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Abstract

:

The anomalies of the Growth Hormone (GH)/Insulin-like Growth Factor-1 (IGF1) axis are associated with a higher prevalence of Metabolic Associated Fatty Liver Disease (MAFLD) and with a more rapid progression towards fibrosis, cirrhosis, and end-stage liver disease. A total of 191 adolescents with obesity [12–18 years] were consecutively enrolled between January 2014 and December 2020 and underwent liver biopsy to diagnose MAFLD severity. In all patients GH, IGF1 and Insulin-like Growth Factor-Binding Protein 3 (IGFBP3) were measured. Patients with inflammation and ballooning have significantly lower values of GH and IGF1 than those without (GH: 5.4 vs. 7.5 ng/mL; IGF1 245 vs. 284 ng/mL, p < 0.05). GH and IGF1 were also negatively correlated with fibrosis’ degree (r = −0.51, p = 0.001, and r = −0.45, p = 0.001, respectively). Only GH correlated with TNF-a (r = −0.29, p = 0.04) and lobular inflammation (r = −0.36, p = 0.02). At multivariate regression, both GH and IGF1 values, after adjustment for age, sex and BMI, were negatively associated with HOMA-IR but above all with fibrosis (GH→β = −2.3, p = 0.001, IGF1→β = −2.8, p = 0.001). Even in the pediatric population, a reduction of GH input in the liver directly promotes development of de novo hepatic lipogenesis, steatosis, fibrosis and inflammation. The possible role of recombinant GH administration in adolescents with obesity and severe MAFLD deserves to be studied.
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1. Introduction


Metabolic Associated Fatty Liver Disease (MAFLD) is one of the main complications of obesity and has become the most frequent liver disease in children and adolescents. Furthermore, obesity is associated with a reduced secretion of Growth Hormone (GH) with consequent reduced secretion of Insulin-like Growth Factor-1 (IGF1) from the liver [1]. Recent pre-clinical studies suggest that the anomalies of the GH/IGF1 axis are associated with a higher prevalence of steatosis, with a more rapid progression towards non-alcoholic steatohepatitis (NASH), cirrhosis and end-stage liver disease [2].



GH and IGF1 are important regulators of glucose and lipid metabolism and have anti-inflammatory and anti-fibrotic effects [3]. GH and IGF1 have opposite effects on glycemic metabolism: GH acts as a counter-regulating hormone, increasing blood sugar levels by promoting hepatic gluconeogenesis and glycogenolysis, and favoring the release of glucose from cells, while IGF1 exerts hypoglycemic effects, favoring the intracellular absorption of glucose and the accumulation of hepatic glycogen, given its structural homology with insulin, and inhibiting GH secretion via negative feedback [2,3]. Diverging effects are also observed on lipid metabolism in the adipose tissue, where GH promotes lipolysis while IGF1 promotes lipogenesis [2].



Due to these biological actions, in the liver the deficiency of GH and IGF1 favors the development of MAFLD, respectively, by increasing the accumulation of triglycerides in hepatocytes and by causing the development of insulin resistance [4,5]. In a recent study, the specific deletion of the hepatocyte GH receptor in mouse models was associated with a fourfold increase in circulating GH levels and strong suppression of IGF1 levels. Phenotypically, these mice exhibited insulin resistance, glucose intolerance, fatty liver and increased free fatty acid levels [6]. Fusco et al. found that in adult humans with obesity the response to the arginine release test, assessed upon circulating levels of GH, was reduced in MAFLD compared to controls [7]. Similarly, another study has shown an association between reduced GH levels and increased intrahepatic lipids in adult women with obesity [8]. Ichikawa et al. also reported that serum GH was inversely associated with MAFLD in adult subjects with obesity, but a GH stimulation test was not performed in the study [4]. Similarly to IGF1, IGF-binding proteins (IGFBPs) are also synthesized by the liver in response to GH. IGFBPs in serum bind IGF1 to regulate its action but also have independent biological actions [9]. A recent analysis suggests that circulating levels of IGFBPs increase in the developmental stage of liver fibrosis [10], while other studies suggest that MAFLD correlates with high circulating levels of IGFBP-1, IGFBP-2 and IGFBP-3 [11,12,13,14,15]. An additional protein with less binding for IGF1, called IGFBP1 or IGFBP-7, has recently emerged as a marker of insulin resistance [16] and MAFLD [17]. Based on these data, the administration of recombinant GH could therefore significantly improve steatosis, inflammation, and hepatic fibrosis in patients with either steatosis or NASH [2]. In fact, the administration of GH reduces oxidative and inflammatory mediators such as the Tumor Necrosis Factor (TNF) and acute phase proteins (ultra-sensitive C reactive protein) in the liver [18]. In studies based on animal models of liver cirrhosis, IGF1 has also been shown to have hepatoprotective effects and appears to reduce oxidative stress, insulin resistance, hepatocellular apoptosis and fibrogenesis [19]. A number of preclinical and clinical studies on animal models and adult patients confirms the correlation between GH and IGF1 levels in the development of MAFLD; At the same time, we know little in this regard about adolescents, who constitute an independent clinical and biochemical model, due to pubertal development. For these reasons, we conducted a study in a large cohort of adolescent patients with obesity and no hypothalamic-pituitary disease, aimed to confirm a positive relationship between relative GH deficiency and MAFLD, and to show, for the first time in a pediatric study, a correlation between serum levels of GH and IGF1 with hepatic histology. We have confidence that this study will help to understand how relative alterations of the GH/IGF1 axis can influence clinical deterioration and liver damage progression in patients with MAFLD.




