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Abstract

Background: Malnutrition is a common problem among children with chronic liver diseases (CLD). We aimed to
assess the nutritional status of children with CLD and to correlate the anthropometric indices with the severity of
liver disease, liver function tests, insulin growth factor-1 (IGF-1) and 25-hydroxy vitamin D (25- OH D).

Methods: A total of 69 patients with CLD and 50 healthy controls (6 months − 6 years) were included in the study.
Nutritional status was assessed by anthropometric indices expressed in standard deviation score (Z score),
biochemical, hematological and clinical parameters.

Results: We found 52.2% of CLD patients underweight by weight for age (W/A); 50.2% were stunted by height for
age/ length for age (HAZ or LAZ); and 39% exhibited wasting by weight/height or (length) for age (W/HZ or W/LZ)
z scores analysis. The mean values of z scores for all anthropometric parameters were significantly correlated with
unconjugated and conjugated bilirubin and INR (p < 0.05), except HAZ or LAZ. Also, a significant correlation to
albumin was found, except for W/HZ or (W/LZ) (p = 0.157). The z scores < − 2 SD based on W/ H versus arm
indicators showed significant differences in MUAC, UAA and AMA (p < 0.001). We found no correlation between
anthropometric z-scores and the mean IGF-1 and (25- OH D) values (p > 0.05). Malnutrition was directly correlated
with the severity of hepatic dysfunction, particularly, Child-Pugh C cases. The mean IGF-1 and (25- OH D) values
were significantly correlated with the severity of liver disease (p < 0.001).

Conclusions: Our results identified anthropometric arm indicators and MUAC/A measurements as an effective
applied methods for assessing nutritional status in CLD children. Moreover, Integrating comprehensive clinical
assessment, anthropometric measurements and objective biochemical analyses is essential for evaluation, follow-up
and management of CLD children with variable degree of malnutrition.
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Background
Malnutrition is a quiet problem in children with chronic
liver disease (CLD) that has been implicated in short and
long-term morbidity and mortality in both pre- and post-
transplant periods [1, 2]. The prevalence varied according
to the severity of underlying liver disease and the methods
employed to assess nutritional status [3]. Patients may
present with a wide range of clinical abnormalities includ-
ing protein-energy malnutrition (PEM), linear growth-
retardation, fat soluble vitamin deficiency and hepatic
osteodystrophy [4, 5]. This complex of underlying nutri-
tional derangement usually occurs prior to the clinical
manifestations of hepatic insufficiency [4, 6].
In CLD, severe malnutrition, including skeletal muscle

mass loss (sarcopenia), usually induces adverse outcomes,
such as ascites, hepatic encephalopathy and lower survival
rates among cirrhotic and liver transplant patients [2, 7].
There is no diagnostic “gold standard” for assessment

of nutritional in those patients [5, 8]. In this context, a
comprehensive nutritional analysis effectively engaging
dietary history, subjective global assessment, anthropom-
etry and biochemical parameters should be considered
in all children with CLD [6]. Other tools such as hand
grip strength, whole body dual-energy x-ray absorpti-
ometry (DEXA) and tetrapolar bioelectrical impedance
analysis (BIA) have emerged as newer modalities for nu-
tritional assessment in hepatic patients [5, 9].
The present study aimed to assess the anthropometric

parameters based on direct (conventional) and indirect
arm measurements and correlate anthropometric nutri-
tional status with the severity of liver disease, liver func-
tion tests (LFT), insulin growth factor-1 (IGF-1) and 25-
hydroxy vitamin D (25- OH D) in children with CLD.

Methods
This analytic, cross-sectional study was given to a con-
venience sample of children aged 6 months to 6 years
with a clinical diagnosis of CLD emerging from various
etiologies. Over a four month period between August to
November 2015, we included sixty nine patients regu-
larly attended the Pediatric Hepatology Unit, New chil-
dren Hospital, a tertiary referral center for pediatric liver
disease. Additionally, fifty, apparently healthy children,
matched for age and sex, presented to the general
pediatric outpatient clinic at the same hospital and dur-
ing the same period were randomly selected as a control
group. Patients were excluded if they had associated co-
morbidities e.g. renal and cardiac insufficiency, received
a liver transplant and who were very ill e.g. tense ascites
and massive edema. Children presented with acute liver
cell failure without preexisting liver disease, those who
had any metabolic or endocrinal diseases independently
affecting nutritional status and whose caregivers didn’t
consent to participate were also excluded.

