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Abstract

Growth hormone deficiency (GHD) is associated with insulin resistance, visceral obesity,
type 2 diabetes, dyslipidemia, and NAFLD. The diagnosis of GHD should be suspected in
all patients with hypothalamic-pituitary axis disorders. If GHD is not adequately treated
before or after transplantation, the presence of NAFLD can lead to rapid progression of
NASH to cirrhosis. Future research should focus on developing early detection strategies
as well as biochemical and imaging techniques to monitor patients with PG for progression
of NAFLD and NASH. Randomized controlled trials should evaluate optimal treatment
strategies in this cohort and balance the effects on NAFLD, glucose metabolism, and
diabetes risk, as well as the long-term effects on fibrosis and cancer risk. The potential of
GH therapy in patients with NAFLD without GH deficiency needs to be further studied with
long-term follow-up. It is important to note that the standard treatment for these patients
should be a multidisciplinary approach with close collaboration between hepatologists and
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Introduction Etiology of the association between HHD and NAFLD

Prevalence of the association of GHD and NAFLD

The first case showing an association between growth hormone
deficiency (GHD) and nonalcoholic fatty liver disease (NAFLD)
was reported in 1997 in an adolescent boy with undiagnosed
panhypopituitarism. An important role for GH in the development
of NAFLD was suggested in a small study of 18 patients with
hypopituitarism. A small study of 18 patients with hypopituitarism
found; the prevalence of NAFLD/NASH was 2.3% (21 of 879 patients
with hypopituitarism), estimated from imaging lipidosis plus elevated
transaminases or liver biopsy.! The median time to diagnosis of
NASH was The disease developed 3 years after diagnosis; At the time
of NAFLD diagnosis, almost all patients had a BMI consistent with
overweight or obesity, and half of the patients had type 2 diabetes. A
number of other studies have compared the prevalence of NAFLD
in patients with GDM (treated and untreated) and controls. [The
prevalence of NAFLD by imaging or liver biopsy ranged from 29%
to 77% compared with 12% to 50% in the control group, adjusting
for age and BMI. The main limitations of these studies are the small
number of patients included and different methods for diagnosing
NAFLD. Two studies in which NAFLD was determined using
abdominal ultrasound showed a significantly higher prevalence of
NAFLD compared with age- and sex-matched controls,** while two
other studies using magnetic resonance spectroscopy (MRS) ) did not
confirm this conclusion.**

In all reports in the literature of patients with panhypopituitarism,
the underlying mechanism for the development of NASH and
fibrosis is likely to be untreated growth hormone deficiency rather
than deficiency of other pituitary hormones. In support of this
theory, in one report, hepatic lipidosis and elevated transaminases
resolved only after initiation of growth hormone replacement therapy.
Further supporting this theory is a young man who underwent liver
transplantation for cirrhosis caused by growth hormone deficiency
and developed NASH with fibrosis at an early stage. A case of
recurrent NASH with fibrosis. Low-dose growth hormone therapy
was ineffective in this case; decreased basal and stimulated growth
hormone secretion was observed in obesity, especially severe visceral
fat obesity; moreover, in a large cohort of 7,000 healthy Asians,
NASH was associated with decreased growth hormone levels. The
prevalence of metabolic syndrome and all its components, as well
as NAFLD, was inversely associated with growth hormone levels.
In NAFLD patients without diabetes, decreased IGF-1 levels were
observed.® A possible pathological mechanism is that hepatic insulin
resistance due to hepatic GHR overload suppresses insulin-induced
hepatic GHR expression. Additionally, in patients with biopsy-proven
NASH, lower growth hormone levels were associated with more
severe lipidosis, and lower IGF-1 and IGF-1/IGFBP-3 levels were
associated with fibrosis’ and histological features of NASH.® These
associations were significant even after controlling for age, BMI,
presence of diabetes, and cirrhosis; in patients with chronic hepatitis
C, levels of GH, IGF-1 and IGFBP-3 were lower than in NAFLD.’