2. Materials and Methods


We enrolled 191 adolescents, aged 12 to 18 years, sent to the Hepatology Department of the “Bambino Gesù” Children’s Hospital of Rome from January 2014 to December 2020, who had ultrasound imaging of hepatic steatosis and agreed to undergo liver biopsy to evaluate steatosis’ severity in accordance with ESPGHAN guidelines [20]. Patients were divided by Tanner’s stage and gender, and all were affected by obesity, with a Body Mass Index (BMI) ≥90–95th percentile. BMI and Waist Circumference percentile (WC) were calculated on the anthropometric data collected at the time of diagnosis. All patients were tested for secondary causes of fatty liver disease (e.g., Wilson’s disease, α-1-antitrypsin deficiency, viral hepatitis, autoimmune hepatitis, endocrinological, genetic and metabolic diseases, celiac disease, alcohol and/or drug use) [20,21]. Adolescents with pituitary disorders or with GH deficiency were excluded. All were Caucasians of Italian descent. The study was conducted according to the rules of the Declaration of Helsinki. Venous blood samples were collected after fasting for at least 8 h. Serum liver enzymes (aspartate aminotransferase, AST, alanine aminotransferase, ALT, and gamma-glutamyl transferase, GGT), lipids (total cholesterol, high density lipoprotein-cholesterol, HDL, low density lipoprotein-cholesterol, LDL, and triglycerides), fasting glucose, fasting insulin levels, GH, IGF1 and IGFBP-3 binding proteins were measured in all patients at the Central Laboratory of the “Bambino Gesù” Children’s Hospital. GH levels were standardized to 8 ng/mL [22,23]. In our laboratory, GH levels are defined using the ECLIA method (electrochemiluminescence); The reference values are <8.05 ng/mL for females and <10.8 ng/mL for males in the population between 10 and 18 years. We used a unique cut-off of 8 ng/mL in the whole population to define a significant deficit. The IGF1 levels were normalized for Tanner stage (I = 71.4–394, II = 122–508, III = 164–545, IV = 174–480, V = 169–400 ng/mL), and were dosed using a chemiluminescent sandwich immunoassay (CLIA). The Insulin-like Growth Factor-Binding Protein 3 (IGFBP-3) levels were considered normal for a range of 3.5–10 µg/mL, as per the standards of our analysis laboratory. The model score homeostasis assessment (HOMA-IR) was used for insulin resistance estimation, with a value > 2.5 considered as a marker of insulin resistance [24]. Liver biopsies were performed, after the consent of parents and patients was obtained, using an 18-gauge automatic biopsy needle, general anesthesia, and guided ultrasound. The histological features of fatty liver disease were steatosis, portal and lobular inflammation, balloon hepatocytes, and fibrosis. Histological analysis was performed by a single pathologist blinded to clinical and laboratory data. All samples were analyzed immediately after collection, as were all of the laboratory parameters. Steatohepatitis was characterized by the scoring system (NAS) developed by the National Institutes of Health NASH Clinical Research Network [25]. Hepatic steatosis was classified on four degrees: 0 = steatosis involving less than 5% of hepatocytes, 1 = involving steatosis = 33% of hepatocytes, 2 = involving steatosis = 33–66% and 3 = steatosis in 66% of hepatocytes. Lobular and portal inflammation were classified on four degrees: 0 = none, 1 = mild, 2 = moderate, and 3 = severe. Balloon hepatocytes were graded on three points: 0 = no balloon cells, 1 = few balloon cells, and 2 = many/prominent balloon cells. Finally, hepatic fibrosis was quantified using a five-point grading: 0 = fibrosis; 1 = perisinusoidal or periportal fibrosis, with (1a) mild, zone 3, perisinusoidal; (1b) moderate, zone 3, perisinusoidal; And (1c) portal/periportal; 2 = perisinusoidal/periportal portal fibrosis; 3 = fibrous bridge; 4 = cirrhosis [26].



