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Case Report

The Unexpected Detection of Esophageal Varices Caused by
Liver Cirrhosis in a 47-Year-Old Man Treated with a Growth
Hormone in Childhood
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Abstract: Background: We report a rare case highlighting the progression of liver disease in a male
patient with idiopathic childhood-onset growth hormone (GH) deficiency. Case presentation: The
patient was diagnosed with hypopituitarism at six years old and was treated with thyroxine therapy
and GH for his short stature, with testosterone added at the age of 15. GH therapy was discontinued
when the patient was 18 years old, but thyroid and testosterone treatments continued. The patient
had been taking medication for hyperlipidemia until the age of 30 and was noted to have impaired
glucose tolerance at the age of 40, but HbAlc levels remained normal. At the age of 47, esophageal
varices were incidentally discovered via endoscopy, revealing liver cirrhosis. Laboratory tests showed
liver dysfunction and abnormal lipid levels, and hepatitis viral markers were absent. The patient had
no history of drinking alcohol or smoking, and no family history of diabetes. Results: Ultimately, this
case demonstrates that metabolic dysfunction-associated steatotic liver disease (MASLD/metabolic
dysfunction-associated steatohepatitis (MASH)) is under-recognized in GH deficiency cases and
can progress to liver cirrhosis. Conclusions: Therefore, careful evaluation of MASLD/MASH in
childhood-onset GH deficiency is necessary, and GH replacement therapy should continue into
adulthood, if possible.

Keywords: childhood; growth hormone deficiency (GHD); metabolic dysfunction-associated steatotic
liver disease (MASLD); metabolic dysfunction-associated steatohepatitis (MASH); esophagus varices

1. Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD) is defined by the
presence of steatosis in over 5% of hepatocytes associated with metabolic risk factors such
as obesity and type 2 diabetes, and with the absence of excessive alcohol consumption
and/or other chronic liver diseases. With the increasing prevalence of obesity, MASLD has
become a common cause of chronic liver disease [1]. MASLD is a disease on a spectrum
spanning from simple benign steatosis to metabolic dysfunction-associated steatohepatitis
(MASH) with fibrosis and scarring that can eventually lead to cirrhosis [2,3].

MASLD is highly prevalent and associated with significant adverse outcomes through
both liver-specific morbidity and mortality and, perhaps more importantly, adverse cardio-
vascular and metabolic outcomes. It is closely associated with type 2 diabetes and obesity,
and both conditions may progress to more advanced stages. The mechanisms that govern
hepatic lipid accumulation and the predisposition to inflammation and fibrosis are still not
fully understood but reflect a complex interplay between metabolic target tissues, including
adipose and skeletal muscle, and immune and inflammatory cells [2,3].
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While the association between MASLD and obesity has been well documented, en-
docrine disorders such as growth hormone (GH) deficiency, hypothyroidism, hypogo-
nadism, and polycystic ovarian syndrome are known in clinical practice to be associated
with MASLD [4,5].

In this study, we report a patient with idiopathic childhood-onset GH deficiency who
received GH to treat his short stature during childhood. The clinical course progression
of liver lesions (from MASLD to MASH) was unnoticed until the incidental discovery of
esophageal varices due to liver cirrhosis. This study aims to report the clinical course of a
patient and review the current knowledge on the pathophysiologic mechanisms of GH in
MASLD development.

2. Case Report

The patient was born via breech delivery and with asphyxia at 40 weeks of gestation
at a weight and height of 2320 g and 45 cm, respectively. He was delivered as a small-for-
gestational-age (SGA) infant (weight below the 10th percentile for his gestational age). At
six years of age, he was referred for treatment because of his short stature. At that time,
he was 95.0 cm in height (—3.5 SD on the growth chart for Japanese boys) and 16.0 kg in
weight (—1.7 SD). He had normal body proportions. Routine laboratory analysis ruled out
hematologic, liver, and renal diseases. An endocrinological examination showed extremely
low GH responses (<5 ng/mL) to provocation tests with insulin and arginine. Serum
somatomedin-C (insulin-like growth factor-I, IGF-I) could not be measured at the time as
no measurement method had been established.

The patient was diagnosed with hypopituitarism, presenting with deficiencies in
growth, thyroid-stimulating, luteinizing, and follicle-stimulating hormones. Pituitary-
extracted human GH (phGH) injections and oral thyroxine were subsequently started.

Intramuscular testosterone injections were started at the age of 15 to promote sec-
ondary sex characteristics (the patient’s final penile development stage was Tanner 3). GH
therapy was continued only until the age of 18 (in the year 1985), but thyroid hormone
administration and regular testosterone injections were continued thereafter. Regular blood
tests during GH therapy revealed no abnormalities in liver function or serum lipid levels.
His neurological and psychomotor developments were normal.