©2024 Khudaybergenov et al. This is an open access article distributed under the terms of the Creative Commons Attribution

18

License, which permits unrestricted use, distribution, and build upon your work non-commercially.


https://crossmark.crossref.org/dialog/?doi=10.15406/mojbm.2024.09.00211&domain=pdf

Issues of prevalence, pathogenesis, clinical features, diagnosis and treatment of the associated course of
non-alcoholic fatty liver disease and diagnosis of growth hormone deficiency: Brief overview of articles

Clinical features associations of GHD and NAFLD

Patients with GHD experience nonspecific signs and symptoms
such as fatigue, muscle weakness, increased visceral fat, dyslipidemia,
metabolic syndrome, NASH, early atherosclerosis, and decreased
quality of life. Some patients with damage to the hypothalamus develop
hypothalamic lateral obesity with rapid weight gain.'” The spectrum
of GH deficiency ranges from mild to severe cases, and measurement
of IGF-1 levels can be used as a screening method, but follow-up
endocrine testing is often required to diagnose GH deficiency."
Random serum IGF-1 level is useful as an initial test but cannot be
used for diagnosis alone; If the IGF-1 level is below normal (0 SD
score or less), the patient should be referred to an endocrinologist
for a growth hormone stimulation test (insulin stress test, glucagon
test, or maccimorelin test) must be carried out). These tests should
be performed after optimal correction of all other pituitary hormone
deficiencies. In rare cases, if the patient is deficient in the other three
pituitary hormones and has subnormal IGF-1 levels, dynamic GHD
testing is not required. Associated pituitary abnormalities in patients
with GHD include secondary hypothyroidism, secondary adrenal
insufficiency, hypogonadotropic hypogonadism, and low prolactin
levels are among the most common. These conditions usually present
with more severe symptoms and are already being treated with
hormone replacement therapy when GHD is diagnosed. However, it
is important to consider other pituitary hormone deficiency disorders
that are not treated or for which treatment is suboptimal as causes
of GHD. Hypothyroidism is closely associated with the development
of NAFLD because thyroid hormones have multiple effects on
hepatic lipid metabolism."> Low free testosterone levels in men are
independently associated with a significantly higher prevalence of
biopsy-proven NASH and more advanced fibrosis compared with
normal men."” Low prolactin levels associated with hypopituitarism
lead to cessation of breastfeeding in postpartum women but are not
clinically significant in other patients. One study showed that low
prolactin levels are a risk factor for the development of NAFLD and
the severity of lipodystrophy in both men and women. However, in
clinical practice, unlike GHD, the deficiency of these hormones is
usually recognized and quickly corrected.

Diagnostics Associations between GHD and NAFLD

Given that GHD often goes undiagnosed for many years due to
nonspecific symptoms and that the natural history of NAFLD in
these patients may be much earlier than in the general population,
screening for NAFLD should be initiated immediately after the
diagnosis of GHD by an endocrinologist. Some of the most common
types of ultrasound are listed below.'* Conventional ultrasonography
is not optimal for initial screening due to its low sensitivity for mild
lipodystrophy and the subjective assessment of the presence of
hepatic lipodystrophy.'® Vibration-controlled transient elastography
is considered the preferred screening method for assessing fibrosis
in situ, based on measuring liver stiffness and quantifying liver fat
content; A liver stiffness threshold of 8.2 kPa was shown to correlate
with stage 2 or higher liver fibrosis with a positive predictive value
of 0.78, and an area under the receiver operating characteristic curve
of 0.77.'® Compared <1.3 and >FIB-4 2.67 has the best diagnostic
accuracy with a high negative predictive value (90-95%)'7!® and a
positive result of 80% in the absence of advanced fibrosis.!® Also other
non-invasive indices may be used, such as aspartate aminotransferase-
to-platelet ratios and fibrosis indices in NAFLD.? Patients with
confirmed hepatic steatosis on abdominal imaging can also be
assessed for fibrosis using the non-invasive Enhanced Liver Fibrosis
(ELF) test (composition tissue metalloproteinase inhibitor 1, amino-
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terminal propeptide of procollagen type III and hyaluronic acid).This
blood test has low sensitivity for excluding severe fibrosis with a
cut-off value of 7.7, but low specificity for detecting cirrhosis with
a cut-off value of 11.3, with a specificity of 94 %.?' The combination
of an ELF score of less than 7.2 and a FIB-4 score of less than 0.74
may have an even higher sensitivity (92.5%) for excluding advanced
fibrosis.”> Given that NASH may progress more rapidly in patients
with PH, all patients with suspected stage 2 or higher liver fibrosis
should be closely monitored by a hepatologist.

