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Background and Objectives: Malnutrition is a major contributor to morbidity and mortality from pediatric liver 
disease. We investigated the prevalence of both malnutrition and high nutritional risk in hospitalized children 
with liver disease as well as the rate of in-hospital nutritional support. Methods and Study Design: A total of 
2,874 hospitalized children and adolescents with liver disease aged 1 to 17 years (inclusive) were enrolled. Mal-
nutrition was screened by anthropometric measures (height-for-age, weight-for-height, weight-for-age, and BMI-
for-age z-scores). The Screening Tool for Risk on Nutritional Status and Growth (STRONGkids) was used to 
evaluate nutritional risk status. Nutrition markers in blood, rate of nutritional support, length of hospital stay, and 
hospital fees were compared among nutritional risk groups. Results: The overall prevalence of malnutrition was 
38.6%. About 20.0% of children had high nutritional risk, and prevalence of malnutrition was markedly greater in 
the high nutritional risk group compared with the moderate risk group (67.9% vs 31.3%). Serum albumin and 
prealbumin differed significantly between high and moderate risk groups (p<0.001). Only 8.9% of children with 
high nutritional risk and 3.5% with moderate nutritional risk received nutrition support during hospitalization. 
Children with high nutritional risk had longer hospital stays and greater hospital costs (p<0.001). Conclusions: 
The prevalence of malnutrition is high in children with liver disease. High nutritional risk is also prevalent at ad-
mission. Albumin and prealbumin are sensitive markers for distinguishing nutritional risk groups. High nutrition-
al risk prolongs length of stay and increases hospital costs. The nutritional support rate is still low and requires 
standardization. 
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INTRODUCTION 
The liver is an important metabolic organ, so liver diseas-
es disrupt the homeostatic regulation of critical nutrients. 
This may lead to different degrees of malnutrition that 
seriously affect prognosis.1 Indeed, malnutrition can in-
crease the risks of complications from primary disease 
and increase mortality.2 In China, 15% to 25% of children 
with liver injury due to a viral infection in infancy or 
childhood die because of the liver disease or its complica-
tions, and most of these complications are related to mal-
nutrition.3-5 Further, the occurrence and development of 
liver diseases in adulthood are strongly related to nutri-
tion and health status in childhood/adolescence, so the 
management of nutrition is especially vital in youth to 
reduce risk. Nutritional risk screening is the first step in 
nutritional management. This study screened and evaluat-
ed the nutritional status of 2,874 children hospitalized 
with liver disease, and explored both the prevalence of in-
hospital nutritional management and the influence of dis-
ease-associated malnutrition on hospital stay and medical 
costs. 
 
METHODS 
Subjects 
A total of 2,874 children and adolescents age 1 to 17 
years (inclusive) hospitalized in the pediatric liver disease  

 
 
treatment centers of the 302 Military Hospital from June 
1, 2013, to May 31, 2015, were included in this study. To 
be included, children must have been hospitalized for 
more than 24 h. Infants <1 year of age, children with se-
vere edema, and patients who were confined to bed and 
whose weight could not be obtained accurately were ex-
cluded.  

 
Ethics statement 
This study was approved by the Medical Ethics Commit-
tee of The 302 Military Hospital of China (2012143A). 
 
Nutritional Risk Screening Using STRONGkids 
All participants were screened for nutritional risk within 
24 h of admission using the Screening Tool for Risk on 
Nutritional Status and Growth (STRONGkids),6 which is 
graded in four parts: high-risk disease (2 points), subjec-
tive clinical assessment (1 point), nutritional intakes and 
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losses (1 point), and loss of weight (1 point). A total score 
of 4 to 5 points means high nutritional risk, 1 to 3 points 
means moderate nutritional risk, and 0 point means low 
nutritional risk. 

