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Objective: Muscle status assessment is crucial for diagnosis of protein energy wasting PEW/cachexia in chronic kidney disease

(CKD) population. Hand grip strength (HGS) has been used in muscle power assessment in adult CKD. However, no data is available

about its usefulness in children with CKD. Hence, we aimed to study the reliability of HGS in reflecting the muscle power and thus, nutri-

tional status in children with CKD.

Design and methods: In this Observational cross sectional study we enrolled 73 CKD children; 45 had end stage kidney disease

(ESKD) on hemodialysis (HD) and 28 had CKD but not on dialysis yet. Assessment of children’s nutritional status was done through

biochemical variables (serum albumin and serum cholesterol) and anthropometric measures (height and BMI). Body composition

monitor (BCM) device was used for lean tissue mass (LTM) assessment whilst muscle power was tested by HGS tool.

Results: The study showed that 69.8% of CKD patients had HGS values below 10th percentile for age and sex. Moreover, HGS was

observed to be more affected in CRI patients and those with non - glomerular causes. HGS was also found to be positively correlated to

height but not to lean tissue mass or serum albumin.

Conclusion: HGS tool can be used as a reliable bedside tool for nutritional assessment in children with CKD.

� 2018 by the National Kidney Foundation, Inc. All rights reserved.

Introduction

PATIENTS WITH CHRONIC kidney disease (CKD)
are at high risk of malnutrition and protein energy

wasting (PEW)/cachexia syndrome, which represent an
important indicator of morbidity and mortality.1-3

The pathophysiology of PEW/cachexia syndrome in
CKD patients is multifactorial. Three major features
are anorexia, muscle wasting, and increased energy
expenditure.
A major cause of malnutrition in children with CKD is

anorexia that worsens as the GFR declines and is often
associated with lower BMI, height, and weight Z scores.
A possible explanation is CKD leads to accumulation of
anorexigenic hormones as des-acyl ghrelin, obestatin,
and leptin with no compensatory increase in orexigenic
hormones such as acyl ghrelin.4 Besides anorexia,

increased energy expenditure despite the low caloric
intake adds to the poor nutritional status in those kids.5

In addition, muscle wasting is an important feature of
malnutrition problem in CKD. There is evidence that
inflammation is an important cause of muscle wasting in
CKD. Inflammation may suppress insulin signaling and in-
crease the production of glucocorticoids. Myostatin and
insulin-like growth factor 1 (IGF-1) represent yin and
yang signaling pathways in the pathogenesis of muscle
wasting in CKD.6

Defining malnutrition in children with CKD is a com-
plex process. Although severe malnutrition is easily recog-
nized, distinction between well nourished versus a child
with mild or moderate malnutrition is very difficult. Fluid
overload in ESKD patients or even in chronic nephrotic
syndrome patients represents major confounding factor
for nutritional status assessment in those kids because it
leads to misinterpretation of nutritional measures as weight,
lean body mass, and other anthropometric measures. In
addition, regional distribution abnormalities of lean and
fat tissue influence the interpretation of arm indexes and
skin-fold thickness. Biochemical derangements of potas-
sium and urea may lead to misinterpretation of results ob-
tained by some techniques.7

One of the 4 diagnostic criteria of cachexia/wasting is
impaired muscle status; function and mass. Many tools
had been tried for assessment of muscle status in CKD pop-
ulation ranging from simple anthropometry to more
complicated tools as magnetic resonance imaging�.
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However, functional tests are consideredmore sensitive and
relevant.8 Measurement of hand grip strength (HGS) is a
rapid, inexpensive, objective, and noninvasive tool used
in muscle function assessment.9

Many studies assessed HGS in the hemodialysis popula-
tion.10-13 However, all those studies were designed for adult
CKD rather than children. Moreover, the main obstacle of
using HGS as a tool for nutritional evaluation lies in the fact
that there are still few studies providing reference values
based on representative samples of the population and
because the cutoff point to classify muscle wasting has not
yet been defined.14

This study was designed to assess muscle function in chil-
dren with CKD by measuring HGS.