Treatment associations of GHD and NAFLD

GHD is supplemented with daily injections, and a drug for
weekly injections has recently been approved. Current guidelines
from the American Association of Clinical Endocrinologists and the
American College of Endocrinology recommend that adult patients
with documented growth hormone deficiency, regardless of weight
or age, start with a low initial dose (age < 30 years: 0.4-0.5 mg/day).
day; age 30-60 years: 0.2-0.3 mg/day; and age >60 years: 0.1-0.2
mg/day), and then increase the dose to maintain IGF-1 levels in the
range of SD-2 - +2 to maintain IGF-1 in the range of SD-2 to +2 ,
with dose titration based on clinical response.”* A number of studies
have assessed the effects of GH therapy on BMI, body composition,
glucose metabolism, and insulin sensitivity: a meta-analysis of 54
randomized controlled trials including more than 3,400 GH patients
found that GH therapy reduced weight and body fat in the body and
increases lean body mass, but does not lead to a significant change in
BMI. No significant changes in BMI were found.?*

The effect of GH therapy on glucose metabolism remains
controversial and is likely dependent on the dose and duration of
treatment: long-term use of high doses leads to decreased insulin
sensitivity and increased fast glucose levels,” and low doses have
the opposite effect. However, this does not affect body composition.?
A recent large meta-analysis found that shorter durations of GH
replacement therapy (6-12 months) were associated with worse
glucose metabolism, but this negative effect was not observed with
longer durations of treatment.”” Data on the effectiveness of GH
therapy for NAFLD/NASH in this patient population are limited to
a few studies with treatment durations of only 6 months and small
numbers of patients.?®? In all studies, treatment was initiated with
low doses of GH and titrated to normal IGF-1 levels according to
guideline recommendations; one study found significant improvement
in dyslipidemia and fibrosis in five patients with NASH who had
paired liver biopsies after 6 to 12 months of GH treatment. Three
other studies reported no improvement in lipidosis on various
imaging studies, but no histological evaluation was performed. The
effect on liver function tests was also inconsistent, with two studies**
showing a significant decrease and two others showing no change.
There were no significant changes in BMI or body composition, with
the exception of one study that noted improvements in visceral and
subcutaneous adipose tissue.*° Thus, these results are inconclusive and
highlight the need for randomized controlled trials.’!

Acknowledgments
None.
Conflicts of interest

The authors declare that there is no conflict of interest.

Funding

None.

Citation: Khudaybergenov S, Khaydarova RT,Alieva DA, et al. Issues of prevalence, pathogenesis, clinical features, diagnosis and treatment of the associated
course of non-alcoholic fatty liver disease and diagnosis of growth hormone deficiency: Brief overview of articles. MOJ Biol Med. 2024;9(1):18-21.

DOI: 10.15406/mojbm.2024.09.0021 |


https://doi.org/10.15406/mojbm.2024.09.00211

Issues of prevalence, pathogenesis, clinical features, diagnosis and treatment of the associated course of
non-alcoholic fatty liver disease and diagnosis of growth hormone deficiency: Brief overview of articles

References

1.

