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Growth hormone (GH) plays a leading role in the regulation of cell and tissue metabolism and growth. Its effects 
are mediated through the so-called somatomedins, among which the most important is the liver-produced insulin-
like growth factor 1 (IGF-1). It has been reported that serum GH levels in liver recipients is related to the clinical 
transplant outcomes. Objective: to evaluate the prognostic significance of GH in pediatric liver transplantation 
(LT). Materials and methods. The study enrolled 148 children (61 boys) aged 2 to 60 months (median, 8) with 
end-stage liver disease resulting from biliary atresia (n = 86), biliary hypoplasia (n = 14), Byler disease (n = 15), 
Alagille syndrome (n = 12), Caroli syndrome (n = 5), and other liver diseases (n = 16, cryptogenic cirrhosis, 
fulminant and autoimmune hepatitis, Crigler–Najjar and Budd–Chiari syndromes, alpha-1 antitrypsin deficiency, 
glycogenosis and hepatoblastoma). All the patients were transplanted with the left lateral segment of the liver 
from a living related donor. GH concentrations were measured by enzyme immunoassay before, at one month 
and at one year after transplantation. Results. Median plasma GH levels in children with liver disease were 4.3 
[1.6–7.2] ng/mL, significantly higher than in healthy children of the same age at 1.2 [0.3–2.4] ng/mL, p = 0.001, 
while mean height and body weight were lower than in healthy controls. GH levels decreased significantly after 
transplantation. At one month and one year later, the levels did not differ from those of healthy children (p = 
0.74, p = 0.67, respectively). One month after transplantation, GH concentrations were lower in 1-year survivors 
than in non-survivors (p = 0.02); the diagnostically significant threshold GH level was 1.8 ng/mL. Prior to LT, 
plasma GH levels did not differ between 1-year survivors and non-survivors. Children with GH levels below 
1.8 ng/mL post-LT were 9 times more likely to survive one year post-transplant than patients with levels above 
the threshold. Conclusion. GH concentrations in pediatric liver recipients is a positive prognostic indicator of 
pediatric LT outcomes.
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inTrOducTiOn
Pediatric liver transplantation (LT) for end-stage liver 

disease is currently the only radical method of treatment 
that can achieve not only high survival rates, but also full 
physical and social rehabilitation. According to interna-
tional researchers, 1-year survival of living-donor pedi-
atric liver recipients is 86–96% [1, 2]. The experience 
at the Shumakov National Medical Research Center of 
Transplantology and Artificial Organs shows that 1-year 
survival after transplantation exceeds 90% [3].

Currently, there are no accepted methods for predic-
ting transplant outcomes in recipient children that are 
based on objective indicators. Validation of prediction 
methods is a promising approach to further improve LT 
outcomes in children [4, 5].

Important factors associated with longevity and qua-
lity of life are GH and IGF-1, which have received much 
attention in recent decades [6, 7].

GH and IGF-1 are significant links in humoral re-
gulation of liver function: IGF-1 mediates anabolic and 
mitogenic effects of GH in peripheral tissues. Over 90% 
of IGF-1 circulating in systemic circulation is synthe-
sized in the liver. IGF-1 production is regulated by GH, 
which stimulates its production by liver cells. In turn, 
IGF-1 regulates GH production in a negative feedback 
manner [8, 9].

The GH/IGF-1 axis controls cell and tissue growth, 
is closely connected with liver function and can affect 
survival of patients with liver diseases and transplant 
recipients [10, 11]. It is assumed that GH affects LT 
outcomes in children indirectly through regulation of 
growth and body weight, hepatocyte function and immu-
ne system activity [12–14]. In pediatric liver recipients, 
there is insufficient data on neurohumoral regulation of 
graft function.
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The aim of this work is to evaluate the prognostic 
significance of GH in liver transplantation in young 
children.

maTerialS and meThOdS
The study included 148 children, 61 boys and 87 girls 

aged 2 to 60 months (median, 8) with end-stage liver 
disease. The study protocol was approved by the local 
ethics committee at Shumakov National Medical Re-
search Center of Transplantology and Artificial Organs. 
To participate in the study, patients’ legal representatives 
signed a written informed consent, which is kept in their 
medical records.

In the children enrolled for the study, the causes of 
liver failure were biliary atresia (n = 86), biliary hypo-
plasia (n = 14), Byler disease (n = 15), Alagille syndrome 
(n = 12), Caroli syndrome (n = 5), and other conditions 
(n = 16), such as cryptogenic cirrhosis, fulminant hepa-
titis, autoimmune hepatitis, Crigler–Najjar syndrome, 
Budd–Chiari syndrome, alpha-1 antitrypsin deficiency, 
glycogenosis, and hepatoblastoma. All patients under-
went left lateral LT from a living related donor. After 
transplantation, patients received double- or triple-drug 
immunosuppressive therapy, which included tacrolimus, 
mycophenolates, and corticosteroids.