In our study, cirrhosis was diagnosed histologically or
defined by evidence of CLD with the presence of portal
hypertension or complications of hepatic decompensa-
tion based on clinical, biochemical and radiological find-
ings [10]. The severity of liver disease was assessed
according to Child-Pugh score criteria [11]. Based on
this scoring system, patients were classified into mild,
moderate and severe disease. Scores > 15 were consid-
ered the cutoff point for liver disease severity.

Study instruments
Nutritional status was evaluated based on anthropomet-
ric measurements and analytical parameters.

Anthropometric nutritional assessment
Three consecutive anthropometric measurements were
taken by a single trained observer (one of the authors) for
appraisal of nutritional status. To avoid possible errors, the
average value was calculated immediately and used for the
analysis. The basic anthropometric indicators used in the
study were weight -for- age (W/A), height-for-age (H/A),
head circumference-for-age (HC/A), and direct arm indica-
tors including mid-upper arm circumference-for-age
(MUAC/A) and triceps skinfold thickness-for-age (TSF/A)
measured according to World Health Organization (WHO)
reference techniques [12, 13].
Children < 2 years were weighed nude or in a clean,

dry diaper using Seca infant scale. Children ≥2 years old
were weighed privately and individually, barefooted with
lightweight or no outer clothes and standing up in the
center of the electronic scale platform without assist-
ance. All weight measurements were recorded to the
nearest 0.1 kg. Infantometer was used to measure length
in children < 3 years, while standiometer with a movable
block was used to measure height in those > 3 years [14].
A flexible, non-stretchable measuring tape was used

over the most prominent part of the occiput and just
above the supraorbital ridges to measure head circum-
ference for all children ≤2 years old. The tape was also
used to measure mid arm circumference while arm was
held parallel to the body. The measurement was taken
midway between the inferior border of the acromion
process and the tip of the olecranon process. Triceps
skinfold thickness was measured with Holtain skin fold
caliper (Holtain Tanner/Whitehouse Skinfold Caliper,
Holtain Limited, Pembrokeshire, UK) [15] at the previ-
ously marked midpoint used for MUAC. Length/height/
A, HC/A and MUAC/A measurements of study partici-
pants were recorded to the nearest 0.1 cm.
Indirect arm indictors including, total upper arm area

(UAA), arm muscle area (AMA) and arm fat area (AFA)
were calculated with MUAC and total subcutaneous fat
(TSF) measurements according to the formulas de-
scribed by Jeliffe, Gurney and Frishancho [14, 16–18].
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Results were expressed in a square millimeter as follows:
AMA (cm2) =MUAC (cm) – [0.314 x TSF (cm) 2] /4 ×
3.14; AFA (cm2) = UAA (cm2) – AMA (cm2) and UAA
(cm2) =MAC2 /4 × 3.14.
Anthropometrical indicators were expressed in the form

of standard deviation score (Z score), utilizing WHO
Anthro (version 3.1) /2010 and WHO Anthro Plus/2007
software [13]. The cut off points of the − 2 z score were
used to classify the nutritional status of the children into
underweight, stunted and wasted child based on W/A, H/
A and W/H Z scores (WAZ, HAZ and WHZ scores, re-
spectively). Children who had Z score between - 1 and − 2
were considered to be at risk of malnutrition [12, 13].

Biochemical profile analysis
Blood samples collected from all patients were complete
blood count (CBC) and LFT, including aspartate amino-
transferase (AST), alanine aminotransferase (ALT),
gamma glutamyl transferase (GGT), alkaline phosphat-
ase (ALP), serum albumin, serum bilirubin (total and
direct), prothrombin time (PT) and international nor-
malized ratio (INR). All laboratory tests were performed
according to the standard operating procedures in Bio-
chemistry Laboratory of our hospital.
Insulin growth factor-1 was measured by enzyme

linked radioimmunoassay (ELISA) after acid-ethanol ex-
traction using kits from DIA source Immunoassays S. A,
(Belgium) according to the manufacturer’s protocol.
Plasma level of 25- OH D was measured in several
batches using a radioimmunoassay with a method based
on a high performance liquid chromatography (Incstar
Corp, Stillwater, Minnesota, USA) [19].
All clinical and laboratory data were obtained at the

same time of nutritional assessment. Maintenance and
calibration guidelines to ensure the accuracy and reli-
ability of childhood growth measurement and laboratory
equipment were being followed.