Adams LA, Feldstein A, Lindor KD, et al. Nonalcoholic fatty liver
disease among patients with hypothalamic and pituitary dysfunction.
Hepatology. 2004;39(4):909-914.

. Meienberg F, Yee M, Johnston D, et al. Liver fat in adults with GH

deficiency: comparison to matched controls and the effect of GH
replacement. Clin Endocrinol (Oxf). 2016;85(1):76-84.

. Kang SJ, Kwon A, Jung MK, et al. High prevalence of nonalcoholic fatty

liver disease among adolescents and young adults with hypopituitarism
due to growth hormone deficiency. Endocr Pract. 2021;27(11):1149—
1155.

. Gardner CJ, Irwin AJ, Daousi C, et al. Hepatic steatosis, GH deficiency

and the effects of GH replacement: a Liverpool magnetic resonance
spectroscopy study. Eur J Endocrinol. 2012;166(6):993—-1002.

. Meienberg F, Yee M, Johnston D, et al. Liver fat in adults with GH

deficiency: comparison to matched controls and the effect of GH
replacement. Clin Endocrinol (Oxf). 2016;85(1):76-84.

. Arturi F, Succurro E, Procopio C, et al. Nonalcoholic fatty liver disease

is associated with low circulating levels of insulin-like growth factor-1.
J Clin Endocrinol Metab. 2011;96(10):E1640-E1644.

. Ichikawa T, Nakao K, Hamasaki K, et al. Role of growth hormone,

insulin-like growth factor 1 and insulin-like growth factor-binding
protein 3 in the development of non-alcoholic fatty liver disease.
Hepatol Int. 2007;1(2):287-294.

. Dichtel LE, Corey KE, Misdraji J, et al. The association between IGF-1

levels and the histologic severity of nonalcoholic fatty liver disease. Clin
Transl Gastroenterol. 2017;8(1):e217.

. Chishima S, Kogiso T, Matsushita N, et al. The relationship between the

growth hormone/insulin-like growth factor system and the histological
features of nonalcoholic fatty liver disease. Intern Med. 2017;56(5):473—
480.

. Wu W, Sun Q, Zhu X, et al. Risk factors for hypothalamic obesity in

patients with adult-onset craniopharyngioma: a consecutive series of
120 cases. Front Endocrinol (Lausanne). 2021;12:694213.

. Molitch ME, Clemmons DR, Malozowski S, et al. Evaluation and

treatment of adult growth hormone deficiency: an Endocrine Society
clinical practice guideline. J Clin Endocrinol Metab. 2011;96(6):1587—
16009.

. Ritter MJ, Amano I, Hollenberg AN. Thyroid hormone signaling and the

liver. Hepatology. 2020;72(2):742-752.

. Sarkar M, Yates K, Suzuki A, et al. Low testosterone is associated

with nonalcoholic steatohepatitis and fibrosis severity in men. Clin
Gastroenterol Hepatol. 2021;19(2):e402.

. Zhang P, Ge Z, Wang H, et al. Prolactin improves hepatic steatosis via

CD36 pathway. J Hepatol. 2018;68(6):1247-1255.

. Strauss S, Gavish E, Gottlieb P, et al. Interobserver and intraobserver

variability in the sonographic assessment of fatty liver. A/R Am J
Roentgenol. 2007;189(6):W320-W323.

. Eddowes PJ, Sasso M, Allison M, et al. Accuracy of FibroScan

controlled attenuation parameter and liver stiffness measurement in
assessing steatosis and fibrosis in patients with nonalcoholic fatty liver
disease. Gastroenterology. 2019;156(6):1717-1730.

. Cui J, Ang B, Haufe W, et al. Comparative diagnostic accuracy of

magnetic resonance elastography vs. eight clinical prediction rules for
non-invasive diagnosis of advanced fibrosis in biopsy-proven non-
alcoholic fatty liver disease: a prospective study. Aliment Pharmacol
Ther. 2015;41(12):1271-1280.