After the patient became an adult, he had to move for work and received follow-up
treatments at another hospital. He lived a normal daily life without any notable problems.
From the age of 30, he received drug treatment for hypertriglyceridemia. Impaired glucose
tolerance was noted at 40 years of age, but glycated hemoglobin (HbAlc) levels remained
at 4.9-5.6% (normal, <5.2%) with sufficient exercise and diet therapies.

At age 47, the patient experienced stomach discomfort and underwent upper gastroin-
testinal endoscopy, which incidentally revealed esophageal varices (Figure 1). There was
no relationship between the stomach discomfort and the esophageal varices. His height
was 155.2 cm (—2.5 SD) and his weight 72.2 kg (body mass index: 29.9 kg/m?). The patient
was not married and worked as a computer engineer. He had no family history of diabetes
mellitus and no history of a drinking or smoking habit. In a physical examination, there
were no cutaneous changes indicating extrahepatic manifestations of palmar erythema or
spider angioma. Moreover, dilated superficial abdominal vein and hepatosple nomegaly
were not observed at that time.

The laboratory findings showed the following measurements: 4940/ puL of WBC (neu-
tro: 62.0%; lymph: 26.9%; mono: 7.7%; eosino: 2.8%; and baso: 0.6%), 16.8 g/dL of
Hb, platelets of 12.7 x 104/ uL, prothrombin activity of 65% (normal levels: 80-120%),
47 TU/L of AST (normal levels: 10-35 IU/L), 25 IU/L of ALT (5-35IU/L), 151 IU/L of
v-GTP (10-50 U/L), 304 IU/L of LDH (124-220 IU/L), 231 IU/L of ChE (210-550 IU/L),
1.3 mg/dL of total bilirubin, 0.6 mg/dL of direct bilirubin, 3.3 g/dL of albumin (3.8-5.3 g/dL),
67 nug/dL of ammonia (12-66 pg/dL), 14 umol/L of total bile acids (<10 pmol /L), 140 mg/dL
of LDL-cholesterol (65-139 mg/dL), 26 mg/dL of HDL-cholesterol (>40 mg/dL), and
126 mg/dL of triglyceride (30~140 mg/dL). An endocrinological examination revealed
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4 ng/dL of IGF-I (90-250 ng/dL), 1.09 ng/dL of free thyroxine at 5.4% HbAlc (0.7-1.48 ng/dL),
and 236 ng/dL of testosterone (264-916 ng/dL). No hepatitis virus markers were detected,
including hepatitis B and C. The antinuclear antibody titer x40 (<1:80) test for liver fibrosis
yielded the following measurements: 125 ng/mL of hyaluronic acid (normal levels < 50),
an APRI of 1.06 (cut-off value of 0.7), and a Fib-4 index of 3.48 (cut-off value of 2.04).

Figure 1. Upper gastrointestinal endoscopy showing esophageal varices in the lower esophagus
(arrows). Varicose veins have the same color as normal esophageal mucosa. Bleeding or redness on
the surface was not recognized. Judged to be grade 1.

Abdominal ultrasound showed a liver contour with an irregular appearance, consistent
with the findings of liver cirrhosis (Figure 2A). The spleen was enlarged, and ascites were
absent (Figure 2B). Esophageal varices were thought to be due to portal hypertension. A
liver biopsy was not performed because of its associated invasive risks.

FIEELS R16.0 G60 D66 A2
10ist: 129mm SDist: 65mn

FIEELZ R16.0 G60 D66 A2

Figure 2. Abdominal ultrasound showing a liver contour with an irregular appearance (A). The
spleen was enlarged, and ascites were absent (B).
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3. Discussion

In this case, Wilson's disease and noncirrhotic portal hypertension (NCPH), which can
cause liver cirrhosis from childhood, were ruled out based on the current medical history
and clinical test data.

GH and IGF-1 are crucial for linear growth during childhood and for maintaining
significant metabolic functions throughout adulthood [6]. In this case, hypopituitarism,
primarily characterized by GH deficiency, was attributed to pituitary stalk interruption due
to a birth injury, although this was not confirmed via brain magnetic resonance imaging [7].
In instances of pituitary stalk interruption, T1-weighted MR imaging can reveal the absence
of a pituitary stalk and the presence of an ectopic lobe [8].

The patient commenced GH replacement therapy at age six. Despite this, his final
height, measured at —2.5 SD as an adult male, was suboptimal, primarily due to the limited
availability of recombinant human growth hormone (hGH) before 1988 [9].

