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Abstract
Background Obesity in the pediatric population is a severe public health problem and is associated with various comorbidities.
Renal length is an important clinical parameter for the diagnosis and follow-up of renal diseases. The aim of this study was to
determine the relationship between renal length (measured ultrasonographically) and body mass index (BMI) in obese children,
and to develop nomograms for renal length according to BMI.
Methods Renal ultrasound was performed in 368 children without renal disease. Each child’s age, gender, weight, height, and
BMI (kg/m2) were recorded. The children were divided into three groups according to BMI percentiles: obese group: BMI ≥ 95th
percentile; overweight group: BMI 85th–94th percentile; normal weight group: BMI 5th–84th percentile.
Results Weight, height, BMI, and right and left renal length differed significantly between the three groups (p = 0.001). There
were significant correlations between renal length with age, weight, height, and BMI. Measurement of renal length was inde-
pendently associated with BMI, age, and height. BMI was used to create renal length nomograms for obese children, based on
multiple regression analysis (R2 = 0.32 and p = 0.0001). Mean renal length was highest in the obese group (96.9 ± 13.4 mm) and
lowest in the normal weight group (88.3 ± 12.9 mm).
Conclusions Ultrasonographic measurement of the renal length according to BMI in children can be a useful method in evalu-
ating these children. Smaller-than-normal kidneys can easily remain undiagnosed in obese and overweight children and this
nomogram offers an additional method to evaluate the renal size in obese children.
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Introduction

Obesity is increasing dramatically worldwide, and is consid-
ered to be among the most serious public health issues both in
the pediatric and adult populations. It was reported in the
Turkish Nutrition and Health Research Report 2010 that obe-
sity prevalence in 6–18-year-old children was 8.2% overall
[1]. Alper et al. reported that the prevalence of childhood
obesity in Turkey increased 11.6-fold between 1990 and

2015 [2]. Early childhood obesity has led to the emergence
of such multiple serious obesity-related comorbidities as dia-
betes mellitus, hypertension, and obesity-related glomerulop-
athy. Each of these comorbidities can negatively affect renal
function, with the most serious outcome being end-stage kid-
ney disease (ESKD).

Renal length in children is an important clinical marker of
renal development and abnormalities (such as atrophy, hypo-
plasia, and hypertrophy). Ultrasonography is commonly used
to measure renal length because the technique is non-invasive,
does not use radiation, is inexpensive, and is easy to perform
[3]. Nomograms of normal renal length in healthy children
were first published in 1977 by Tay et al. [4]. In most in-
stances, age-specific nomograms are used to evaluate renal
length in children [5]. In addition to age, renal length in chil-
dren is affected by several other factors, including gender,
height, weight, and ethnicity [6]. Recent studies on the devel-
opment of nomograms for assessing renal length in children
have highlighted the effects of age and height [7–9]. As such,
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the present study aimed to determine the relationship between
renal length and BMI in obese children based on ultrasonog-
raphy, and to subsequently develop nomograms for renal
length according to BMI.

Methods

The study included children aged 5–18 years who presented to
Başkent University, Dr. Turgut Noyan Training and Research
Center, Pediatrics, Pediatric Endocrinology, and Pediatric
Nephrology Departments, Adana, Turkey, for ultrasonogra-
p hy be twe en J a nu a r y 2014 and Ma r ch 2018 .
Ultrasonographic measurements of renal length were evaluat-
ed retrospectively. Each participant’s age, gender, weight, and
height were obtained from their hospital files, and BMI (kg/
m2) calculated. The children were divided into 3 groups ac-
cording to the BMI percentiles listed in the Centers for
Disease Control and Prevention (CDC) 2000 growth charts,
as follows: obesity group: BMI ≥ 95th percentile; overweight
group: BMI 85th–94th percentile; normal weight group: BMI
5th–84th percentile [10].