. Sun W, Cui H, Li N, et al. Comparison of FIB-4 index, NAFLD fibrosis

score and BARD score for prediction of advanced fibrosis in adult
patients with non-alcoholic fatty liver disease: a meta-analysis study.
Hepatol Res. 2016;46(9):862-870.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Copyright:
©2024 Khudaybergenov et al. 0

Shah AG, Lydecker A, Murray K, et al. Comparison of noninvasive
markers of fibrosis in patients with nonalcoholic fatty liver disease. Clin
Gastroenterol Hepatol. 2009;7(10):1104—1112.

Alkhouri N, Tincopa M, Loomba R, et al. What does the hold future
for patients with nonalcoholic steatohepatitis: diagnostic strategies
and treatment options in 2021 and beyond? Hepatol Commun.
2021;5(11):1810-823.

Vali Y, Lee J, Boursier J, et al. Enhanced liver fibrosis test for the non-
invasive diagnosis of fibrosis in patients with NAFLD: a systematic
review and meta-analysis. J Hepatol. 2020;73(2):252-262.

Younossi ZM, Felix S, Jeffers T, et al. Performance of the enhanced
liver fibrosis test to estimate advanced fibrosis among patients with
nonalcoholic fatty liver disease. JAMA Netw Open. 2021;4(9):¢2123923.

Yuen KCJ, Biller BMK, Radovick S, et al. American association of
clinical endocrinologists and American college of endocrinology
guidelines for management of growth hormone deficiency in adults
and patients transitioning from pediatric to adult care. Endocr Pract.
2019;25(11):1191-1232.

Hazem A, Elamin MB, Bancos I, et al. Body composition and quality
of life in adults treated with GH therapy: a systematic review and meta-
analysis. Eur J Endocrinol. 2012;166(1):13-20.

Kim SH, Park MJ. Effects of growth hormone on glucose metabolism
and insulin resistance in human. Ann Pediatr Endocrinol Metab.
2017;22(3):145-152.

Yuen KCJ, Frystyk J, White DK, et al. Improvement in insulin
sensitivity without concomitant changes in body composition and
cardiovascular risk markers following fixed administration of a very low
growth hormone (GH) dose in adults with severe GH deficiency. Clin
Endocrinol (Oxf). 2005;63(4):428-436.

Zhou H, Sun L, Zhang S, et al. Effect of longterm growth hormone
replacement on glucose metabolism in adults with growth hormone
deficiency: a systematic review and meta-analysis. Pituitary.
2021;24(1):130-142.

Gilliland T, Dufour S, Shulman GI, et al. Resolution of non-alcoholic
steatohepatitis after growth hormone replacement in a pediatric liver
transplant patient with panhypopituitarism. Pediatr Transplant.
2016;20(8):1157-1163.

Matsumoto R, Fukuoka H, Iguchi G, et al. Long-term effects of growth
hormone replacement therapy on liver function in adult patients with
growth hormone deficiency. Growth Horm IGF Res. 2014;24(5):174—
179.

Carvalho-Furtado ACL, Carvalho-Louro DM, Regattieri NAT, et al.
Transient elastography and controlled attenuation parameter (CAP)
in the assessment of liver steatosis in severe adult growth hormone
deficiency. Front Endocrinol (Lausanne). 2019;10:364.

Takano S, Kanzaki S, Sato M, et al. Effect of growth hormone on fatty
liver in panhypopituitarism. Arch Dis Child. 1997;76(6):537-538.

Ichikawa T, Hamasaki K, Ishikawa H, et al. Non-alcoholic steatohepatitis
and hepatic steatosis in patients with adult onset growth hormone
deficiency. Gut. 2003;52(6):914.

Fukuda I, Hizuka N, Yasumoto K, et al. Metabolic co-morbidities
revealed in patients with childhood onset adult GH deficiency after
cessation of GH replacement therapy for short stature. Endocr J.
2008;55(6):977-984.