GH and IGF-I are vital for growth in childhood and have important metabolic roles in
adults. Adult GH deficiency (AGHD) is associated with increased visceral fat, dyslipidemia,
premature atherosclerosis, reduced quality of life, and elevated mortality [10]. Cardio-
vascular disease, cerebrovascular disease, and malignancy are significant contributors to
premature mortality in AGHD patients [10,11].

Recent case studies and clinical research indicate a correlation between AGHD and
a heightened prevalence of MASLD, with progression to MASH or cirrhosis [5,12,13].
MASH diagnosis relies on liver biopsy histology, which shows steatosis, inflammatory cell
infiltration, hepatocyte ballooning, and fibrosis, potentially advancing to cirrhosis and hepa-
tocellular carcinoma, resulting in a poor prognosis [14,15]. Risk factors for MASLD/MASH
include obesity, metabolic syndrome, type 2 diabetes, dyslipidemia, and particularly insulin
resistance [12,13].

3.1. GH and IGF-1

The liver is a significant target organ for GH. Initially, the somatomedin hypothe-
sis suggested that the liver was merely an organ secreting IGF-I1 [16]. Recent evidence
highlights the crucial roles of both GH and IGF-I in the liver, particularly in adults. GH
serves as a major metabolic hormone, optimizing body composition and regulating energy
and substrate metabolism. It enhances fat metabolism by promoting lipolysis and fatty
acid oxidation, indirectly activating hormone-sensitive lipase via 3-adrenergic stimula-
tion. GH also boosts low-density lipoprotein (LDL) clearance by increasing hepatic LDL
receptor expression [17]. GH affects glucose metabolism directly and by counteracting
insulin action and suppressing glucose oxidation and utilization while increasing hepatic
glucose production [18]. In protein metabolism, GH reduces urea synthesis, blood urea
concentration, and urinary urea excretion while lowering protein oxidation and stimulating
protein synthesis; its effects are mainly mediated via IGF-I, though direct GH actions are
also recommended [19]. Conversely, IGF-I enhances glucose sensitivity through direct
and indirect mechanisms, including the feedback inhibition of GH secretion [20-22]. IGF-1
strongly promotes protein synthesis and inhibits protein breakdown [23]. Generally, GH
and IGF-I work synergistically across various tissues, except for IGF-I's insulin-like actions
(Figure 3).
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Figure 3. GH and IGF-I actions in the liver. GH improves triglyceride accumulation in hepatocytes,
while IGF-I reduces oxidative stress, enhances mitochondrial function, and may prevent fibrosis
progression. The figure is adapted from reference [12] (NASH has been renamed as MASH in 2023).

3.2. GH Action in the Liver

GH locally generates IGF-I for autocrine and paracrine effects [24], but circulating
IGF-I predominantly originates from hepatocytes [25,26]. Liver-specific GH receptor dele-
tion (GHRLD) in mice led to significantly reduced serum IGF-I levels, with GHRLD mice
displaying normal linear growth but reduced bone density like liver-specific IGF-I deficient
mice [25]. Notably, GHRLD mice exhibited insulin resistance, glucose intolerance, elevated
free fatty acids, decreased triglyceride efflux, and severe steatosis, underscoring the impor-
tance of GH signaling in the liver. In humans, GH receptor loss-of-function mutations (e.g.,
Laron syndrome) also manifest as MASLD, with chronic IGF-I replacement not affecting
MASLD status, suggesting GH’s direct role in preventing steatosis in hepatocytes [27]
(Figure 3).

3.3. IGF-I Action in the Liver

Patients with chronic liver disease and malnutrition show reduced free IGF-I levels
despite normal or elevated GH secretion, given that the liver is the primary source of
serum IGF-I, as evidenced by GHRLD mice [28]. However, IGF-I does not directly impact
hepatocyte function as hepatocytes have few IGF-I receptors under normal conditions [29].
The literature indicates that IGF-IR plays a crucial role in the liver [30]. Nishizawa et al. [31]
demonstrated that GH-deficient dwarf rats exhibit MASH, which is reversed via IGF-I and
GH administration. IGF-I's effects on the liver may involve mechanisms, such as improved
insulin sensitivity, as IGF-I deletion from the liver results in insulin resistance [32], sug-
gesting that increased levels of circulating IGF-I can alleviate MASH partly by enhancing
insulin sensitivity. Additionally, IGF-I's anabolic effects on muscle protein metabolism
are beneficial in chronic liver disease. GH-deficient rats showed impaired mitochondrial
morphology, with IGF-I reversing these abnormalities [30]. IGF-I also mitigates oxidative
stress and improves mitochondrial function, as IGF-I administration reduces oxidative
mitochondrial damage, corrects mitochondrial function impairments, and decreases cas-
pase activities [32]. Consistent with these findings, IGF-I administration improved liver
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dysfunction and fibrosis in a rat cirrhosis model and mitochondrial function in aging
rats [33].