 
Evaluation of malnutrition in children 
Malnutrition in children was assessed using the height 
and weight as anthropometric measurements. We adopted 
the child growth standards published by the World Health 
Organization in 2006 to facilitate international compari-
sons with children under 5 years of age and the standard 
scale of children’s growth and development (2005) used 
by nine Chinese provinces.7 The height-for-age z-score 
(HAZ), weight-for-height z-score (WHZ), weight-for-age 
z-score (WAZ), and BMI-for-age z-score (BAZ) were 
calculated separately. Using z-score criteria, malnutrition 
assessed by HAZ is defined as growth retardation, malnu-
trition assessed by WHZ as emaciation, and malnutrition 
assessed by WAZ as low body weight. Malnutrition is 
divided according to z value ranges into mild (-2 ≤z<-1), 
moderate (-3≤z<-2), and severe (z <-3). WHZ >2 or BAZ 
>1 means overweight or obese.8 
 
Demographic and clinical assessments 
General clinical-demographic data, such as name, sex, 
age, and diagnosis, were recorded upon hospital admis-
sion. For preterm children younger than 24 months, age 
was calculated according to the correct gestational age. 
Children’s height and weight were recorded on the morn-
ing of the day after admittance. Weight was recorded to 
0.1 kg and height to 0.1 cm. Fasting venous blood was 
obtained on the second day of hospitalization. Routine 
biochemical indices were measured and the serum levels 
of albumin, prealbumin, and hemoglobin were recorded. 
The length of stay, cost of hospitalization, and application 
of nutritional support were recorded at discharge. Nutri-
tional support included enteral nutrition and parenteral 
nutrition. Enteral nutrition included tube feeding and oral 
nutritional supplements (ONS). These enteral nutritional 
preparations included medicinal preparations and foods 
for special medical purposes. Parenteral nutrition includ-

ed fat emulsion, glucose, essential and non-essential ami-
no acids, vitamins, electrolytes, and trace elements. 

 
Statistical analysis 
All data were analyzed using SPSS software (SPSS Inc., 
Chicago, IL, USA). Descriptive statistics were used to 
conduct nutritional risk screening and malnutrition evalu-
ation. Count data are expressed by number and percent-
age, and group means were compared by X2 tests. Meas-
urement data are expressed as the mean±SD. If the distri-
bution was normal, means were compared by analysis of 
variance. If not normally distributed, the results were 
compared by rank-sum test.  A p<0.05 was considered 
significant for all statistical analyses. 
 
RESULTS 
Clinical characteristics 
A total of 2,874 children were included in this study 
(1,926 boys [67%] and 948 girls [33%]). The mean (±SD) 
age was 8.43±4.93 years, with 429 under 3 years (14.9%), 
708 aged 3 to 5 years inclusive (24.6%), 939 aged 6 to 11 
years inclusive (32.7%), and 798 aged 12 to 17 years in-
clusive (27.8%). The etiological classifications included 
1,221 cases with chronic viral hepatitis B (42.5%), 579 
cases with chronic viral hepatitis C (20.1%), 309 cases 
with non-hepatotropic viral hepatitis (10.8%), 285 cases 
with hereditary and metabolic liver diseases (Wilson’s 
disease, glycogen storage disease, galactosemia, muscle 
damage, congenital hepatic fibrosis, Crigler-Najjar syn-
drome, and others) (9.9%), 102 cases with drug-induced 
liver injury (3.5%), 87 cases with autoimmune hepatitis 
(3.0%), 63 cases with non-alcoholic steatohepatitis 
(2.2%), and 228 cases of unknown etiology (7.9%). 

 
Assessment of nutritional status   
Basic anthropometric variables are presented by age (one-
year range) and sex in Table 1. The prevalence of malnu-
trition was calculated by the z-score. As shown in Table 2, 
38.6% of all patients (1110 of 2,874) were malnourished, 
and 13.4% (384 of 2,874) were moderately to severely 
malnourished. In contrast, only a small minority were 