Hong JW, Kim JY, Kim YE, et al. Metabolic parameters and
nonalcoholic fatty liver disease in hypopituitary men. Horm Metab Res.
2011;43(1):48-54.

Nishizawa H, Iguchi G, Murawaki A, et al. Nonalcoholic fatty liver
disease in adult hypopituitary patients with GH deficiency and the impact
of GH replacement therapy. Eur J Endocrinol. 2012;167(1):67-74.

Citation: Khudaybergenov S, Khaydarova RT,Alieva DA, et al. Issues of prevalence, pathogenesis, clinical features, diagnosis and treatment of the associated
course of non-alcoholic fatty liver disease and diagnosis of growth hormone deficiency: Brief overview of articles. MOJ Biol Med. 2024;9(1):18-21.
DOI: 10.15406/mojbm.2024.09.0021 |


https://doi.org/10.15406/mojbm.2024.09.00211
https://pubmed.ncbi.nlm.nih.gov/15057893/
https://pubmed.ncbi.nlm.nih.gov/15057893/
https://pubmed.ncbi.nlm.nih.gov/15057893/
https://pubmed.ncbi.nlm.nih.gov/26895949/
https://pubmed.ncbi.nlm.nih.gov/26895949/
https://pubmed.ncbi.nlm.nih.gov/26895949/
https://pubmed.ncbi.nlm.nih.gov/34126247/
https://pubmed.ncbi.nlm.nih.gov/34126247/
https://pubmed.ncbi.nlm.nih.gov/34126247/
https://pubmed.ncbi.nlm.nih.gov/34126247/
https://pubmed.ncbi.nlm.nih.gov/22433286/
https://pubmed.ncbi.nlm.nih.gov/22433286/
https://pubmed.ncbi.nlm.nih.gov/22433286/
https://pubmed.ncbi.nlm.nih.gov/26895949/
https://pubmed.ncbi.nlm.nih.gov/26895949/
https://pubmed.ncbi.nlm.nih.gov/26895949/
https://pubmed.ncbi.nlm.nih.gov/21816784/
https://pubmed.ncbi.nlm.nih.gov/21816784/
https://pubmed.ncbi.nlm.nih.gov/21816784/
https://pubmed.ncbi.nlm.nih.gov/19669352/
https://pubmed.ncbi.nlm.nih.gov/19669352/
https://pubmed.ncbi.nlm.nih.gov/19669352/
https://pubmed.ncbi.nlm.nih.gov/19669352/
https://pubmed.ncbi.nlm.nih.gov/28125073/
https://pubmed.ncbi.nlm.nih.gov/28125073/
https://pubmed.ncbi.nlm.nih.gov/28125073/
https://pubmed.ncbi.nlm.nih.gov/28250290/
https://pubmed.ncbi.nlm.nih.gov/28250290/
https://pubmed.ncbi.nlm.nih.gov/28250290/
https://pubmed.ncbi.nlm.nih.gov/28250290/
https://pubmed.ncbi.nlm.nih.gov/34394000/
https://pubmed.ncbi.nlm.nih.gov/34394000/
https://pubmed.ncbi.nlm.nih.gov/34394000/
https://pubmed.ncbi.nlm.nih.gov/21602453/
https://pubmed.ncbi.nlm.nih.gov/21602453/
https://pubmed.ncbi.nlm.nih.gov/21602453/
https://pubmed.ncbi.nlm.nih.gov/21602453/
https://pubmed.ncbi.nlm.nih.gov/32343421/
https://pubmed.ncbi.nlm.nih.gov/32343421/
https://pubmed.ncbi.nlm.nih.gov/31812658/
https://pubmed.ncbi.nlm.nih.gov/31812658/
https://pubmed.ncbi.nlm.nih.gov/31812658/
https://pubmed.ncbi.nlm.nih.gov/29452209/
https://pubmed.ncbi.nlm.nih.gov/29452209/
https://pubmed.ncbi.nlm.nih.gov/18029843/
https://pubmed.ncbi.nlm.nih.gov/18029843/
https://pubmed.ncbi.nlm.nih.gov/18029843/
https://pubmed.ncbi.nlm.nih.gov/30689971/
https://pubmed.ncbi.nlm.nih.gov/30689971/
https://pubmed.ncbi.nlm.nih.gov/30689971/
https://pubmed.ncbi.nlm.nih.gov/30689971/