In humans, MASLD correlates with low circulating IGF-I levels [34,35], with IL-6
and IGF-I serving as independent prognostic factors for liver steatosis and MASH in
morbidly obese patients [36]. Hyaluronic acid levels, a fibrotic marker, negatively correlate
with IGF-I and the IGF-1/IGFBP-3 ratio in patients with MASLD [37]. While GH has
a direct role in hepatocytes regarding anti-steatosis and gene expression [37-39], these
findings suggest that IGF-I exerts GH-independent effects in the liver through various
mechanisms [12,13]. Collectively, GH and IGF-I are crucial in liver function, influencing
hepatocytes, macrophages, and hepatic stellate cells to counteract steatosis and fibrosis
progression (Figure 3).

3.4. SGA Impact on MASLD Development

The patient was born at full term but had a low birth weight of 2320 g and was an
SGA infant. Ibanez et al. [40] found that SGA children between the ages of two and six
years gained more total and abdominal fat and had greater increases in insulin, IGF-I,
and neutrophil-to-lymphocyte ratio, compared to appropriate-for-gestational-age (AGA)
children. At six years old, the average amount of visceral fat in SGA children was >50%
higher than that in AGA children.

Soto et al. [41] found that the fasting insulin concentration in one-year-old babies was
significantly higher in SGA infants with catch-up growth than in those without catch-up
growth and AGA infants. These data indicate that pathophysiological mechanisms linking
prenatal growth and postnatal sensitivity to insulin are present at as early as one year
old [42].

A case report published in 1997 noted improvements in fatty liver associated with
panhypopituitarism after GH administration in full-term but low-birth-weight infants,
suggesting that fatty liver is at least partly attributable to GH deficiency [43]. Persons with
low birth weights or who were thin at birth have a high prevalence of insulin resistance or
metabolic syndrome, with the co-existence of glucose intolerance, hypertension, and hyper-
triglyceridemia. Several recent studies suggested that insulin resistance could lead to other
metabolic disorders in children, adolescents, and adults born as SGA infants, including
type 2 diabetes, dyslipidemia, and MASLD. Therefore, SGA birth is thought to be a risk
factor for MASLD [44-49]. Ultimately, it is thought that progression to MASLD/MASH
may begin in childhood for children born as SGA infants if they have GH deficiency.

3.5. Adult GH Deficiency (AGHD)

In this case, the patient required continued GH injections into adulthood, but GH
therapy under health insurance for AGHD was only approved in Japan in 2009 (when the
patient was 42 years old). In 2004, clinical trials in Japanese patients with AGHD confirmed
that GH administration improves body composition and serum cholesterol profiles [50].

4. Conclusions

Accumulating evidence clearly demonstrates that MASLD /MASH presents critical
complications of both adult and childhood GH deficiency, which can worsen an individual’s
prognosis. This case emphasizes the importance of continuous GH supplementation from
childhood to adulthood in a patient with childhood-onset GH deficiency.

Author Contributions: O.A. was responsible for the patient’s growth hormone (GH) treatment from
the age of 6 years and continued to observe him until adulthood, as well as being the first author
of the manuscript; S.K. primarily handled the discussion section of the case report. G.I. revised
the introduction and discussion of this case and created Figure 3. ].N. contributed to the literature
review on the mechanisms involved in the case and documented the progress of the case report.
T.A. performed the diagnosis of hepatic cirrhosis and was responsible for the examination and
commentary on the endoscopic images in Figures 1 and 2. S.A. managed the patient’s care during



Diseases 2024, 12, 251 7of9

adulthood and authored the latter part of the clinical course. All authors have read and agreed to the
published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper.

Data Availability Statement: Data is contained within the article.

Acknowledgments: The authors would like to thank the staff of the Department of Pediatrics and
Gastroenterology, Dokkyo Medical University.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Powell, E.E.; Wong, V.W.; Rinella, M. Non-alcoholic fatty liver disease. Lancet 2021, 397, 2212-2224. [CrossRef] [PubMed]

2. Marjot, T.; Moolla, A.; Cobbold, J.F; Hodson, L.; Tomlinson, ].W. Nonalcoholic fatty liver disease in adults: Current concepts in
etiology, outcomes, and management. Endocr. Rev. 2020, 41, bnz009. [CrossRef] [PubMed]

3. Spiezia, C.; Di Rosa, C.; Fintini, D.; Ferrara, P.; De Gara, L.; Khazrai, Y.M. Nutritional Approaches in Children with Overweight or
Obesity and Hepatic Steatosis. Nutrients 2023, 15, 2435. [CrossRef] [PubMed]

4. Wang, T.; Yang, W.; Karakas, S.; Sarkar, S. NASH in nondiabetic endocrine disorders. Metab. Syndr. Relat. Disord. 2018, 16, 315-320.
[CrossRef]

5. Doycheva, I.; Erickson, D.; Watt, K.D. Growth hormone deficiency and NAFLD: An overlooked and underrecognized link.
Hepatol. Commun. 2022, 6, 2227-2237. [CrossRef]

6.  Johannsson, G.; Bengtsson, B.A. Growth hormone and the metabolic syndrome. J. Endocrinol. Investig. 1999, 22 (Suppl. S5), 41-46.