Plasma levels of TNF-α and IL-6 were measured by using commercially available ELISA kits, according to the manufacturer’s instructions. In details: (i) TNF-α levels were measured by Human TNF-α ELISA Ready-SET-Go (Affymetrix eBioscience; Catalog. Number: 88–7346; San Diego, CA, USA), the detection range of the kit is 4–500 pg/mL; (ii) IL-6 levels were measured by Human IL-6 ELISA Ready-SET-Go (Affymetrix eBioscience; Catalog. Number: 88–7066; San Diego, CA, USA), the detection range of the kit is 2–200 pg/mL.




3. Statistical Analysis


Data are expressed as mean and SD, or as medians and interquartile intervals (IQRs), or frequencies. Differences in clinical variables were tested by the exact Fischer test for categorical variables, by unidirectional ANOVA for normally distributed continuous variables, and by the Kruskal Wallis’s test for non-normally distributed continuous variables.



Pearson and Spearman correlation coefficients were calculated to examine invariable linear associations of plasma levels of GH, IGF1 and IGFBP-3 with liver fibrosis values, metabolic parameters and cytokines. Subsequently, a multivariate linear regression modeling analysis was used to verify the independence of association between these three circulating biomarkers as key exposures, with metabolic parameters and histological characteristics as the key outcome (included as a continuous measure), after adjusting for potential confounding factors, such as age, gender, and BMI. Covariates included in all multivariable regression models were selected as potential confounders based on their significance in univariable regression analyses or on their biological plausibility. A p < 0.05 was considered statistically significant. Statistical analyses were performed using Medcalc software, version 20.014 (MedCalc Software Ltd., Ostend, Belgium).




4. Results


A total of 191 adolescents (mean age 12.9 ± 2.1 years), 87 (45%) males and 93 (55%) females, underwent liver biopsy for MAFLD between 2015 and 2022 at the Hepatology Unit of the “Bambino Gesù” Children’s Hospital. The characteristics of the population are shown in Table 1.



The GH (7.8, IQR 5.8–9 ng/mL) values as well as the IGF1 (266, IQR 198–345 ng/mL) and IGFBP-3 (2.34, IQR 1.5–3.2 ng/mL) values were appropriate for the age of patients, especially considering the dependence on pubertal stage for IGF1and GH. Mean values of BMI and WC, as well as mean values of transaminases and HOMA-IR, were high for age.



Moreover, after dividing our population by Tanner’s stage and sex, there were no differences for values of GH, IGF1 and IGFB3, as well as for metabolic syndrome and cytokine parameters (Table 2).



As for the histologic features, in our population 46% of the patients (89) had a diagnosis of steatohepatitis on histology (NAS > 4), and 70% had fibrosis > 1 (Table 3) (Figure 1).



In our population, adolescents with steatohepatitis had a significantly higher BMI than those without steatohepatitis. Furthermore, all our adolescents with steatohepatitis had significantly (p < 0.05) higher metabolic syndrome parameters (triglycerides, HOMA-IR, uric acid and basal glucose), but also significantly higher ALT and AST values (ALT 75 IQR 39–90 vs. 49, IQR 24–66 U/L; AST 50 IQR 33–62 vs. 37 IQR 25–45 U/L). Moreover, the steatohepatitis group had significantly high values of IL-6 (35 IQR 15–39 vs. 25 IQR 22–35.5) and TNF-a (72 IQR 12–72 vs. 44 IQR 7.5–44), p < 0.05.