 
Table 1. Basic anthropometric measures by age and sex 
 

Age† Height (cm)  Weight (kg)  BMI (kg/m2) 
Boys  Girls Boys  Girls Boys  Girls 

1 81.4±4.8 79.5±6.9  11.4±1.2 10.6±1.8  17.3±2.2 16.6±1.3 
2 92.5±6.0 92.5±6.9  13.9±2.3 13.0±2.1  16.2±1.8 15.2±1.7 
3 100.7±7.1 98.0±6.1  16.3±2.4 15.1±2.2  16.2±3.1 15.7±1.5 
4 107.2±5.8 106.8±7.0  17.7±2.5 17.3±2.4  15.4±1.7 15.2±1.8 
5 114.7±6.2 112.6±7.2  20.2±3.8 18.9±2.8  15.3±2.1 14.9±2.1 
6 119.2±7.1 117.7±4.8  22.5±4.6 20.9±2.3  15.7±2.1 15.1±1.2 
7 125.9±6.0 124.9±7.6  25.3±4.6 23.5±3.9  15.9±2.4 15.0±1.6 
8 132.1±8.2 130.6±8.4  28.2±5.8 26.1±4.3  16.0±2.3 15.3±2.4 
9 135.7±8.7 138.7±7.4  31.5±8.3 30.8±4.9  16.8±2.9 16.0±2.5 
10 141.9±8.4 141.5±8.1  37.5±13.5 31.6±6.1  18.2±4.6 15.7±1.9 
11 151.0±10.9 144.7±8.0  46.1±13.9 33.4±7.7  19.9±4.1 15.8±2.8 
12 157.4±12.5 153.8±9.6  49.6±12.9 42.9±15.3  19.8±3.7 17.8±4.7 
13 162.7±11.3 158.0±5.0  51.8±18.0 43.3±6.7  19.1±4.4 17.3±2.0 
14 167.5±8.3 161.3±6.8  53.4±12.6 48.2±9.2  18.9±3.4 18.5±3.1 
15 170.2±5.9 160.0±3.2  57.5±10.8 47.5±4.3  19.8±3.2 18.6±1.7 
16 173.1±5.6 161.9±3.3  60.8±11.1 52.7±6.7  20.3±3.4 20.1±2.3 
17 174.8±4.8 167.9±7.3  66.6±12.9 53.0±7.2  21.7±3.6 18.8±2.2 
 
†Chronological age in years (e.g., 1 is ≥1 year and < 2 years). 
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overweight or obese.  
 

Liver disease etiology and nutritional status 
The effects of these different liver disease etiologies on 
nutritional status are summarized in Table 3. Substantial 
minorities of patients with chronic viral hepatitis, non-
hepatotropic viral hepatitis, and hereditary and metabolic 
liver diseases were malnourished. In contrast, the majori-
ty of children (90.5%, 57 of 63) with non-alcoholic stea-
tohepatitis were overweight or obese. Patients with drug-
induced liver injury and autoimmune hepatitis exhibited 
both malnutrition and overnutrition, but the proportion 
with malnutrition was higher. Patients with chronic hepa-
titis C had the highest low-weight rate (150 of 579), pa-
tients with hereditary and metabolic liver diseases had the 
highest growth retardation rate (69 of 285), and patients 
with drug-induced liver injury had the highest emaciation 
rate (30 of 102). 

 
Nutrition risk scores and associations with malnutrition 
While most patients were not malnourished as defined, 
almost all were at nutritional risk, with 20% at high nutri-
tional risk (576 of 2,874) (Table 4). The proportion at 
high nutritional risk was largest in the youngest age co-
hort (34.3% of children under 3 years) and remained rela-
tively stable thereafter (19.9% of children age 3 to 5 years 
inclusive, 18.2% of children age 6 to 11 years inclusive, 
and 14.7% of adolescents age 12 to 17 years inclusive). 
Specifically, the prevalence of high nutritional risk was 
greater among those under 3 years than for all other age 
groups: 3-5 years (X2=29.086, p<0.001), 6-11 years 
(X2=42.541, p<0.001), and 12-17 years (X2=63.499, 
p<0.001). The majority of children with high nutritional 
risk were malnourished (67.9%, 391 of 576), while a 
sizeable minority of those at moderate risk were also 

malnourished (31.3%, 719 of 2,298). The difference in 
malnutrition prevalence between moderate and high risk 
groups was statistically significant (X2=260.168, p<0.001). 