The comparison group consisted of 16 healthy child-
ren, 9 boys and 7 girls, examined after treatment for 
intestinal dysbacteriosis. The median age in the compa-
rison group was 12 (6–25) months. To compare the reci-
pients’ anthropometric indicators, represented by mean 
values and mean quartile deviation, we used the WHO 
reference data for healthy children of the same age [15].

We measured growth hormone content in plasma ob-
tained from venous blood collected on an empty stomach 
between 8 and 10 o’clock in the morning. Blood was coll-
ected in disposable plastic tubes (BD Vacutainer, Becton 
Dickinson, USA) containing anticoagulants (ethylene-
diaminetetraacetic acid or sodium citrate). Blood plas-
ma obtained by centrifugation at 1500 g for 10 minutes 
was stored at –500 °C until analysis. Plasma GH levels 
were measured by enzyme immunoassay using a reagent 
kit (DBC, Canada) according to the manufacturer’s in-
structions. The results of GH level measurements are 
represented by median and interquartile range values, 
25th to 75th percentile.

Statistical analysis was carried out using parametric 
and nonparametric statistics methods. Fisher’s exact test 
was used to compare parametric samples. The Mann–
Whitney U test was used to compare independent non-
parametric variables; paired Wilcoxon test was used to 
compare dependent samples; correlation analysis was 
performed according to Spearman’s correlation. Dif-
ferences were considered statistically significant at p < 
0.05.

A receiver operating characteristic (ROC) analysis 
was performed to assess the information content of the 

test. The area under the ROC curve (AUC) reflects the 
probability with which the test is able to separate one 
group of patients from another. As a null hypothesis, it 
was assumed that the area under the ROC curve does 
not differ from 0.5. The threshold GH level, separating 
patients from healthy ones, was determined by plotting 
the dependences of sensitivity and specificity on plasma 
GH levels.

The diagnostic sensitivity and specificity of the test, 
as well as the optimal GH threshold level was deter-
mined at the point of maximum sum of sensitivity and 
specificity. Test sensitivity was defined as the propor-
tion of patients with a positive test among all patients. 
Test specificity was defined as the proportion of healthy 
people with a negative result among all healthy people.

Relative risk (RR) was calculated using a four-field 
contingency table for the marker concentration threshold 
and estimated 95% confidence interval (CI). The RR 
value was considered statistically significant (p < 0.05) 
if the lower CI limit was above 1.

We also calculated test accuracy (Ас), positive predic-
tive value (PPV) and negative predictive value (NPV). 
Method accuracy was defined as the proportion of correct 
results, the ratio of the number of true positive and true 
negative results to the total number of tests. The PPV, 
reflecting the probability of becoming ill with a positive 
test, was determined as the proportion of true positives 
in the total number of all positive results. The NPV, i.e., 
the probability of not getting sick with a negative test 
was determined as the proportion of true negatives in the 
total number of negative results.

Calculations were made using computer statistical 
programs MS Office Excel (MS, USA), SPSS Statistics 
20 (IBM, USA), and Statistica 7.0 (StatSoft, Inc., USA).

reSulTS
The indication for LT in children aged 2–60 months 

(median, 8) was end-stage liver disease, which was, in 
90% of cases, caused by congenital and hereditary hepa-
tobiliary diseases and in 10% of cases by rare metabolic 
disorders. The main characteristics of liver recipients 
included in the study are presented in Table 1.

The comparison group included 16 virtually healthy 
children, 9 boys and 7 girls, who were examined after 
treatment for intestinal dysbacteriosis. The median age 
in the comparison group was 12 (6–25) months.

The age and sex composition of the recipient children 
included in the study and children in the comparison 
group did not differ (p = 0.78 and p = 0.84, respectively).

The mean height of the patients included in the study 
was 71.2 ± 8.2 cm and was significantly lower than the 
mean reference value for healthy children of the same 
age (75 ± 6 cm according to WHO data, p = 0.00). The 
body weight of the recipients was 7.9 ± 2.3 kg and was 
lower than in healthy children, 9.5 ± 2 kg, p = 0.00.
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Fig. 1. GH levels in children before and at various times after 
LT. *, p < 0.05 compared to pre-transplant levels

Recipients’ height one year after transplantation aver-
aged 82.1 ± 7.6 cm and remained significantly lower than 
the mean reference value for healthy patients of the same 
age (according to WHO data, 87 ± 7 cm, p = 0.00) [15]. 
Recipients’ mean body weight of 11.5 ± 2.2 kg did not 
statistically differ from the reference values for healthy 
children of the same age, 12 ± 2 kg, p = 0.06.