Regarding GH values, patients with steatohepatitis had significantly lower values than those without such condition (5.4 IQR 4–6.8 vs. 7.5 IQR 6–8.2 ng/mL), as well as lower IGF1 (245 IQR 150–310 vs. 284 IQR 208–345 ng/mL) and IGFBP-3 values (2 IQR 1.4–2.8 vs. 2.6 IQR 1.6–3.4 µg/mL) (Table 4).



GH levels in our population were negatively correlated with insulin (r = −0.21, p = 0.005) and HOMA-IR (r = −0.32, p = 0.0001), but especially with fibrosis (r = −0.51, p = 0.001) and lobular inflammation (r = −0.36, p = 0.02) at liver biopsy. Moreover, the GH negatively correlated with TNF-a (r = −0.29, p = 0.04), but not with IL-6. IGF1 levels negatively correlated with BMI (r = −0.15, p = 0.03), glucose (r = −0.28, p = 0.0001), HOMA-IR (r = −0.35, p = 0.0001), total-cholesterol (r = −0.38, p = 0.001), and fibrosis (r = −0.45, p = 0.001) but not with other histological parameters and cytokines. Finally, IGFBP-3 values correlated negatively with BMI (r = −0.19, p = 0.02), glucose (r = −0.23, p = 0.02), HOMA-IR (r = −0.27, p = 0.003), total-cholesterol (r = −0.21, p = 0.005), as well as with fibrosis (r = −0.45, p = 0.001) and portal inflammation (r = −0.23, p = 0.002) (Figure 2).



Multivariate regression was performed after the correlation study, showing that GH as well as IGF1 values, adjusted for Tanner’s stage, sex and BMI, were negatively associated with HOMA-IR but above all with liver fibrosis (GH:→β = −2.3, SE 0.31, p = 0.001; IGF1:→β = −2.8, SE = 1.1, p = 0.001). Only GH was associated with TNF-a (β = −1.2, SE 0.12, p = 0.04) (Table 5).




5. Discussion


To our knowledge, our study is the first one performed on adolescents with MAFLD diagnosis sustained by liver biopsy, and it shows that serum GH levels are inversely correlated with the onset of liver fibrosis (r = −0.51, p = 0.0001). In patients with lower GH values (although within the normal range), we observed a more severe liver damage progression. Furthermore, the GH values appeared to be inversely correlated with lobular inflammation (r = −0.36, p = 0.02), which is a sign of chronic active inflammation of the liver induced by cytokines, and which activates hepatic stellate cells causing the release of collagen and the formation of fibrosis. These data are in accordance with the adult population and the literature on animal models [3], since changes in the GH/IGF1 axis are known to increase the risk of MAFLD [27]. Numerous studies conducted on animal models have shown that mice with liver-specific GH receptor knock-out show severe hepatic steatosis along with upregulation of inflammatory cytokines and increased transaminases, signaling hepatocellular damage [28]. This finding is also confirmed in clinical studies conducted on an adult population with GH deficiency, in which it was shown that patients have a higher prevalence of MAFLD, and that GH replacement betters the characteristics of this damage [29,30].



Another important finding that emerges from our study is that GH values are associated with alterations of lipid profile. Our adolescents with lower GH values have higher total cholesterol levels and significantly lower HDL levels (Table 5). In fact, GH suppresses hepatic lipogenesis “de novo”, stimulates lipolysis and increases lipid beta-oxidation by reducing the concentration of triglycerides in hepatocytes and altering the hepatic lipid production [31,32].



No less important in the pathogenesis of MAFLD appears to be the role of IGF1 and the IGF1/IGFBP-3 ratio. Hepatocytes do not express the IGF1 receptor, distinct from hepatic stellate cells and Kupffer cells [33]. In a recent study conducted in an adult population, patients with higher levels of serum IGF1 and with a higher IGF1/IGFBP-3 ratio had a lower risk of NASH, while patients with obesity with/without MAFLD always had lower serum IGF1 levels [33]. Furthermore, the IGF1/IGFBP-3 ratio significantly decreased with the increasing degree of fibrosis, i.e., with the progression towards an irreversible liver damage [28]. This finding is also confirmed in our pediatric study. In our adolescents, levels of IGF1 (r = −0.45, p = 0.0001) and of IGFBP-3 (r = −0.35, p = 0.0001) are inversely related to the degree of fibrosis (Table 4).