 
Nutritional markers in blood distinguishing nutritional 
risk groups 
Significant differences were found in serum albumin and 
prealbumin between the high nutritional risk group and 
the moderate nutritional risk group (p<0.001) (Table 5). 
 
Nutritional support rates 
The nutritional support rates for children with high nutri-
tional risk and moderate nutritional risk were only 8.9% 
(51 of 576) and 3.5% (81 of 2,298), respectively (Table 6). 
The parenteral nutritional support rate was only 1.3% 
overall (36 of 2,874), and all such cases used compound 
amino acid single-dose input. The enteral nutritional sup-
port rate was 3.3% (96 of 2,874), and all were cases 
which administered foods for special medical purposes. 
The mean length of stay and the cost of hospitalization 
were both significantly greater in cases with high nutri-
tional risk compared to those with moderate nutritional 
risk. 

 
DISCUSSION 
Nutritional status of children with liver disease 
In children, proper nutrition demands not only the basic 
elements and energy required to maintain homeostasis, 
but also surplus materials and energy for growth and de-
velopment. The connective tissue of the liver is still un-
derdeveloped in childhood, and liver cells are immature 
and vulnerable to infections, drugs, hypoxia, and other 
insults, which can lead to damage and decreased func-
tion.9 Optimal liver function is critical for the nutritional 
status of children. Indeed, almost all children with hepatic 
lesions have some level of malnutrition.10 In mainland 
China, the estimated malnutrition rate for hospitalized 
children is 24.1%,8 within the range of estimates from 
Europe (15% to 30%).11 Thus, nutritional status is strong-
ly dependent on metabolic disruption due to disease, ra-
ther than lack of food. 

In this study, the prevalence of malnutrition among 
2,874 children with liver disease was 38.6%, with 13.4% 

Table 2. Prevalence of malnutrition 
 
Nutrition status n % 
Mild malnutrition 726 25.3 
Moderate malnutrition 267 9.3 
Severe malnutrition 117 4.1 
Overweight or obese 81 2.8 
 

 
Table 3. Etiologies of live disease and effects on nutrition status 
 

Etiological classification N Growth retardation 
n (%) 

Low body weight 
n (%) 

Emaciation 
n (%) 

Overweight or obese 
n (%) 

Chronic hepatitis B 1221 159 (13.0) 207 (16.9) 276 (22.6) 0 
Chronic hepatitis C 579 123 (21.2) 150 (25.9) 99 (17.1) 0 
Non-hepatotropic viral hepatitis 309 63 (20.4) 60 (19.4) 36 (11.6) 0 
Hereditary and metabolic liver diseases 285 69 (24.2) 54 (18.9) 48 (16.8) 0 
Drug-induced liver injury 102 12 (11.8) 18 (17.6) 30 (29.4) 15 (14.7) 
Autoimmune hepatitis 87 15 (17.2) 6 (6.9) 6 (6.9) 9 (10.3) 
Non-alcoholic steatohepatitis 63 0 0 0 57 (90.5) 
Unknown etiology 228 42 (18.4) 48 (21.0) 51 (22.4) 0 
Total 2874 483 (16.8) 543 (18.9) 546 (19.0) 81 (2.8) 
 
 
Table 4. STRONGkids Nutritional Risk Scores 
 
Score n (%) 1-2 years 3-5 years 6-11 years 12-17 years 
1-3 points 2298 (80.0) 282 (65.7) 567 (80.1) 768 (81.8) 681 (85.3) 
4-5 points 576 (20.0) 147 (34.3) 141 (19.9) 171 (18.2) 117 (14.7) 
 



1110                                                        T Song, Y Mu, X Gong, W Ma and L Li 

suffering from moderate to severe malnutrition which was 
higher than reported in previous domestic and foreign 
studies. Thus, malnutrition occurs more easily and to a 
greater degree in children with liver disease. The HAZ is 
used as a long-term index of nutritional status, as chronic 
malnutrition causes slowed growth, while the WHZ is 
used to reflect recent nutritional deprivation manifested as 
emaciation. Alternatively, the WAZ reflects immediate 
and long-term nutrition, manifesting as low body weight. 
In this study, all these rates were higher than in the gen-
eral Chinese population (growth retardation: 16.8% vs 
9%; emaciation: 19.0% vs 1.8%; low body weight: 18.9% 
vs 3.1%),12 indicating that children with liver disease ex-
hibit the effects of both long-term and acute malnutrition.  