7.  Hanew, K; Tachibana, K.; Yokoya, S.; Fujieda, K.; Tanaka, T.; Igarashi, Y.; Shimatsu, A.; Tanaka, H.; Tanizawa, T.; Teramoto, A;
et al. Clinical characteristics, etiologies and pathophysiology of patients with severe short stature with severe GH deficiency:
Questionnaire study on the data registered with the foundation for growth science, Japan. Endocr. J. 2006, 53, 259-265. [CrossRef]

8.  Fujisawa, I.; Kikuchi, K.; Nishimura, K.; Togashi, K.; Itoh, K.; Noma, S.; Minami, S.; Sagoh, T.; Hiraoka, T.; Momoi, T.; et al.
Transection of the pituitary stalk: Development of an ectopic posterior lobe assessed with MR imaging. Radiology 1987, 165,
487-489. [CrossRef]

9. Laron, Z. Growth hormone therapy: Emerging dilemmas. Pediatr. Endocrinol. Rev. 2011, 8, 364-373.

10. Molitch, M.E.; Clemmons, D.R.; Malozowski, S.; Merriam, G.R.; Vance, M.L. Evaluation and Treatment of Adult Growth Hormone
Deficiency: An Endocrine Society Clinical Practice Guideline. . Clin. Endocrinol. Metab. 2011, 96, 1587-1609. [CrossRef]

11.  Boguszewski, C.L. Boguszewski MCDS: Growth hormone’s links to cancer. Endocr. Rev. 2019, 40, 558-574. [CrossRef] [PubMed]

12. Takahashi, Y. Essential roles of growth hormone (GH) and insulin-like growth factor-I (IGF-I) in the liver. Endocr. |. 2012, 59,
955-962. [CrossRef] [PubMed]

13. Takahashi, Y. Nonalcoholic fatty liver disease and adult growth hormone deficiency: An under-recognized association? Best Pract.
Res. Clin. Endocrinol. Metab. 2023, 37, 101816. [CrossRef]

14. Adams, L.A,; Talwalkar, J.A. Diagnostic evaluation of nonalcoholic fatty liver disease. J. Clin. Gastroenterol. 2006, 40 (Suppl. S1),
S34-538.

15.  Yasui, K.; Hashimoto, E.; Tokushige, K.; Koike, K.; Shima, T.; Kanbara, Y.; Saibara, T.; Uto, H.; Takami, S.; Kawanaka, M.; et al.
Clinical and pathological progression of non-alcoholic steatohepatitis to hepatocellular carcinoma. Hepatol. Res. 2012, 42, 767-773.
[CrossRef]

16. Le Roith, D.; Bondy, C.; Yakar, S.; Liu, J.L.; Butler, A. The somatomedin hypothesis: 2001. Endocr. Rev. 2001, 22, 53-74. [CrossRef]

17.  Rudling, M.; Norstedt, G.; Olivecrona, H.; Reihner, E.; Gustafsson, J.A.; Angelin, B. Importance of growth hormone for the
induction of hepatic low density lipoprotein receptors. Proc. Natl. Acad. Sci. USA 1992, 89, 6983-6987. [CrossRef]

18.  Moller, N.; Jorgensen, J.O. Effects of growth hor- mone on glucose, lipid, and protein metabolism in human subjects. Endocr. Rev.
2009, 30, 152-177. [CrossRef] [PubMed]

19. Fryburg, D.A,; Barrett, E.J. Growth hormone acutely stimulates skeletal muscle but not whole-body protein synthesis in humans.
Metabolism 1993, 42, 1223-1227. [CrossRef]

20. Holt, R.IL; Simpson, H.L.; Sonksen, P.H. The role of the growth hormone-insulin-like growth factor axis in glucose homeostasis.
Diabet. Med. 2003, 20, 3-15. [CrossRef]

21. Simpson, H.L.; Jackson, N.C.; Shojaee-Moradie, F; Jones, R.H.; Russell-Jones, D.L.; Sonksen, PH.; Dunger, D.B.; Umpleby, A.M.
Insulin-like growth factor I has a direct effect on glucose and protein metabolism, but no effect on lipid metabolism in type 1
diabetes. . Clin. Endocrinol. Metab. 2004, 89, 425-432. [CrossRef] [PubMed]