Regarding glucose homeostasis, our data are consistent with the known insulin-like effects of IGF1. In animals and humans, IGF1 suppresses glucagon and hepatic gluconeogenesis, increases peripheral glucose utilization, and suppresses lipolysis and protein breakdown [34]. These effects are mediated by the action of IGF1 on the insulin receptor but have also been shown to occur in part through signaling to the IGF1 receptor. In our patients, the reduced serum values of IGF1 are associated with elevated values of basal insulin and HOMA-IR (r = −0.32, p = 0.001) but also of total cholesterol (Table 4).



The role of obesity is another important point. Obesity is often associated with insulin resistance, glucose intolerance, and MAFLD. However, obesity is also associated with GH deficiency, resulting in decreased hepatic GH signaling and decreased hepatic synthesis of IGF1, two factors that may favor the development of steatosis. Many individuals with obesity have a (relatively physiological) impaired GH secretion that can be reversed by weight loss [35]. In our pediatric population, IGF1 levels are lower in patients with high BMI and with significant obesity (r = −0.15, p = 0.03). Although in the literature the total serum levels of IGF1 does not appear to decrease in obesity, and, on the contrary, levels of bioactive IGF1 are even slightly elevated when compared to normal weighting subjects, in populations affected by steatosis and steatohepatitis this picture changes. In a recent work, it was indeed demonstrated that IGF1 is strongly negatively associated both with MAFLD characteristics and with insulin resistance [3]. In the general population, adults with higher serum IGF1 levels and a higher serum IGF1/IGFBP-3 ratio have a lower risk of MAFLD [28]. In adults with obesity and/or MAFLD, serum IGF1 levels were lower in those with higher degrees of inflammation and higher stage of fibrosis, and the serum IGF1/IGFBP-3 ratio decreased with increasing fibrosis [36]. This data underlines how obesity affects the IGF-1 values, but once steatosis or, even more so, steatohepatitis is established, IGF1 levels are influenced by the presence of steatosis and/or fibrosis as well as by the glycemic profile, regardless of the BMI value. In accordance with these data, the use of GHRH analog to increase endogenous GH in adults with obesity and GH deficiency has been proposed, and it has shown a positive effect in reducing visceral fat, body fat mass and systemic inflammation [37,38].



We can conclude that our study demonstrated that even in the pediatric population, a reduction in GH signaling in the liver promotes the development of “de novo” hepatic lipogenesis, steatosis, inflammation and fibrosis. Thus, in the future it may be desirable to investigate whether recombinant GH administration may have a role also in adolescents with obesity and progressing MAFLD, in order to prevent the hepatic damage induced by steatosis, which appears to increasingly lead to the appearance of cirrhosis already in young adulthood.
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Figure 1. Histologic features. (A) Simple steatosis, without inflammation. (B) Grade 2 steatosis, with initial inflammation. (C) Grade 3 steatosis, with lobular and portal fibrosis. (D) Steatohepatitis with fibrosis (Hematoxylin and Eosin, 20×). 
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Figure 2. GH correlations with histology, HOMA-IR, and TNF-a. 
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Table 1. Anthropometric and laboratory characteristics of population.






Table 1. Anthropometric and laboratory characteristics of population.





	Variables
	Mean (SD) or Median (25th–75th Centile)





	Age, years
	12.9 (2.1)



	Sex (M/F)%
	88/103 (46.2/53.8)



	BMI, kg/sqm
	28.5 (4.7)



	WC, cm (IQR)
	88.5 (81–99)



	Uric acid, mg/dL
	5.2 (1.6)



	ALT, UI/L (IQR)
	51 (31–78)



	AST, UI/L (IQR)
	39 (27–54)



	GGT, UI/L (IQR)
	21 (15–29)



	Total-cholesterol, mg/dL (IQR)
	158 (132–179)



	HDL cholesterol, mg/dL(IQR)
	43 (36–48)



	Triglycerides, mg/dL (IQR)
	138 (73–151)



	Glucose, mg/dL (IQR)
	82.9 (76–91)



	Insulin, μUI/ML (IQR)
	17.6 (10–28.3)