Statistical analysis
Data were statistically described in terms of mean ± stand-
ard deviation (± SD) or frequencies (number of cases) and
percentages when appropriate. For categorical variables,
absolute numbers and percentages will be calculated, to-
gether with their 95% confidence intervals. The compari-
son of means will be carried out using Student’s T test,
the Mann–Whitney test, ANOVA test and Kruskall-
Wallis test as appropriate. The association of qualitative
variables will be carried out using Chi-square statistics.
The correlations among quantitative variables were
assessed using Pearson and Spearman’s correlation coeffi-
cient. P value < 0.05 was considered significant. All statis-
tical calculations were done using computer program
SPSS (Statistical Package for the Social Science; SPSS Inc.,
Chicago, IL) release 15 for Microsoft Windows (2006).

Results
A total of 69 patients with CLD (Group I) and 50 healthy
controls (Group II) were recruited during the study
period. Table 1 highlights the basic demographic data and
clinical features of the study participants. The mean age in
CLD patients was 2.1 years (SD = 1.5), with significantly
more boys participating than girls (52.2%, p < 0.01). The
demographic variables, including age and gender were also
comparable in the healthy control group (p > 0.05). Pa-
tients with biliary atresia (n = 39) comprised the largest
group in the study (56.5%) followed by neonatal hepatitis
(14.5%). The majority of patients had advanced liver dis-
ease with 35 cases (50.8%) of Child-Pugh B.
The prevalence of malnutrition among the study cases

is illustrated in Fig. 1. Based on WAZ, 52.2% were
underweight, with the remaining 47.8% were at nutri-
tional risk of being underweight. Approximately, half of
the studied sample in Group I has been identified as be-
ing stunted upon HAZ or LAZ analysis.
There was a statistically significant difference between

the studied groups as regard different measurements of the
anthropometric parameters (p < 0.001) Table 2. Generally,
the mean z-score of all anthropometric parameters is <
zero, a finding denotes that all CLD patients have been nu-
tritionally affected. Thirty-nine percent of the diseased chil-
dren exhibited wasting (W/HZ or W/LZ < − 2SD),
predominantly in the muscle portion with a mean value of
MUACZ and AMAZ were − 3.9 (SD = 2.3) and − 2.9 (SD =
1.5), respectively (Table 2). Compared with other mean
values, UAA has identified 68.1% (n = 47) of cases with z
scores < − 2 SD. Head circumference for age in 52 patients
aged < 2 years had z scores < − 2 SD in 50% of them (n =
26). Statistical comparison of cases with z scores < − 2 SD
based on W/H (L) versus arm indicators showed significant
differences in MUAC, UAA and AMA (p < 0. 001). This
difference had no statistical significance when W/H (L)
compared with TSF, AFA and HC/A (p > 0.05) within the
same group. The majority of subjects in the healthy control
group were well-nourished (92%); the remaining 4% were
found to be at risk of malnutrition Table 2.
Table 3 provides the results of mean values of bio-

chemical and hematological parameters for the overall
individuals studied. There were highly significant differ-
ences between CLD patients and healthy control groups
in terms of LFT, IGF-1 and 25- OH D (p < 0.001). Based
on hematologic analysis, only the mean hemoglobin
values were significantly different between both groups
(p < 0.001). Ninety-three percent of Group I (n = 64) had
abnormal levels of AST, while the GGT levels exceeded
the threshold values in 81% of cases (n = 56). Of 69 pa-
tients, 18 (26%) had PT three seconds more than control
and 27 (39%) had INR > 1. Anemia was confirmed in
59.4% (n = 41) and 8% (n = 4) of Group I and II,
respectively.
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Table 4 shows the correlation of biochemical and
hematological parameters with z scores of anthropometric
indicators in Group I. Overall, HCZ, TSFZ and AFAZ had
no significant correlation with all LFT measured in the
study (p > 0.05). In terms of liver enzymes, all of the derived
arm indicators including UAAZ, AMAZ and AFAZ had no
significant correlation with AST, ALT and ALP (p > 0.05)
except GGT. The mean values of z scores for all anthropo-
metric parameters were significantly correlated with conju-
gated bilirubin and INR except HAZ or LAZ (p = 0.213
and 0.678, respectively). The correlation between albumin