Children, whose renal ultrasonographic findings showed
pathological disorders (cortical scarring, increased
echogenicity, agenesis, dysplasia, cysts, pelvic dilation, ure-
teral duplication, or stones), vesicoureteral reflux, or neuro-
genic bladder, and/or those with a history of urological sur-
gery, endocrine disorder, steroid use, and malignancy or other
systemic illness, were excluded from the study. Measurement
of renal length was performed with children in the lateral
decubitus position; the renal length was considered the max-
imum longitudinal length of the kidney. Measurements were
performed using an Antares 5 (Siemens Medical Solutions,
Issaquah, WA) ultrasound device, and a 4–1 MHz convex or
9–4 MHz linear probe, according to each participant’s renal
length. To standardize the sensitivity of the measurements and

eliminate radiologist-related differences, all renal measure-
ments were performed by the same radiologist who had
10 years of pediatric radiology experience. The study protocol
was approved by the Başkent University Institutional Review
Board and Ethics Committee.

Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows
v.23.0 (IBM Corp., Armonk, NY). Categorical data are
expressed as number and percentage, whereas continuous data
are expressed as mean ± SD, median, and range. Categorical
variables were compared using the chi-square test or Fisher’s
exact test. To compare continuous variables between groups,
their distribution was analyzed; one-way analysis of variance
(ANOVA) was used to examine variables that were paramet-
rically distributed and the Kruskal-Wallis test was used for
variables that were not parametrically distributed. For
pairwise comparisons between groups, normally distributed
parameters were analyzed via post hoc analysis, whereas the
Mann-Whitney U test was used for parameters that were not
normally distributed. Multiple linear regression analysis was
employed to identify factors affecting renal length. The level
of statistical significance was set at p = 0.05.

Results

The mean age of the 222 female and 146 male children was
10.04 ± 3.30 years (range 5–18 years). Distribution of the 368
children was as follows: obese group n = 130; overweight
group n = 98; normal weight group n = 140. Weight, height,
BMI, right renal length, and left renal length differed signifi-
cantly between all three groups (p = 0.001), whereas age (p =
0.089) and gender (p = 0.729) did not (Table 1). Renal length

Table 1 Anthropometric measurements and renal length, according to groups

Obese group (n = 130) Overweight group (n = 98) Normal weight group (n = 140) p

Gender

Female 77 57 88 0.729
Male 53 41 52

Age (years) 10.37 ± 3.47 10.29 ± 3.52 9.46 ± 2.92 0.089

Weight (kg) 59.77 ± 23.86 44.85 ± 18.30 31.59 ± 12.47 0.0001

Height (cm) 145.19 ± 19.39 140.84 ± 18.95 134.30 ± 17.01 0.0001

BMI (kg/m2) 27.13 ± 4.80 21.44 ± 3.06 16.81 ± 2.37 0.0001

Renal Length (mm) 96.9 ± 13.4 91.7 ± 13.4 88.3 ± 12.9 0.0001

Right 95.58 ± 13.75 90.51 ± 13.30 87.31 ± 13.02 0.0001

Left 98.30 ± 12.9 92.83 ± 13.38 89.26 ± 12.76 0.0001
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was highest in the obese group (96.9 ± 13.4mm) and lowest in
the normal group (88.3 ± 12.9 mm). There was not a signifi-
cant difference in left or right renal length between all groups
(p = 0.073); however, according to pairwise comparison of the
groups, renal length differed significantly between the groups
(obese-overweight: p = 0.005; obese-normal: p = 0.0001;
overweight-normal: p < 0.05).

Correlations between renal length and anthropometric
characteristics are shown in Table 2. There was a positive
correlation between renal length, and weight and height.

Multiple linear regression analysis showed that renal length
was independently associated with age (β = 0.22, p < 0.001),
height (β = 0.47, p < 0.001), and BMI (β = 0.16, p < 0.001) in
all participants (Table 3, Fig. 1). The results of the regression
model showed that renal length could be estimated using the
formula, renal length (mm) = 62.79 + (1.36 × BMI) (R2 =
0.32; p = 0.0001). Since there was no statistical difference
between right and left renal length, it was formulated as a
single renal length.

Discussion

The present study aimed to determine the effect of obesity on
renal length (measured ultrasonographically) in healthy chil-
dren and to subsequently create an ideal renal nomogram.
Renal length is of particular importance for the diagnosis,
treatment, and follow-up of kidney disease. In patients with
smaller-than-normal kidneys based on ultrasonography, renal
scintigraphy, voiding cystography, or other more advanced
and invasive imaging techniques are employed to determine
its etiology. Small kidneys are known to be related to atrophy
secondary to congenital hypoplastic and dysplastic kidneys, or
vesicoureteral reflux. One of the most common causes of
chronic kidney disease and ESKD in children is renal
hypodysplasia [11]. Renal hypodysplasia can be associated
with such long-term consequences as an increased risk of
hypertension or the development of chronic kidney disease
following a second renal insult in childhood or as an adult.