	HOMA-IR
	3.7 (3.4)



	DBP, mmHg (IQR)
	68 (60–74)



	SBP, mmHg (IQR)
	110 (101–118)



	GH, ng/mL (IQR)
	7.8 (5.8–9)



	IGF1, ng/mL (IQR)
	266 (198–345)



	IGFBP-3, µg/mL (IQR)
	2.34 (1.5–3.2)



	TNF-a (IQR), pg/ml
	51 (7.5–77.3)



	IL-6 (IQR), pg/mL
	29 (19–33.5)







BMI = Body Mass Index; WC = Waist Circumference; AST = aspartate aminotransferase; ALT = alanine aminotransferase; GGT = gamma-glutamyl transferase; HDL = High Density Lipoprotein; HOMA-IR = HOmeostasis Model Assessment-estimated Insulin Resistance; DBP = Diastolic Blood Pressure; SBP = Systolic Blood Pressure; GH = Growth Hormone; IGF1 = Insulin-like Growth Factor; IGFBP-3 = Insulin-like Growth Factor-Binding Protein 3; TNF-a = Tumor Necrosis Factor; IL-6 = interleukine-6.
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Table 2. Anthropometric and laboratory characteristics in the sample divided by Tanner’s stage (and approximate age) and gender.
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Tanner’s Stage I–II–III

(Approximatively 12–15 Years)

	
Tanner’s Stage IV–V

(Approximatively > 15 Years)

	
Tanner’s Stage:

I–II–III

vs. IV–V

p Values




	

	
All

(151)

	
F

(85)

	
M

(66)

	
All

(40)

	
F

(18)

	
M

(22)

	






	
Age, years

	
13.5 (1.33)

	
12.9 (1.3)

	
12.6(1.3)

	
15.9 (1.1)

	
15.9 (1.3)

	
16 (0.9)

	
0.0001




	
BMI, kg/sqm

	
27.1 (4.2)

	
27 (24–29)

	
27.1 (24–29.5)

	
29.8 (5.6)

	
30 (25–33)

	
28.8 (25–31)

	
0.01




	
WC, cm (IQR)

	
84 (78–92)

	
83 (78–92)

	
83 (77–90.5)

	
88 (78–97)

	
87 (76–96)

	
88 (81–97)

	
0.04




	
Uric acid, mg/dL

	
5.2 (1.6)

	
5.4 (1.6)

	
5 (1.5)

	
5.7 (1.6)

	
5.3 (1.9)

	
6 (1.2)

	
0.14




	
ALT, UI/L (IQR)

	
59.7 (32–75.5)

	
63 (33–78)

	
55 (31–73)

	
73 (28–96)

	
85 (32–130)

	
65 (28–78)

	
0.08




	
AST, UI/L (IQR)

	
43 (27–52.5)

	
44 (30–56)

	
41.5 (26–49)

	
45 (25–58)

	
57 (24–67)

	
39.5 (25–44.7)

	
0.65




	
GGT, UI/L (IQR)

	
23.6 (15–27)

	
25 (15–30)

	
22 (14–25)

	
32 (14–39)

	
39 (31–18)

	
26 (13–28)

	
0.01




	
Total-cholesterol, mg/dL (IQR)

	
158 (132–178)

	
165 (145–189)

	
149 (123–169)

	
161 (131–180)

	
173 (131–216)

	
151 (132–165)

	
0.66




	
HDL, mg/dL (IQR)

	
46 (38–48.5)

	
44.6 (39–49)

	
47 (36–48)

	
45 (36–48)

	
46 (36–53)

	
45 (35–44)

	
0.82




	
Triglycerides, mg/dL (IQR)

	
104 (69–117)

	
109 (97–122)

	
99 (59–110)

	
126 (89–168)

	
125 (90–170)

	
127 (89–163)

	
0.05




	
Glucose, mg/dL (IQR)

	
83.6 (76–90)

	
83 (76–89)

	
84 (77–93)

	
80 (76–86)

	
85 (77–92)

	
78 (71–83)

	
0.13




	
Insulin, μUI/ML (IQR)

	
17 (10–24)

	
19 (10–25.5)

	
16 (10–21)

	
18(10–24)

	
22 (11–29)

	
15 (10–19)

	
0.71




	
HOMA-IR (IQR)