and participants’ anthropometric indicators were positively
significant except for W/HZ or W/LZ (p = 0.157). Likewise,
hemoglobin was significantly correlated with an-
thropometric measurements except for WAZ, HAZ or
LAZ and HCZ.
Though 37.7% (n = 26) and 24.6% (n = 17) of the dis-

eased children had abnormal IGF-1 and 25 - OH D
values, respectively, yet they had no correlation to an-
thropometric z-scores of the CLD patients. Also, there
was no statistically significant difference in the mean
IGF-1 and (25- OH D) values of patients with

Table 1 Demographic and clinical characteristics of the study participants

Variable Group I (Cases) n = 69 (%) Group II (Controls) n = 50 (%) P value

Gender

Males 36 (52.2) 27 (54) 0.855

Females 33 (47.8) 23 (46)

Age (years) [mean ± SD (range) 2.1 ± 1.5 (0.6–5) 2 ± 1.5 (0.5–5.8) 0.720

< 2 yr 0.8 ± 0.3 (0.6–1.9) (n = 48) 0.9 ± 0.4 (0.5–1.5) (n = 28) 0.841

2–6 y 2.5 ± 1.1 (2.1–5)
(n = 21)

3.4 ± 1.2 (2–5.8) (n = 22) 0.584

Etiology of chronic liver disease – –

Biliary atresia 39 (56.5)

Neonatal hepatitis 10 (14.5)

PFIC 7 (10.1)

Glycogen storage disease 5 (7.3)

Allagile syndrome 4 (5.8)

CHF Child-Pugh classification 4 (5.8)

Chlild-Pugh A 17 (24.6) – –

Child-Pugh B 35 (50.8)

Child-Pugh C 17 (24.6)

Data are presented as mean ± standard deviation (SD), number (%) as appropriate. CHF congenital hepatic fibrosis; PFIC progressive familial
intrahepatic cholestasis

Fig. 1 The percent distribution of anthropometric Z score below − 2 standard deviation (SD) in chronic liver disease children
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anthropometric z –scores < − 2 SD compared to those
with a mean > − 2 SD.
Table 5 illustrates the mean nutritional parameters of

the CLD participants, IGF-1 and 25 (OH) D in relation
to Child-Pugh grades. Malnutrition was directly corre-
lated to the severity of hepatic dysfunction with a sub-
stantial number of Child-Pugh C cases being severely
malnourished (Z score < − 2 SD). For example, the mean
values of WAZ, HAZ or LAZ and W/HZ or W/LZ sig-
nificantly demonstrated all aspects of malnutrition in
terms of underweight, stunting and wasting more in

Child-Pugh C children than in A (p < 0.001, 0.05 and
0.05, respectively). Among all the anthropometric indica-
tors, MUACZ was the only parameter that had a mean
value < − 5 SD reported in Child-Pugh C patients. A
strong correlation was verified between IGF-1 as well as
(25- OH D) mean values and Child-Pugh classes (p <
0.004, p < 0.001, respectively) Table 5.

Discussion
Anthropometric measurements are considered the most
practical objective indices utilized for nutritional assessment

Table 2 Mean Z score values for the anthropometric parameters of the studied groups

Anthropometric
indicators*

Group I (Cases) (n = 69) Group II (Controls) (n = 50)