22.  Yakar, S; Setser, J.; Zhao, H.; Stannard, B.; Haluzik, M.; Glatt, V.; Bouxsein, M.L.; Kopchick, J.J.; LeRoith, D. Inhibition of growth

hormone action improves insulin sensitivity in liver IGF-1-deficient mice. J. Clin. Investig. 2004, 113, 96-105. [CrossRef]


https://doi.org/10.1016/S0140-6736(20)32511-3
https://www.ncbi.nlm.nih.gov/pubmed/33894145
https://doi.org/10.1210/endrev/bnz009
https://www.ncbi.nlm.nih.gov/pubmed/31629366
https://doi.org/10.3390/nu15112435
https://www.ncbi.nlm.nih.gov/pubmed/37299398
https://doi.org/10.1089/met.2018.0044
https://doi.org/10.1002/hep4.1953
https://doi.org/10.1507/endocrj.53.259
https://doi.org/10.1148/radiology.165.2.3659371
https://doi.org/10.1210/jc.2011-0179
https://doi.org/10.1210/er.2018-00166
https://www.ncbi.nlm.nih.gov/pubmed/30500870
https://doi.org/10.1507/endocrj.EJ12-0322
https://www.ncbi.nlm.nih.gov/pubmed/22986486
https://doi.org/10.1016/j.beem.2023.101816
https://doi.org/10.1111/j.1872-034X.2012.00986.x
https://doi.org/10.1210/edrv.22.1.0419
https://doi.org/10.1073/pnas.89.15.6983
https://doi.org/10.1210/er.2008-0027
https://www.ncbi.nlm.nih.gov/pubmed/19240267
https://doi.org/10.1016/0026-0495(93)90285-V
https://doi.org/10.1046/j.1464-5491.2003.00827.x
https://doi.org/10.1210/jc.2003-031274
https://www.ncbi.nlm.nih.gov/pubmed/14715881
https://doi.org/10.1172/JCI200417763

Diseases 2024, 12, 251 80f9

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Clemmons, D.R. Role of IGF-I in skeletal muscle mass maintenance. Trends Endocrinol. Metab. 2009, 20, 349-356. [CrossRef]
[PubMed]

Liu, J.L.; Yakar, S.; LeRoith, D. Conditional knock- out of mouse insulin-like growth factor-1 gene using the Cre/loxP system.
Proc. Soc. Exp. Biol. Med. 2000, 223, 344-351.

Yakar, S.; Rosen, C.J.; Beamer, W.G.; Ackert-Bicknell, C.L.; Wu, Y;; Liu, J.L.; Ooi, G.T.; Setser, J.; Frystyk, J.; Boisclair, Y.R.; et al.
Circulating levels of IGF-1 directly regulate bone growth and density. J. Clin. Investig. 2002, 110, 771-781. [CrossRef] [PubMed]
Yakar, S.; Liu, J.L.; Stannard, B.; Butler, A.; Accili, D.; Sauer, B.; LeRoith, D. Normal growth and development in the absence of
hepatic insulin-like growth factor, I. Proc. Natl. Acad. Sci. USA 1999, 96, 7324-7329. [CrossRef] [PubMed]

Laron, Z.; Ginsberg, S.; Webb, M. Nonalcoholic fatty liver in patients with Laron syndrome and GH gene deletion—Preliminary
report. Growth Horm. IGF Res. 2008, 18, 434—438. [CrossRef]

Donaghy, A.; Ross, R.; Gimson, A.; Hughes, S.C.; Holly, J.; Williams, R. Growth hormone, insulin-like growth factor-1, and insulin
like growth factor binding proteins 1 and 3 in chronic liver disease. Hepatology 1995, 21, 680—-688.

Caro, J.F; Poulos, J.; Ittoop, O.; Pories, W.J.; Flickinger, E.G.; Sinha, M.K. Insulin-like growth factor I binding in hepatocytes from
human liver, human hepatoma, and normal, regenerating, and fetal rat liver. J. Clin. Investig. 1988, 81, 976-981. [CrossRef]
Smith, BW.; Adams, L.A. Non-alcoholic fatty liver disease. Crit. Rev. Clin. Lab. Sci. 2011, 48, 97-113. [CrossRef]

Nishizawa, H.; Takahashi, M.; Fukuoka, H.; Iguchi, G.; Kitazawa, R.; Takahashi, Y. GH-independent IGF-I action is essential to
prevent the development of non- alcoholic steatohepatitis in a GH-deficient rat model. Biochem. Biophys. Res. Commun. 2012, 423,
295-300. [CrossRef] [PubMed]