Plasma GH level in children with liver disease was 
4.3 [1.6–7.2] ng/mL and was significantly higher than 
those in healthy children of the same age, 1.2 [0.3–2.4] 
ng/mL, p = 0.001. Data on GH levels are presented as 
median and interquartile range.

Fig. 1 shows a comparative analysis of plasma GH le-
vels in children before, one month, and one year after LT.

A month after LT, plasma GH level in the recipients 
was 1.4 [1.1–2.4] ng/mL, significantly lower than before 
the operation (p = 0.001). A year after transplantation, 
GH level in recipients was 2.5 [1.5–5.7] ng/mL, sig-
nificantly lower than before surgery (p = 0.049). One 
month and one year post-LT, plasma GH level in the re-
cipients did not differ from the levels in healthy children  
(p = 0.74; p = 0.67, respectively).

To study the association of GH with clinical outcomes 
of pediatric LT, a comparative analysis of blood GH 
content in children who survived and did not survive 
one year after transplantation was performed. The pre-
transplant GH level was not associated with transplant 
outcomes one year later (r = 0.03, p = 0.32). Data on 
plasma GH levels before and one month after transplan-
tation in recipients who survived and did not survive one 
year are shown in Fig. 2.

GH levels one month after transplantation in sur-
vivors were 1.4 [1.1 to 2.4] ng/mL, were significantly 
lower than those before surgery at 4.2 [1.5 to 7.2] ng/mL, 
p = 0.00. In recipients who did not survive this period, 
the GH content after one month was 5.6 [1.9–8.6] ng/mL,  
almost no different from that before surgery, 4.5 [2.0–
6.9] ng/ml, p = 0.68. That is, with a favorable LT out-
come, there was a significant decrease in GH levels, and 
with an unfavorable outcome, GH levels did not change. 
Pre-transplant GH concentrations did not differ between 
survivors and non-survivors (p = 0.78); one month post-
transplantation, plasma GH levels in survivors were si-
gnificantly lower than in non-survivors.

To determine whether data on blood GH levels in re-
cipients one month later can be used to predict outcomes 
one year later, we analyzed the relationship between test 
sensitivity and specificity at different GH levels (Fig. 3).

Analysis showed that the AUC was 0.74 ± 0.10 [0.54–
0.95], statistically significantly different from 0.5 (p = 
0.025).

To determine a diagnostically significant GH 
threshold level, we performed an analysis based on plots 
of the dependence of test sensitivity and specificity on 
GH levels in child recipients one month after LT (Fig. 4).

Table 1
Main characteristics of liver recipients

Characteristics Indicators
Number (n) 148
Age (months), median (range) 8 (2–60)
Sex (n, %):

Boys
Girls

61 (87)
41 (59)

Liver disease (n, %):
Biliary atresia
Biliary hypoplasia
Alagille syndrome
Byler disease
Caroli syndrome
Others:

Cryptogenic cirrhosis
Fulminant hepatitis
Autoimmune hepatitis
Crigler–Najjar syndrome
Budd–Chiari syndrome
Alpha-1 antitrypsin deficiency
Glycogenosis
Hepatoblastoma

86 ( 58.1)
14 ( 9.5)
12 ( 8.1)
15 (10.1)
5 (3.4)

16 (10.8)

Fig. 2. GH levels before and one month after liver transplan-
tation in 1-year survivors and non-survivors. *, p < 0.05
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Fig. 3. ROC analysis of plasma GH levels in pediatric reci-
pients one month after LT to assess 1-year survival, AUC = 
0.74 ± 0.10; 95% CI 0.54–0.95, p < 0.05

Fig. 4. Dependence of test sensitivity and specificity on GH concentrations in pediatric recipients one month post-LT

The threshold GH level, which corresponds to the 
maximum specificity (0.614) and sensitivity (0.875) of 
the test, was 1.8 ng/mL. The result means that patients 
with post-transplant GH levels below the threshold have 
a 61.4% chance of surviving one year post-transplant, 
while those with GH levels above the threshold have an 
87.5% chance of not surviving this period.

Calculation of RR showed that at GH levels above the 
threshold, the RR of not surviving one year was 9.06 ± 
1.04 [CI 1.17 to 70.15], p < 0.05. Thus, recipients with 
a blood GH level >1.8 ng/mL one month after transplan-
tation had a 9-fold higher risk of not surviving one year 
than recipients with lower levels of the hormone.