Etiological analysis revealed that hereditary and meta-
bolic liver diseases were associated with the highest 
growth-retardation rates, while chronic viral hepatitis C 
was associated with the highest low-weight rate, suggest-
ing that children with hereditary and metabolic liver dis-
eases, and those with chronic viral hepatitis, had the 
poorest long-term nutritional status. Drug-induced liver 
injury was associated with the highest emaciation rate; 
thus, a recent reduction in a child’s weight may be associ-
ated with a decrease in diet caused by acute liver injury. 
Conversely, 90.5% of children with non-alcoholic steato-
hepatitis were overweight or obese, suggesting that non-
alcoholic fatty liver disease is the predominant liver 
presentation of metabolic syndromes, such as hypergly-
cemia, hypertension, obesity, high triglycerides, and low 
HDL. The current increases in the rates of overweight and 
obesity among children have led to higher rates of liver 
pathology.13,14 

 
Nutritional risk assessment of children with liver disease 
Malnutrition not only stunts growth but also reduces im-
munological and important visceral functions, leading to 
an increased incidence of infection, delayed wound heal-
ing, and other disease complications that affect progno-
sis.15 There appears to be a frequent deterioration in the 
nutritional status of hospitalized pediatric patients, and 
this is even more common in children already malnour-

ished on admission.16,17 In order to prevent and treat mal-
nutrition, especially the malnutrition and complications 
associated with hospitalization, it is necessary to identify 
the risks.18,19 Nutritional screening on admission can iden-
tify children who will most benefit from nutritional inter-
ventions or therapy.7,20 

The ideal nutritional risk screening tool should be sim-
ple and quickly administered by busy medical staff. Many 
nutrition screening tools are available for hospitalized 
children, each with pros and cons, but there is no widely 
adopted standard, and those available require further vali-
dation and comparison through large sample surveys.21 
This study used STRONGkids to assess the nutritional 
risk of children with liver disease, a tool with simple clin-
ical application and strong practicability. One-fifth of all 
cases screened were at high nutrition risk, and the rate of 
malnutrition was particularly high within this group. High 
nutritional risk was most common among children under 
3 years, likely because their nutritional status is more 
strongly influenced by external factors.  

In order to further clarify the effects of nutritional risk 
on children with liver disease, we compared the average 
hospitalization time and hospitalization expenses of chil-
dren with different nutritional risk levels. Both mean 
length of time and the cost of hospitalization were greater 
in the high nutritional risk group, suggesting that high 
nutritional risk can indeed impede recovery. Alternatively, 
standardized clinical nutrition management may improve 
recovery and reduce hospitalization costs.  

Serum albumin, prealbumin, and hemoglobin are 
commonly used to assess nutritional status. The levels of 
serum albumin and prealbumin were significantly lower 
in patients with high nutritional risk than in moderate risk 
patients, indicating that protein status in the high risk 
group had been poor for some time and that both albumin 
and prealbumin are sensitive nutritional markers. It is 
possible that children with high nutritional risk have more 
serious liver injury, which in turn leads to a decline in 
protein synthesis, while at the same time, the quantity and 
quality of dietary proteins decreases due to loss of appe-
tite. 