Z score (mean ± standard deviation) Z score (mean ± standard deviation)*

WAZ −2.6 ± 1.5 0.01 ± 1.3**

HAZ or (LAZ) − 2.2 ± 1.6 1.1 ± 1.5**

WT/ HT Z or (WtT/LZ) −1.7 ± 1.5 0.9 ± 1.6**

MUCZ − 3.9 ± 2.3 2.0 ± 1.7**

TSFZ −2.2 ± 1.7 1.3 ± 0.8**

UAAZ −3.6 ± 1.5 1.9 ± 1.3**

AMAZ −2.9 ± 1.5 1.5 ± 1.1**

AFAZ −2.4 ± 1.3 1.7 ± 0.9**

HCZ − 2 ± 1.1 1.4 ± 0.8**

WAZ Weight for age z score, HAZ Height for age z score, W/HZ Weight/Height z score, MUCZ mid-upper arm circumference z score, TSFZ triceps skinfold z score,
UAAZ upper arm area z score, AMAZ arm muscle area z score, AFAZ arm fat area z score, HCZ head circumference z score (only for children < 2 years)
* All anthropometric indicators are calculated for age. **highly significant with p (< 0.001)

Table 3 Distribution of values of the biochemical and hematological parameters in the studied groups

Serum values (normal values) Group I (Cases) (n = 69) Group II (Controls) (n = 50) P value

Conjugated Bilirubin (μmol /L) (< 3.4 μmol/L) [median, IQR] 70.1 (129.9) (1.7–205.2) 1.71 (0.34) (1.7–3.4) < 0.001

Total Bilirubin (μmol /L) (< 21 μmol/L) [median, IQR] 111.5 (181.3) (1.7–388.3) 8.55 (3.42) (5.1–13.7) < 0.001

AST (U/L) (< 1 year (15–60); 1–3 years (20–60); 4–6 years
(15–50) [median, IQR]

117 (130.5) (19–831) 29.5 (16.25) (18–48) < 0.001

ALT (U/L) (13–45) [median, IQR] 72 (96) (14–472) 23 (10) (10–44) < 0.001

GGT (U/L) [< 1 year boy (5–65); < 1 year girl (5–35);
1–5 years (0–23)] [median, IQR]

261 (531.5) (12–2164) 13 (12.25) (5–32) < 0.001

ALP (U/L) [< 2 years (150–40);2–10 years (100–320)]
[median, IQR]

461 (437.5) (79–1925) 194 (77) (147–403) < 0.001

Albumin (μmol/L) [4–6 months (2.8–5); 7–12 months
(3.2–5.7); 13–24 months (1.9–5); 25–36 months (3.3–5.8);
3–5 years (2.9–5.8)] [mean ± SD]

3.4 ± 0.8 (1.6–5) 4.2 ± 0.7 (3–5.5) < 0.001

Prothrombin time (seconds) [< 1 year [13 (10.1–15.9);
1–5 years (11 (10.6–11.4)] [mean ± SD]

15.3 ± 3.5 (13–32) 12.9 ± 0.5 (12–13.9) < 0.001

IGF-1(nmol/L) (2.22–37.13) [median, IQR] 3.14 (1.38) (1.78–5.09) 5.22 (0.99) (4.31–6.93) < 0.001

25 (OH) D (nmol/L) (42.43–134.7) [mean ± SD] 63 ± 13.25 (33.25–98.5) 59.75 ± 9 (64.75–152.5) < 0.001

INR [1 (0.96–1.04)] [mean ± SD] 1.2 ± 0.4 (1–3.2) 1 < 0.001

Hemoglobin (g/dl) [6 months-2 years (12); 2–6 years (12.5)] 10.1 ± 0.15 (6.7–14.1) 11.9 ± 1.4 (9.6–14.5) < 0.001

Total leucocytic count (× 103/μL) [6 months-2 years (8.5
(5–15.5); 2–6 years (8.1 (4.5–13.5)] [mean ± SD]

11.5 ± 4.7 (3.5–25) 10.5 ± 4.1 (4.8–14) 0.229

Platelets (× 103/μL) [mean ± SD] [6 months-6 years (150–350)] 342.3 ± 194.1 (15–964) 279.1 ± 135.5 (190–856) 0.050