https://pubmed.ncbi.nlm.nih.gov/25873207/
https://pubmed.ncbi.nlm.nih.gov/25873207/
https://pubmed.ncbi.nlm.nih.gov/25873207/
https://pubmed.ncbi.nlm.nih.gov/25873207/
https://pubmed.ncbi.nlm.nih.gov/25873207/
https://pubmed.ncbi.nlm.nih.gov/26763834/
https://pubmed.ncbi.nlm.nih.gov/26763834/
https://pubmed.ncbi.nlm.nih.gov/26763834/
https://pubmed.ncbi.nlm.nih.gov/26763834/
https://pubmed.ncbi.nlm.nih.gov/19523535/
https://pubmed.ncbi.nlm.nih.gov/19523535/
https://pubmed.ncbi.nlm.nih.gov/19523535/
https://pubmed.ncbi.nlm.nih.gov/34499435/
https://pubmed.ncbi.nlm.nih.gov/34499435/
https://pubmed.ncbi.nlm.nih.gov/34499435/
https://pubmed.ncbi.nlm.nih.gov/34499435/
https://pubmed.ncbi.nlm.nih.gov/32275982/
https://pubmed.ncbi.nlm.nih.gov/32275982/
https://pubmed.ncbi.nlm.nih.gov/32275982/
https://pubmed.ncbi.nlm.nih.gov/34529067/
https://pubmed.ncbi.nlm.nih.gov/34529067/
https://pubmed.ncbi.nlm.nih.gov/34529067/
https://pubmed.ncbi.nlm.nih.gov/31760824/
https://pubmed.ncbi.nlm.nih.gov/31760824/
https://pubmed.ncbi.nlm.nih.gov/31760824/
https://pubmed.ncbi.nlm.nih.gov/31760824/
https://pubmed.ncbi.nlm.nih.gov/31760824/
https://pubmed.ncbi.nlm.nih.gov/21865409/
https://pubmed.ncbi.nlm.nih.gov/21865409/
https://pubmed.ncbi.nlm.nih.gov/21865409/
https://pubmed.ncbi.nlm.nih.gov/29025199/
https://pubmed.ncbi.nlm.nih.gov/29025199/
https://pubmed.ncbi.nlm.nih.gov/29025199/
https://pubmed.ncbi.nlm.nih.gov/16181235/
https://pubmed.ncbi.nlm.nih.gov/16181235/
https://pubmed.ncbi.nlm.nih.gov/16181235/
https://pubmed.ncbi.nlm.nih.gov/16181235/
https://pubmed.ncbi.nlm.nih.gov/16181235/
https://pubmed.ncbi.nlm.nih.gov/32888174/
https://pubmed.ncbi.nlm.nih.gov/32888174/
https://pubmed.ncbi.nlm.nih.gov/32888174/
https://pubmed.ncbi.nlm.nih.gov/32888174/
https://pubmed.ncbi.nlm.nih.gov/27762491/
https://pubmed.ncbi.nlm.nih.gov/27762491/
https://pubmed.ncbi.nlm.nih.gov/27762491/
https://pubmed.ncbi.nlm.nih.gov/27762491/
https://pubmed.ncbi.nlm.nih.gov/25116471/
https://pubmed.ncbi.nlm.nih.gov/25116471/
https://pubmed.ncbi.nlm.nih.gov/25116471/
https://pubmed.ncbi.nlm.nih.gov/25116471/
https://pubmed.ncbi.nlm.nih.gov/31275240/
https://pubmed.ncbi.nlm.nih.gov/31275240/
https://pubmed.ncbi.nlm.nih.gov/31275240/
https://pubmed.ncbi.nlm.nih.gov/31275240/
https://pubmed.ncbi.nlm.nih.gov/9245856/
https://pubmed.ncbi.nlm.nih.gov/9245856/
https://pubmed.ncbi.nlm.nih.gov/12740357/
https://pubmed.ncbi.nlm.nih.gov/12740357/
https://pubmed.ncbi.nlm.nih.gov/12740357/
https://pubmed.ncbi.nlm.nih.gov/18612181/
https://pubmed.ncbi.nlm.nih.gov/18612181/
https://pubmed.ncbi.nlm.nih.gov/18612181/
https://pubmed.ncbi.nlm.nih.gov/18612181/
https://pubmed.ncbi.nlm.nih.gov/20865648/
https://pubmed.ncbi.nlm.nih.gov/20865648/
https://pubmed.ncbi.nlm.nih.gov/20865648/
https://pubmed.ncbi.nlm.nih.gov/22535644/
https://pubmed.ncbi.nlm.nih.gov/22535644/
https://pubmed.ncbi.nlm.nih.gov/22535644/