Organ development proportional to a child’s overall growth
is directly related to the functioning of organs. Height and
weight are significant factors used to assess the growth and
development of children. It is well known that renal size is

positively associated with age, height, and weight. Many stud-
ies have shown that height correlates best with renal length in
children [12–14]. Renal length in our study increased along
with age, height, weight, and BMI, and the strongest correla-
tion was observed between renal length and height. Also, our
results show that renal length was independently associated
with age, height, and BMI.

Obesity affects renal morphology and function.
Zuzuarregui et al. [13] studied 204 children and reported that
renal size was greater in obese children than in those with
normal weight. They also observed that obesity, height, and
age were independent predictors of renal length, and as height
was most strongly correlated with renal length, they created a
nomogram for renal length based on height. Similarly,
Soheilipour et al. [14], using linear regression analysis, ob-
served that height and age were independent predictors of
renal length in children. In this study, children were divided
into 3 groups according to age (1–72 months, 6–12 years, and
12–19 years) and it was determined that renal length in obese
children was greater than in children of the same age and
height. Zuzuarregui et al. and Soheilipour et al. both used
linear regression analysis to produce a nomogram for renal
length based only on height [13, 14]. In our study, we found
that age and height as well as BMI have a positive effect on
renal length in accordance with the literature, and rather than
basing our nomograms on height, we created renal length
nomograms based on BMI.

Today, renal nomograms created without taking into ac-
count the steady increase in the prevalence of obesity continue
to be used and there is a lack of nomograms specific to obese
children. As such, there is a great need for obese children-
specific renal length nomograms based on BMI. The present
study used polynomial regression analysis to explore the cor-
relation between BMI and renal length by calculating estimat-
ed renal length. The analysis results led us to a formula for
estimating renal length according to BMI: renal length (mm) =
62.79 + (1.36 × BMI). In addition to the adverse effects of
obesity on the kidneys, the creation of such nomograms will
facilitate easier detection of renal abnormalities (hypoplasia,
atrophy, and dysplasia) that are not associated with an increase
in BMI and thus supposed to be normal. To the best of our

Table 2 Correlation coefficients of renal length with anthropometric
parameters in all participants (n = 368)

Age
(years)

BMI (kg/
m2)

Weight
(kg)

Height
(cm)

Renal length
(mm)

0.74* 0.59* 0.76* 0.79*

*p< 0.05)

Table 3 Independent predictors of renal length in all participants (n =
368)

Variables Standardized ß
regression coefficients

p value 95% confidence
interval lower-upper

Age (years) 0.22 < 0.001 0.4–1.3

Body mass
index
(kg/m2)

0.16 < 0.001 0.2–0.5

Height (cm) 0.47 < 0.001 0.2–0.4
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knowledge, the present study is the first to produce an obese
children-specific renal length nomogram based on BMI.

There are several limitations of this study that should
be mentioned. In this study, we evaluated the size of
kidney with ultrasonographic length measurement. We
think that if we evaluated the size of kidney with renal
volume instead of renal length, we may have found a
stronger relationship between BMI and renal volume. A

new prospective study to investigate the relationship be-
tween renal volume and anthropometric values could be
planned in obese children. In addition, this study was not
prospective and therefore does not provide evidence that
using the obese or non-obese child’s BMI or height as a
means to assess the status of renal size is superior since
a “gold standard” for true distribution of normal dimen-
sions in these populations is lacking.

In conclusion, ultrasonographic measurement of the
renal length according to BMI in children can be a useful
method in evaluating these children. Smaller-than-normal
kidneys can easily remain undiagnosed in obese and
overweight children and this nomogram offers an
additional method to evaluate the renal size in obese
children. Whereas earlier studies have observed
nephromegaly in obese children, clinicians must be
aware that hypoplastic and dysplastic kidneys are not
always detected [13, 14]. Children with these renal con-
ditions must be monitored closely, as they are at risk of
chronic kidney disease. Advanced imaging technologies
must be used in all children with smaller-than-normal
kidneys.
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