	
3.7 (2–4.9)

	
3.9 (2.2–4.9)

	
3.4 (2–5)

	
3.8 (2–4.5)

	
4.9 (2.8–6.9)

	
3.1 (1.8–4)

	
0.81




	
DBP, mmHg (IQR)

	
67 (60–74)

	
67 (59–79)

	
67.5 (61–73)

	
66 (60–73)

	
70 (68–75)

	
63 (58–68)

	
0.49




	
SBP, mmHg (IQR)

	
110 (101–118)

	
110.5 (102–118)

	
111 (102–115)

	
111.5 (103–120)

	
110 (105–118)

	
112 (102–120)

	
0.62




	
TNF-a

	
40 (7–47)

	
41 (7–22.5)

	
36.5(12–59)

	
55.2 (43–89)

	
44.5 (30–49)

	
41 (33–78)

	
0.06




	
IL-6

	
26 (18–31.2)

	
24 (19–29.5)

	
27 (18.5–32)

	
36.5 (25–50)

	
25 (21–35)

	
39 (26–49)

	
0.13




	
GH, ng/mL (IQR)

	
10.2 (8–11)

	
10.5(3.2)

	
10 (8–11)

	
10 (8–11)

	
8.1 (7.5–11)

	
10.4 (2–11.3)

	
0.67




	
IGF1, ng/mL(IQR)

	
272 (198–345)

	
267 (198–305)

	
279 (208–347)

	
268 (198–345)

	
233 (164–305)

	
395 (125–205)

	
0.81




	
IGFBP-3, µg/mL (IQR)

	
2.4 (1.5–3.2)

	
2.4 (1.5–3.2)

	
2.4 (1.5–3.2)

	
2.2 (1.5–2.8)

	
2.2 (1.4–2.6)

	
2.3 (1.6–2.9)

	
0.5
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Table 3. Histological characteristics of the population. NAS score distribution.
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Histologic

Characteristic

	
Number of Patients

	
Percentage






	
Steatosis




	
0

	
16

	
8.4%




	
1

	
64

	
33.7%




	
2

	
72

	
37.9%




	
3

	
38

	
20%




	
Portal inflammation




	
0

	
19

	
10%




	
1

	
139

	
73.2%




	
2

	
32

	
16.8%




	
Lobular inflammation




	
0

	
73

	
38.6%




	
1

	
100

	
52.9%




	
2

	
16

	
8.5%




	
Ballooning




	
0

	
99

	
52.1%




	
1

	
62

	
32.6%




	
2

	
29

	
15.3%




	
Fibrosis




	
0

	
57

	
30%




	
1

	
108

	
56.8%




	
2

	
18

	
9.5%




	
3

	
7

	
3.7%




	
NAS




	
0

	
13

	
6.8%




	
1

	
11

	
5.8%




	
2

	
43

	
22.6%




	
3

	
34

	
17.9%




	
4

	
39

	
20.5%




	
5

	
23

	
12.6%




	
6

	
24

	
12.6%




	
7

	
3

	
1.6%








NAS = scoring system for non-alcoholic steatohepatitis.
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Table 4. Characteristics of the population according to the diagnosis of steatohepatitis.
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	Non-Steatohepatitis