ALP Alkaline phosphatase; ALT Alanine aminotransferase; AST Aspartate aminotransferase; GGT Gamma glutamyl transferase, IGF-1 Insulin- like growth factor 1, INR:
International normalized ratio; IQR interquartile range; SD standard deviation; 25 (OH) D: 25- hydroxyvitamin D,
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in CLD [20]. Consistent with other studies [4, 21], more
than half of the diseased children exhibited a range of nutri-
tional abnormalities. Conventional anthropometric mea-
surements such as W/H or W/L revealed wasting in
approximately 40% of studied cases. Inadequate nutrient

intake linked to anorexia, metabolic derangement, recur-
rent cholangitis and prolonged hospitalization are factors
associated with malnutrition in CLD patients [22].
In the current study, direct and indirect arm indicators

in the form of MUAC, UAA and UAMA have significantly

Table 4 Correlation of biochemical and hematological parameters with anthropometric indicators in chronic liver disease patients

Anthropometric Indicatorsǂ

WAZ HAZ/ LAZ WT/Ht (WT/LZ) MUCZ TSFZ UAAZ AMAZ AFAZ

CB −0.459 − 0.152 − 0.367 − 0.537 −0.469 − 0.530 −0.496 − 0.523

< 0.001* 0.213 0.002* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

UCB −0.478 −0.237 − 0.339 − 0.452 −0.421 − 0.423 −0.357 −.449

< 0.001* 0.050* 0.004* < 0.001* < 0.001* < 0.001* 0.003* < 0.001*

Albumin 0.373 0.302 0.172 0.474 0.412 0.472 0.414 .363

0.002* 0.012* 0.157 < 0.001* < 0.001* < 0.001* < 0.001* 0.002*

INR −0.302 −0.051 −0.270 − 0.311 − 0.316 − 0.305 −0.247 −.305

0.012* 0.678 0.025* 0.009* .008* 0.011* 0.023* 0.011*

ALT 0.215 0.267 0.128 0.122 −0.002 0.071 0.080 0.041

0.075 0.026* 0.295 0.316 0.986 0.561 0.512 0.736

GGT 0.131 −0.073 −0.047 0.262 −0.059 −0.259 − 0.318 −0.182

0.284 0.553 0.702 0.030* 0.632 0.031* 0.008* 0.135

Hemoglobin 0.2 0.05 0.29 0.47 0.479 0.436 0.068 0.425

0.07 0.7 0.04* < 0.001* < 0.001* 0.002* 0.006* 0.002*

TLC −0.310 −0.063 −0.397 −0.290 −0.379 − 0.402 −0.087 − 0.1391

0.028* 0.664 0.004* 0.041* 0.007* 0.004* 0.551 0.341

AFAZ arm fat area z score; AMAZ arm muscle area z score; ALP Alkaline phosphatase; ALT Alanine aminotransferase; AST Aspartate aminotransferase; CB conjugated
bilirubin; GGT gamma glutamyl transferase; HAZ Height for age z score; HCZ head circumference z score (only for children < 2 years); IGF-1 Insulin Growth Factor-1;
INR international normalized unit; MUCZ mid-upper arm circumference z score; R Correlation coefficient; TLC Total leucocytic count; TSFZ triceps skinfold z score;
WAZ Weight for age z score; W/HZ Weight/Height z score; UAAZ upper arm area z score; UCB unconjugated bilirubin; 25(OH)D 25-hydroxy vitamin D. P value is
significant < 0.05; highly significant at < 0.001. ǂ All anthropometric indicators are calculated for age

Table 5 Mean anthropometric parameter Z scores, Insulin Growth Factor-1 (IGF-1) and 25-hydroxy vitamin D in relation to Child
Pugh Classes in chronic liver disease patients

Anthropometricǂ

Indicators
Mean ± SD of anthropometric indicators Z scores P value

Child Pugh A (n = 17) Child Pugh B (n = 35) Child Pugh C (n = 17)