Puche, ].E.; Garcia-Fernandez, M.; Muntane, J.; Rioja, J.; Gonzalez-Baron, S.; Castilla Cortazar, I. Low doses of insulin-like growth
factor-I induce mitochondrial protection in aging rats. Endocrinology 2008, 149, 2620-2627. [CrossRef] [PubMed]

Perez, R.; Garcia-Fernandez, M.; Diaz-Sanchez, M.; Puche, ].E.; Delgado, G.; Conchillo, M.; Muntane, J.; Castilla-Cortazar, L.
Mitochondrial protection by low doses of insulin-like growth factor- I in experimental cirrhosis. World ]. Gastroenterol. 2008, 14,
2731-2739. [CrossRef] [PubMed]

Arturi, E; Succurro, E.; Procopio, C.; Pedace, E.; Mannino, G.C.; Lugara, M.; Procopio, T.; Andreozzi, F; Sciacqua, A.; Hribal, M.L,;
et al. Nonalcoholic fatty liver disease is associated with low circulating levels of insulin-like growth factor-I. J. Clin. Endocrinol.
Metab. 2011, 96, E1640-E1644. [CrossRef] [PubMed]

Volzke, H.; Nauck, M.; Rettig, R.; Dorr, M.; Higham, C.; Brabant, G.; Wallaschofski, H. Association between hepatic steatosis and
serum IGF1 and IGFBP-3 levels in a population-based sample. Eur. J. Endocrinol. 2009, 161, 705-713. [CrossRef] [PubMed]
Garcia-Galiano, D.; Sanchez-Garrido, M.A.; Espejo, I.; Montero, J.L.; Costan, G.; Marchal, T.; Membrives, A.; Gallardo-Valverde,
J.M.; Munoz-Castaneda, J.R.; Arevalo, E.; et al. IL-6 and IGF-1 are independent prognostic factors of liver steatosis and
non-alcoholic steatohepatitis in morbidly obese patients. Obes. Surg. 2007, 17, 493-503. [CrossRef]

Ichikawa, T.; Nakao, K.; Hamasaki, K.; Furukawa, R.; Tsuruta, S.; Ueda, Y.; Taura, N.; Shibata, H.; Fujimoto, M.; Toriyama, K;
et al. Role of growth hormone, insulin-like growth factor 1 and insulin-like growth fac- tor-binding protein 3 in development of
non-alcoholic fatty liver disease. Hepatol. Int. 2007, 1, 287-294. [CrossRef]

Fan, Y.; Menon, RK.; Cohen, P; Hwang, D.; Clemens, T.; DiGirolamo, D.J.; Kopchick, ].J.; Le Roith, D.; Trucco, M.; Sperling,
M.A. Liver-specific deletion of the growth hormone receptor reveals essential role of growth hormone signaling in hepatic lipid
metabolism. J. Biol. Chem. 2009, 284, 19937-19944. [CrossRef]

Tateno, C.; Kataoka, M.; Utoh, R.; Tachibana, A.; Itamoto, T.; Asahara, T.; Miya, E; Tsunoda, T.; Yoshizato, K. Growth hormone-
dependent pathogenesis of human hepatic steatosis in a novel mouse model bearing a human hepatocyte-repopulated liver.
Endocrinology 2011, 152, 1479-1491. [CrossRef]

Ibafiez, L.; Lopez-Bermejo, A.; Diaz, M.; Marcos, M.V.; Casano, P.; de Zegher, F. Abdominal fat partitioning and high-molecular-
weight adiponectin in short children born small for gestational age. J. Clin. Endocrinol. Metab. 2009, 94, 1049-1052. [CrossRef]
Soto, N.; Bazaes, R.A.; Pena, V,; Salazar, T.; Avila, A.; Ifiguez, G.; Ong, K.K.; Dunger, D.B.; Mericq, M. V. Insulin sensitivity and
secretion are related to catch-up growth in small-for-gestational-age infants at age 1 year: Results from a prospective cohort. J.
Clin. Endocrinol. Metab. 2003, 88, 3645-3650. [CrossRef] [PubMed]

Arisaka, O.; Ichikawa, G.; Koyama, S.; Sairenchi, T. Childhood obesity: Rapid weight gain in early childhood and subsequent
cardiometabolic risk. Clin. Pediatr. Endocrinol. 2020, 29, 135-142. [CrossRef] [PubMed]

Takano, S.; Kanzaki, S.; Sato, M.; Kubo, T.; Seino, Y. Effect of growth hormone on fatty liver in panhypopituitarism. Arch. Dis.
Child. 1997, 76, 537-538. [CrossRef] [PubMed]