Subjects
This observational cross-sectional study was performed

on 73 CKD children in the period between August, 2014
and December, 2015. Patients were divided into 2
groups.15 Group 1 included 45 patients with ESKD defined
on the basis of the need for chronic dialysis with GFR
,15 mL/minute/1.73 m2. Patients in this group were re-
cruited consequently from dialysis unit, Mansoura Univer-
sity Children’s Hospital, Mansoura, Egypt. They were
scheduled to have regular hemodialysis (HD) sessions 3
times weekly with average 3 hours in each session. Group
2 included 28 patients with CKD, defined on the basis of
a GFR, 90 mL/min per 1.73 m2 and not needing dialysis
yet. Patients in group 2 were selected by systematic sam-
pling where every 5th patient in the weekly CKD clinic
was chosen as long as he/she met the inclusion criteria.
HGS of the studied cases were compared with 695 healthy
children of matched age and sex who were recruited from
the same locality. The following patients were excluded
from the study: patients aged less than 6 years; patients
with inflammatory diseases; patients with cachexia due to
any underlying otherwise chronic disease for example,
chronic liver disease, malignancy, and so forth; patients
with any upper limb malformation; and patients with
known neuromuscular disorders.

Methods
Anthropometric Measures

Measurements included height and dry weight. Then,
BMI was calculated as body weight divided by stature
squared (kg/m2). Anthropometric measurements were ob-
tained immediately after the HD session for group 1.

Measurement of Handgrip Strength
HGS was measured on the dominant hand of group 2

and control group and on the nonfistula side of group 1
patients (before a hemodialysis session) using Jamar
mechanical dynamometers (Sammons Preston, Masan,
Korea) with a precision of 0.5 kg. In HD patients, subjects

were instructed to self-adjust the dynamometer so that
it fits comfortably to their hand size to obtain the best
performance. Subjects were instructed to grip the dyna-
mometer with maximum strength in response to a voice
command. The position of the examined subject was as
described by Tander et al.,15 where the child remained
seated with the shoulder adducted, elbow flexed at 90�,
and forearm in a neutral position. Three trials were per-
formedwith a rest period of at least 1minute between trials,
and the highest HGS value was used in the analysis. HGS
normal centile curves were designed from HGS values of
695 healthy children. The values were stratified by gender
and by age to 3 age groups (above 6 years, above 10 years
and 13-15 years).
Z score values of HGS were calculated according to the

formula: Z score (or SD score)5 (observed value2 mean
value of the reference population)/standard deviation value
of reference population.16

Biochemical Variables
Blood sampleswere obtained from patients after 12 hours

overnight fasting. Serum albumin and cholesterol were
measured using standard laboratory methods. GFR was
calculated using the Schwartz equation:

eGFR (mL/minute/1.73 m2) 5 KL/Pcr

where eGFR, estimated glomerular filtration rate; K,
proportionality constant; L, height (cm); and Pcr, plasma
creatinine (mg/dL).

Lean Tissue Mass
Lean tissue mass (LTM) was measured using body

composition monitor (BCM) device for group 1 (before
HD session) and group 2. BCM device employs the latest
bioimpedance spectroscopy techniques. It measures at 50
frequencies over a range from 5 to 1000 kHz to determine
the electrical resistances of the total body water and the
extracellular water (ECW). Although high-frequency cur-
rent passes through the total body water, low-frequency
current cannot penetrate cell membranes and thus, it flows
exclusively. BCM has an advantage in hemodialysis patients
being able to interpret the body composition into LTM, ad-
ipose tissue mass, and overhydration giving the opportunity
to overcome the common obstacle of overhydration in he-
modialysis patients.
Patients’ files were revised for the duration of dialysis,

KT/V values, and the etiologies of CKD.
The Research Ethical Committee of Mansoura Faculty

of Medicine approved the study, and informed consent
was obtained from each child’s parents before enrollment
of their children in the study.

Statistical Analysis
Data were analyzed using SPSS, Version 20. Continuous

variables were described as mean, standard deviation for
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