WAZ −1.04 ± 0.8 ab −2.5 ± 1.4 b − 3.3 ± 1.4 a < 0.001*

HAZ or (LAZ) − 1.33 ± 1.6 a − 2.3 ± 1.5 b −2.7 ± 1.5 a < 0.05*

W/HZ or (W/LZ) − 0.49 ± 1.4 a −1.5 ± 1.6 b −1.8 ± 1.3 a < 0.05*

MUACZ −1.4 ± 0.96 a −3.5 ± 2.2 a −5.3 ± 1.9 a < 0.00*

TSFZ −0.73 ± 1.1 ab −1.6 ± 1.6 b − 3.6 ± 1.5 a < 0.00*

UAAZ − 1.8 ± 0.9 a −3.1 ± 1.5 a −4.4 ± 1.3 a < 0.001*

AMAZ −1.3 ± 0.6 a − 2.6 ± 1.5 a − 3.6 ± 1.4 a < 0.001*

AFAZ −1.4 ± 0.8 a −1.9 ± 1.3 b −3.3 ± 0.9 ab < 0.001*

HCZ − 1.2 ± 0.9 ab − 2.3 ± 1.2 b − 2.2 ± 1.1 a < 0.05*

IGF-1* (ng/ml) 28.1 ± 6.2 (17–28) 25.2 ± 4.7 (19–38.6) 22.3 ± 3.6 (15–26) < 0.004**

25-hydroxy vitamin D*
(ng/ml)

28.6 ± 5.7
(17.3–37)

23.4 ± 5.8
(13.3–33.5)

19.7 ± 4
(15.2–26.4)

< 0.001**

AFAZ arm fat area z score; AMAZ arm muscle area z score; HAZ Height for age z score; HCZ head circumference z score (only for children < 2 years); MUCZ mid-
upper arm circumference z score; TSFZ triceps skinfold z score; WAZ Weight for age z score; W/HZ Weight/Height z score; UAAZ upper arm area z score.* P value is
significant < 0.05; highly significant at < 0.001. a,b,c Within anthropometric parameter for each group, mean values that share the same superscript letter are
statistically significantly different from each other. ǂ All anthropometric indicators are calculated for age
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increased the detection of malnourished cases by 1.6-, 1.7-
and 1.5-fold, respectively (p < 0.001). These findings are
consistent with other studies from developing countries in
Africa [23] and South America [6, 8, 24]. This might be at-
tributable to the fact that MUAC and UAA incorporate
muscle tissue and fat stores [4, 25] that, respectively,
undergo continuous accelerated loss and depletion in such
patients [1, 26].
A fewer number of malnourished diseased children

(n = 36) were diagnosed when TSF measurement was
employed. Although these results were consistent with
previous reports [4, 8], however, several studies have
shown higher rates of malnutrition based on TSF meas-
urement [26, 27]. This difference may be partially ex-
plained by the different approaches adopted by other
researchers who obtained muscle adipose index (from
arm indicators) to diagnose nutritional inadequacy. This
emphasizes the importance of combining arm muscle in-
dicators and TSF for the assessment of protein portion
and fat content of CLD patients [28].
Alberino et al hypothesized that assessment of nutri-

tional status could enhance the prognostic accuracy of
Child-Pugh classification [29]. Similar to other studies [21,
30], we found that Child-Pugh C patients had a signifi-
cantly lower anthropometric arm measurements com-
pared to Child-Pugh B (p < 0.001), a finding indicates the
ability of anthropometric upper arm indicators to differen-
tiate nutritional status across classes of decompensated
cirrhotic patients. Although AMA detected a greater
frequency of malnutrition (77.1%) relative to AFA (60%)
in Child class B, the situation was reversed for Child class
C children whose AMA and AFA measurements demon-
strated malnutrition in 94.1 and 82.4% of patients, respect-
ively. These findings indirectly reflect sarcopenia that
worsens with progression of the liver disease. This could
be related to metabolic alteration associated with the se-
verity of liver disease with lipids used as a preferential
metabolic substrate for energy production [31].
Several previous studies [4] have found that conjugated

bilirubin is negatively correlated with anthropometric
parameters z-scores, a finding corroborated in our study.
Although, serum albumin has low specificity and sensitivity
as a nutritional index compared to pre-albumin, particu-
larly in patients with CLD [32], yet, we found a significant
positive correlation of albumin with all anthropometric z-
scores, except W/H or W/L and H/C. This was in agree-
ment with a study by Hurtado et al. conducted with LFT as
independent variables and anthropometric indicators as
dependent variables. The study showed that the nutritional
status of children with CLD could be predicted by the bio-
chemical liver indicators, predominantly with conjugated
bilirubin and serum albumin [4]. Two other studies have
identified increased unconjugated bilirubin, decreased
serum albumin along with prolonged INR > 1 as factors