Table 2 presents the calculated informative charac-
teristics of the test.

As can be seen from the table, test accuracy was 64%, 
which corresponds to the overall proportion of correct 
results. The PPV reflecting the probability of not survi-
ving a year with a GH level above 1.8 ng/mL was 88%, 
and the NPV reflecting the probability of surviving a 
year with a hormone value below the threshold was 61%.

diScuSSiOn
Prediction of pediatric LT outcomes is important be-

cause it provides an opportunity for a more personalized 
approach to patient management in the early stages af-
ter surgery. Current widely used methods for predicting 
survival in patients with liver failure based on complex 
indicators or the results of biochemical studies reflecting 
liver function, such as albumin levels, are not effective 
enough. This can be partly down to intensive replace-
ment therapy in the early post-transplant period in liver 
recipients [16–18].

The height and body weight of children with end-
stage liver disease are significantly lower than those of 
healthy children of the same age. The present study found 
that after LT, children recover their body weight to the 
level of healthy children of the same age and there is 

Table 2
Characteristics of the test to assess 1-year recipient 

survival based on GH levels one month after LT
Characteristics Values

AUROC, 95% CI 0.74 ± 0.10 
[0.54–0.95]*

Sensitivity 0.875
Specificity 0.614
Growth hormone threshold 1.8 ng/mL

Relative risk, 95% CI 9.06 ± 1.04 
[1.17–70.15]*

Test accuracy (Ac) 64%
Positive predictive value (PPV) 88%
Negative predictive value (NPV) 61%

*, р < 0.05.
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a tendency for increased average height of recipients. 
Earlier in our studies, it was shown that in children with 
hepatobiliary diseases, the GH level is elevated in com-
bination with impaired IGF-1 synthesis in the liver and 
reduced IGF-1 levels in the blood; LT in children is ac-
companied by improved anthropometric parameters due 
to restoration of IGF-1 synthesis by donor liver cells and 
normalization of relations in the GH/IGF-1 axis [19, 20].

In this work, a reliable decrease in post-LT plasma 
GH levels was established. The decrease can be due to 
IGF-1 production by the graft; absence of significant 
GH dynamics is indirect evidence of insufficient IGF-1 
production by a graft, i.e. graft functional failure. The 
findings confirm that liver graft plays a role in GH pro-
duction.

The results of the present work showed that GH le-
vels after one month negatively correlates with one-year 
transplant outcomes. This suggests that plasma GH tests 
can be used to predict LT outcomes in young children.

Based on the assessment of diagnostic efficiency of 
GH levels using common C-statistic methods: construc-
tion of ROC curve, determination of threshold values 
and calculation of informative characteristics of test, we 
show that plasma GH levels in liver recipient children 
one month after transplantation can be used to predict 
one-year survival with a 74 ± 10% probability. A test 
probability level of about 75% or more, is generally con-
sidered an indicator of a good test. A threshold GH level 
of 1.8 ng/mL separates high and low risk recipients from 
those at risk of not surviving 12 months after transplan-
tation. Recipients with GH levels below the threshold 
(1.8 ng/mL) were 9 times more likely to survive the 
year than those with levels above the threshold. The 
overall accuracy of this test was 64%. The PPV and NPV 
were 88% and 61%, respectively. At GH levels below 
the threshold (negative test), the probability of one-year 
survival was 61%. At GH levels above the threshold 
(positive test), the probability of not surviving one year 
after transplantation was 88%. Thus, the test results have 
a high probability of predicting LT outcomes.

The data we obtained on the relationship between 
transplant outcomes and plasma GH levels in liver re-
cipients are consistent with the data obtained by other 
authors, who showed the importance of body weight, 
which directly depends on GH levels, in survival. In adult 
liver recipients, a positive correlation of lower blood GH 
concentrations after transplantation with 3-month and 
3-year survival was also established [10, 21].

The present work is an observational and retrospec-
tive hypothesis-driven study. To use GH as an objec-
tive laboratory criterion in predicting LT outcomes in 
children, a prospective clinical study of its diagnostic 
efficacy is needed.

cOncluSiOn
Our work shows that GH levels in children one month 

after LT can serve as a positive prognostic indicator of 
transplant outcome; patients with GH levels below the 
threshold (1.8 ng/mL) may be 9 times more likely to 
survive one year after transplantation than those with 
hormone levels above the threshold. The results obtained 
may be useful for personalization of patient manage-
ment, as well as for understanding the links between 
the neuroendocrine system and factors affecting liver 
graft function.
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