(N 102)
	Steatohepatitis

(N 89)
	p





	Age, years
	12.9 (1.6)
	13.1 (1.8)
	0.40



	Sex, (F/M)
	57/45
	46/43
	0.79



	BMI, kg/sqm
	26.8 (4.2)
	28.3 (4.4)
	0.01



	WC, cm (IQR)
	85.9 (72–95)
	90 (80–99)
	0.02



	Uric acid, mg/dL
	5.4 (1.6)
	6 (1.4)
	0.01



	ALT, UI/L (IQR)
	49 (24–66)
	75 (39–90)
	0.001



	AST, UI/L (IQR)
	37 (25–45)
	50 (33–62)
	0.001



	GGT, UI/L (IQR)
	21 (13–24)
	30 (19–38)
	0.04



	Total-cholesterol, mg/dL (IQR)
	158 (93–175)
	161 (78–183)
	0.22



	HDL, mg/dL (IQR)
	44 (37–49)
	47 (35–48)
	0.70



	Triglycerides, mg/dL (IQR)
	100 (73–138)
	127 (74–146)
	0.04



	Glucose, mg/dL (IQR)
	80 (75–86)
	89 (76–96)
	0.03



	Insulin, μUI/ML (IQR)
	17 (10–24)
	24 (18–32)
	0.02



	HOMA-IR (IQR)
	3.5 (2.2–4.5)
	4.6 (3.2–6.2)
	0.001



	DBP, mmHg (IQR)
	65 (58–72)
	68 (61–75)
	0.08



	SBP, mmHg (IQR)
	110 (101–118)
	114 (103–121)
	0.31



	TNF-a, pg/mL
	44 (7.5–44)
	72 (12–72)
	0.02



	IL-6, pg/mL
	25 (22–35.5)
	35 (15–39)
	0.048



	GH, ng/mL (IQR)
	7.5 (6–8.2)
	5.4 (4–6.8)
	0.001



	IGF1, ng/mL(IQR)
	284 (208–345)
	245 (150–310)
	0.01



	IGFBP-3, µg/mL (IQR)
	2.6 (1.6–3.4)
	2 (1.4–2.8)
	0.02







BMI = Body Mass Index; WC = Waist Circumference; AST = aspartate aminotransferase; ALT = alanine aminotransferase; GGT = gamma-glutamyl transferase; HDL = High Density Lipoprotein; HOMA-IR = HOmeostasis Model Assessment-estimated Insulin Resistance; DBP = Diastolic Blood Pressure; SBP = Systolic Blood Pressure; GH = Growth Hormone; IGF1 = Insulin-like Growth Factor 1; IGFBP-3 = Insulin-like Growth Factor-Binding P Correlation of GH, IGF1 and IGFBP-3 with metabolic parameters and histology.
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Table 5. Logistic regression analysis of GH and IGF1.
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Logistic Regression Analysis *

	
Standardized

Beta Coefficients

	
SE

	
p Value






	
GH, ng/mL




	
Total Cholesterol

	
0.13

	
0.04

	
0.003




	
HDL-Cholesterol

	
−0.17

	
0.06

	
0.008




	
Triglycerides

	
−0.01

	
0.02

	
0.37




	
Glucose

	
1.7

	
0.02

	
0.002




	
Insulin

	
0.03

	
0.04

	
0.45




	
HOMA-IR

	
−0.33

	
0.2

	
0.09




	
Fibrosis

	
−2.3

	
0.31

	
0.001




	
Portal Inflammation

	
0.56

	
0.51

	
0.41




	
Lobular Inflammation

	
−0.36

	
0.34

	
0.28




	
TNF-a

	
−1.2

	
0.12

	
0.04




	
IGF1, ng/mL




	
Total Cholesterol

	
0.41

	
1.3

	
0.75




	
HDL-Cholesterol

	
0.68

	
1.97

	
0.72




	
Triglycerides

	
−0.07

	
0.35

	
0.83




	
Glucose

	
−0.69

	
0.71

	
0.32




	
Insulin

	
3.8

	
1.5

	
0.01




	
HOMA-IR

	
−2.7

	
1.7

	
0.001




	
Fibrosis

	
−2.8

	
1.1

	
0.001




	
Portal Inflammation

	
−1.3

	
1.7

	
0.09




	
Lobular Inflammation

	
−1.0

	
1.1

	
0.42




	
TNF-a

	
−0.78

	
0.34

	
0.25




	
IGFBP-3, µg/mL




	
Total Cholesterol

	
0.01

	
0.01

	
0.46




	
HDL-Cholesterol

	
−0.02

	
0.03

	
0.21




	
Triglycerides

	
0.01

	
0.04

	
0.69




	
Glucose

	
−0.01

	
0.07

	
0.16




	
Insulin

	
−0.02

	
0.016

	
0.94




	
HOMA-IR

	
−0.09

	
0.07

	
0.20




	
Fibrosis

	
−0.02

	
0.04

	
0.45




	
Portal Inflammation

	
0.41

	
0.54

	
0.35




	
Lobular Inflammation

	
−0.01

	
0.9

	
0.74




	
TNF-a

	
−0.11

	
0.02

	
0.85








* Adjusted for BMI, WC and gender. HDL = High Density Lipoprotein; HOMA-IR = HOmeostasis Model Assessment-estimated Insulin Resistance. The p values in bold are the significant ones.
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