereas, recent study31demonstrated
more number of children with glomerulonephritis than structural
defects. A retrospective study findings by Soares [32] documented
decline in median rate of GFR (10ml/min/1.73m* per year)
was more in children with glomerular nephritis in comparison
with congenital nephro-uropathies. The NAPRTCS report [33]
revealed structural defect predominance in younger children
along with increased incidence of Glomerulonephritis in older
children which is in par with present findings.
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In a retrospective study, Bhimma [26]|, demonstrated that out
of 71, 17 were in stage 2, 20 were in stage 3 and 21 were in
stage 4 CKD. Odentunde and Wong identified similar results
and consistent to present study findings |34, 35]. As the early
stages of CKD are asymptomatic many of the cases failed to
get reported and hospitalized. Here also 87 children with CKD
were not hospitalized from the time of diagnosis of primatry
disease. Furth [36] reported higher hospitalization rates among
children with severe and moderate CKD than those with normal
growth. McKenna documented 10% of children with CKD were
hospitalized and the remaining were managed conservatively [37].
Morteover, the mean duration of diagnosis of CKD in the present
study was 2.4 years, where as, it was 6.91 years in Pstrusinka’s
study [28].

Here, the growth parameters of the children with CKD were
interpreted based on Indian growth reference standard percentile
charts. The Age and Sex specific height of children with CKD of
the present study identified 59 stunted children (<3 percentile)
with male predominance and congenital structural defects. Also
observed more number of stunted children in stage 2 CKD.
Zivienjak, in their seven year prospective study among 190 boys
with congenital or hereditary CKD, documented stage 2 CKD
by 10 years of their age [6]. Likewise, Rodig reported severe
short stature in 12% of children with CKD particularly with
non- glomerular CKD [9]. Where as, Wong observed increased
prevalence of growth failure with increasing stage of CKD
(P=0.0001) [12]. However, Salevic reported that the mean Ht
SDS of children with stunting was — 3.00 [27] and supportive to
the present study.

This study children not only presented with height deficit, even
for their age and sex specific weight, 55 of them were under-
weight (<3 percentile). The underweight was markedly noticed
among male children, with congenital structural defects and
with stage 2 CKD and stage 4 CKD. The dip in the weight of
the CKD children was due to muscle wasting, Overweight was
observed in 3 children with glomerular disease which may be
the manifestations of the condition and treatment they receive
for it. Rodig, demonstrated that shorter the duration of CKD
and high prevalence of edema were the factors associated with
increased weight in glomerular diseased CKD children [9]. The
Height-age-sex specific BMI of the CKD children in this study
identified wasting in 66 children with male predominance and also
in children with stage 2 CKD.

It was evident from the present study that the vatiables age and
stage of CKD were associated with height percentile. The primary
diseases, duration of CKD, stage of CKD and birth order were
associated with weight percentile. The Height-age-sex specific
BMI was strongly associated with primary disease. Rodig reported
that 2 10ml/min/1.73 m? decrease in GFR was associated with
an average decrease in height SDS of 0.14 in male children and
0.12 SDS in female children, decrease in weight SDS of 0.09 in
males and 0.15 SDS in females with glomerular CKD as well as
in males 0.13 SDS and females 0.13 SDS with non-glomerular
CKD [9]. Even, Salevic found significant difference in growth
with different CKD stages (P<0.001) and identified primatry
diagnosis, CKD stages and therapy modality are predictors of
CKD |27]. The above findings were more consistent with present
study findings.
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Though it was a single tertiary center study, stage 2 CKD was
predominant with growth deficit which lies as an iceberg yet. As
patental height has its effect on children height, it is not possible
to determine the physical growth deficit with the impact of
disease alone. Thus further research is needed to correlate the
patental height with the children height. However, this finding
gives alarm to have regular screening of children with CKD and
monitoring the growth parameters from the time of identification
and early initiation of treatment to prevent further complications.
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