Alisi, A.; Panera, N.; Agostoni, C.; Nobili, V. Intrauterine growth retardation and nonalcoholic Fatty liver disease in children. Int.
J. Endocrinol. 2011, 2011, 269853. [CrossRef] [PubMed]

Faienza, M.F,; Brunetti, G.; Ventura, A.; D’Aniello, M.; Pepe, T.; Giordano, P.; Monteduro, M.; Cavallo, L. Nonalcoholic fatty liver
disease in prepubertal children born small for gestational age: Influence of rapid weight catch-up growth. Horm. Res. Paediatr.
2013, 79, 103-109. [CrossRef]

Bugianesi, E.; Bizzarri, C.; Rosso, C.; Mosca, A.; Panera, N.; Veraldi, S.; Nobilli, V. Low birthweight increases the likelihood of
severe 190 steatosis in pediatric non-alcoholic fatty liver disease. Am. J. Gastroenterol. 2017, 112, 1277-1286. [CrossRef]
Morrison, J.L.; Duffield, J.A.; Muhlhausler, B.S.; Gentili, S.; McMillen, 1.C. Fetal growth restriction, catch-up growth and the early
origins of insulin resistance and visceral obesity. Pediatr. Nephrol. 2010, 25, 669-677. [CrossRef]


https://doi.org/10.1016/j.tem.2009.04.002
https://www.ncbi.nlm.nih.gov/pubmed/19729319
https://doi.org/10.1172/JCI0215463
https://www.ncbi.nlm.nih.gov/pubmed/12235108
https://doi.org/10.1073/pnas.96.13.7324
https://www.ncbi.nlm.nih.gov/pubmed/10377413
https://doi.org/10.1016/j.ghir.2008.03.003
https://doi.org/10.1172/JCI113451
https://doi.org/10.3109/10408363.2011.596521
https://doi.org/10.1016/j.bbrc.2012.05.115
https://www.ncbi.nlm.nih.gov/pubmed/22659415
https://doi.org/10.1210/en.2007-1563
https://www.ncbi.nlm.nih.gov/pubmed/18276748
https://doi.org/10.3748/wjg.14.2731
https://www.ncbi.nlm.nih.gov/pubmed/18461658
https://doi.org/10.1210/jc.2011-1227
https://www.ncbi.nlm.nih.gov/pubmed/21816784
https://doi.org/10.1530/EJE-09-0374
https://www.ncbi.nlm.nih.gov/pubmed/19690083
https://doi.org/10.1007/s11695-007-9087-1
https://doi.org/10.1007/s12072-007-9007-4
https://doi.org/10.1074/jbc.M109.014308
https://doi.org/10.1210/en.2010-0953
https://doi.org/10.1210/jc.2008-2176
https://doi.org/10.1210/jc.2002-030031
https://www.ncbi.nlm.nih.gov/pubmed/12915649
https://doi.org/10.1297/cpe.29.135
https://www.ncbi.nlm.nih.gov/pubmed/33088012
https://doi.org/10.1136/adc.76.6.537
https://www.ncbi.nlm.nih.gov/pubmed/9245856
https://doi.org/10.1155/2011/269853
https://www.ncbi.nlm.nih.gov/pubmed/22190925
https://doi.org/10.1159/000347217
https://doi.org/10.1038/ajg.2017.140
https://doi.org/10.1007/s00467-009-1407-3

Diseases 2024, 12, 251 90f9

48. Nobili, V,; Alisi, A.; Panera, N.; Agostoni, C. Low birth weight and catch-up-growth associated with metabolic syndrome: A ten
year systematic review. Pediatr. Endocrinol. Rev. 2008, 6, 241-247.

49. Arisaka, O.; Ichikawa, G.; Nakayama, K.; Koyama, S.; Sairenchi, T. Low Birth Weight, Weight Gain Trajectory in Infancy, Adiposity
Rebound, and Risk of Adult Coronary Heart Disease. ]. Pediatr. 2023, 255, 261-262. [CrossRef]

50. Chihara, K.; Koledova, E.; Shimatsu, A.; Kato, Y.; Kohno, H.; Tanaka, T.; Teramoto, A.; Bates, P.C.; Attanasio, A.F. An individualized
GH dose regimen for long-term GH treatment in Japanese patients with adult GH deficiency. Eur. J. Endocrinol. 2005, 153, 57-65.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jpeds.2022.12.013
https://doi.org/10.1530/eje.1.01936

	Introduction 
	Case Report 
	Discussion 
	GH and IGF-1 
	GH Action in the Liver 
	IGF-I Action in the Liver 
	SGA Impact on MASLD Development 
	Adult GH Deficiency (AGHD) 

	Conclusions 
	References