 
Nutritional support for children with nutritional risk 
In this study, only 8.9% of the children with high nutri-
tional risk received nutritional support, despite studies 
showing that intervention and management of hospital-
ized children with high nutritional risk improves clinical 
outcomes.22,23 Therefore, clinical staff and nutritionists 
should develop an appropriate medical nutrition therapy 
plan for all children showing nutritional risk. Appropriate 
nutritional support can promote the healing of damaged 
liver tissue, protect liver function, reduce further liver 

Table 5. Comparison of nutritional markers in blood 
between moderate and high nutritional risk groups 
 

Nutritional risk Albumin 
(g/L) 

Prealbumin 
(mg/L) 

Hemoglobin 
(g/L) 

Moderate 37.1±3.8 157±51.2 113±15.1 
High 33.5±4.2 111±50.5 112±14.9 
Statistical value 

(T) -17.123 -17.599 -1.546 

p value <0.001 <0.001 0.122 
 

 
Table 6. Comparison of nutritional support rates, length of stay, and hospital costs between moderate and high nutri-
tional risk groups 
 
Nutritional risk Nutritional support (%) Hospital stays (d) Hospital costs ($)† 
Moderate 3.5 9.9±2.5 2495.9±833.3 
High 8.9 14.0±2.8 2932.2±746.0 
Statistical value X2=29.852 Z=-22.600 Z=-9.495 
p value <0.001 <0.001 <0.001 
 
†Total cost in US dollars.  



                                                                  Malnutrition in pediatric liver disease                                                           1111                                                             

damage caused by pathogenic factors, and promote faster 
recovery.9 Thus, nutritional intervention for children with 
liver disease is an important component of comprehensive 
clinical treatment.  

ONS are widely used by patients with chronic diseases. 
In recent years, enteral nutrition using elemental diets, 
intact protein-based non-elemental diets, and module di-
ets in the form of ONS has been applied in clinical prac-
tice to provide patients with additional energy and nutri-
ents.24-27 The clinical efficacy of ONS has been confirmed 
by a large number of studies as indicated by reduced 
length of hospital stay, medical costs, and risk of read-
mission within 30 days.28,29 ONS are particularly benefi-
cial for patients who are malnourished or at risk of mal-
nutrition.25 As the prevalence of malnutrition is high in 
children with liver disease, and children with liver disease 
cannot achieve the desired nutritional intake through their 
ordinary diet, ONS should be considered to help maintain 
weight and improve nutritional status.  

Most children with liver disease have difficulty digest-
ing fat, therefore, consideration should be given to con-
trolling both total fat intake and the proportion of saturat-
ed fatty acids. For these children, a low-fat diet may be 
most appropriate.10 Given that medium chain triglycerides 
(MCTs) can enter mitochondria directly without carnitine, 
ONS such as Peptamen JUNIOR, Nutren JUNIOR, and 
Nutren Optimum, containing high MCTs (20% to 60% of 
the total fat) could prove beneficial by reducing the bur-
den on the liver, thereby promoting recovery of liver 
function and nutritional status.30 For children with liver 
disease, improper protein uptake may also aggravate the 
disease.31 Branched chain amino acids (BCAAs) as the 
main nitrogen source can help reduce the burden on the 
liver, which is especially beneficial for immature liv-
ers.9,32 However, no complete and balanced nutrition with 
high BCAAs is available for children in mainland China. 
Also, for children with hereditary and metabolic liver 
diseases, like glycogen storage disease and galactosemia, 
prohibiting or limiting the intake of lactose is an indis-
pensable measure. These children need special formulae 
to replace milk and milk products. At present, all lactose-
free formulae sold in the mainland Chinese market con-
tain a certain amount of lactose and are suitable only for 
lactose intolerance in children and adults. 

Only 96 of the cases in this study used enteral nutrition 
support, and all for special medical purposes without doc-
tor’s advice, which indicates that the clinical nutritional 
therapy of children with liver disease has yet to be regu-
lated. A large amount of information about pediatric liver 
injury is now available, but there are few reports on the 
role of nutritional interventions in comprehensive clinical 
treatment, and there is a lack of data based on clinical 
research and evidence-based medicine. Consequently, it 
is still important to study the effects of pediatric liver 
disease on nutritional status, strengthen the screening for 
nutritional risk of hospitalized children, conduct early 
nutritional interventions, and monitor the nutritional sta-
tus of children with liver disease. 
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