associated with higher rates of intensive care unit admission
and mortality [33, 34]. In the present study, ALP was iden-
tified as the most altered LFT that correlated negatively
with all anthropometric parameters except W/A, although,
this correlation was not statistically significant (P > 0.05).
Furthermore, we found a significant negative correlation
between GGT and arm indicators namely MUAC, UAA
and AMA. Although these results share a number of simi-
larities with Hurtado et al, however, there is concern over
the prognostic value of those enzymes (ALP and GGT)
which are not associated with hepatic synthesis [35].
Anemia of diverse etiology is a common manifestation

associated with CLD [36]. We found a strong positive
correlation between hemoglobin levels and most an-
thropometric parameters. Nevertheless, a stronger cor-
relation is established with disease severity than with a
degree of malnutrition in such patients [36]. We also ob-
served a positive correlation between total leucocytic
count (TLC) and most of anthropometric measurements.
However, some factors such as metabolic stress and im-
munosuppression may affect reliability of TLC as a nu-
tritional indicator in CLD patients [37].
Serum level of IGF-1 has been constantly found to

correlate with anthropometric indices [38, 39]. Overall,
the mean serum IGF-1 value was significantly lower in
cases compared to controls (p < 0.001). We also found a
significant alteration (p < 0.004) of the mean IGF-1 level
with the severity of liver disease, being the lowest in
Child-Pugh C. Colakoglu et al [40] found IGF-1 and
Insulin-like growth factor-binding protein 3 levels were
significantly lower in 42 cirrhotic patients compared to
non-cirrhotic ones. A previous Egyptian study found
children with CLD of various etiologies had a significant
lower mean IGF-1 relative to healthy controls (p < 0.05).
Conversely, they showed that serum IGF-1 mean levels
were directly associated with the grade of liver damage
with the highest value recorded in class C [41]. This dif-
ference might be attributable to sampling bias because a
small proportion of their total sample (n = 50) was classi-
fied as Child-Pugh C (n = 9, 4.8%). Also, they investi-
gated CLD secondary to viral hepatitis (B and C) and
Bilharziasis, causes not involved in our study.
We couldn’t establish a significant relation between

mean IGF-1 level and the anthropometric z-score (p >
0.05). Similarly, previous studies evaluating the relation
between IGF-1 level and nutritional status among critic-
ally ill children have yielded conflicting results [42, 43].
These findings indicate that there is a considerable need
for further research on IGF-1 in relation to different nu-
tritional indices in CLD patients.
Consistent with other studies [44], we found a signifi-

cant difference in mean (25- OH D) levels between cases
and controls (p < 0.001). In this context, malabsorption,
inadequate dietary intake and lack of sun exposure may
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be contributing factors to vitamin D deficiency (defined
as 25- OH D concentration < 20 ng/ml in the pediatric
population) in such patients [8, 45, 46]. A study in Brazil
reported direct correlation between most of anthropo-
metric indices and serum levels of vitamin A and E.
Nonetheless, they couldn’t verify the relation between
those indices and vitamin D, a finding reproduced in our
study.
To the best of our knowledge, no Egyptian studies

comprehensively investigated the nutritional status of
CLD in pediatric age group incorporating clinical, an-
thropometric and biochemical analyses. This study may,
therefore, substantiate the necessity to develop robust
assessment strategies that can either help early screening
of malnutrition or create distinctive tools for prognosis
of morbidity and mortality accompanying malnutrition.
Our data may be useful in selection of recipients for liver
transplantation which could be the most important fac-
tor in determining long-term survival. Also, our findings
suggest that preventive measures of malnutrition in CLD
children should prioritize infant age group. There were
some limitations such as a relatively small sample size
and certain limitation for selection determined by eligi-
bility criteria that allowed patients to be enrolled regard-
less of the stage of their liver disease.

Conclusion
Our results identified anthropometric arm indicators
and MUAC/A measurement as an effective applied
methods for assessing nutritional status in CLD children.
Integrating comprehensive clinical assessment, an-
thropometric measurements and objective biochemical
analyses such as albumin and conjugated bilirubin is es-
sential for evaluation, follow-up and management of
CLD children with variable degree of malnutrition.
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