Issues of prevalence, pathogenesis, clinical features, diagnosis and treatment of the associated course of
non-alcoholic fatty liver disease and diagnosis of growth hormone deficiency: Brief overview of articles

36.

37.

38.

39.

Gardner CJ, Irwin AJ, Daousi C, et al. Hepatic steatosis, GH deficiency
and the effects of GH replacement: a Liverpool magnetic resonance
spectroscopy study. Eur J Endocrinol. 2012;166(6):993—-1002.

Rasmussen MH. Obesity, growth hormone and weight loss. Mol Cell
Endocrinol. 2010;316(2):147-53.

Mekala KC, Tritos NA. Effects of recombinant human growth hormone
therapy in obesity in adults: a meta analysis. J Clin Endocrinol Metab.
2009;94(1):130-137.

Xu L, Xu C, Yu C, et al. Association between serum growth hormone
levels and nonalcoholic fatty liver disease: a cross-sectional study. PLoS
One. 2012;7(8):¢44136.

Copyright:
©2024 Khudaybergenov et al. 21

40. Cianfarani S. Risk of cancer in patients treated with recombinant

41.

human growth hormone in childhood. Ann Pediatr Endocrinol Metab.
2019;24(2):92-98.

Kaltenecker D, Themanns M, Mueller KM, et al. Hepatic growth
hormone - JAK2 - STATS signaling: metabolic function, non-alcoholic
fatty liver disease and hepatocellular carcinoma progression. Cytokine.
2019;124:154569.

Citation: Khudaybergenov S, Khaydarova RT,Alieva DA, et al. Issues of prevalence, pathogenesis, clinical features, diagnosis and treatment of the associated
course of non-alcoholic fatty liver disease and diagnosis of growth hormone deficiency: Brief overview of articles. MOJ Biol Med. 2024;9(1):18-21.
DOI: 10.15406/mojbm.2024.09.0021 |


https://doi.org/10.15406/mojbm.2024.09.00211
https://pubmed.ncbi.nlm.nih.gov/22433286/
https://pubmed.ncbi.nlm.nih.gov/22433286/
https://pubmed.ncbi.nlm.nih.gov/22433286/
https://pubmed.ncbi.nlm.nih.gov/19723558/
https://pubmed.ncbi.nlm.nih.gov/19723558/
https://pubmed.ncbi.nlm.nih.gov/18940879/
https://pubmed.ncbi.nlm.nih.gov/18940879/
https://pubmed.ncbi.nlm.nih.gov/18940879/
https://pubmed.ncbi.nlm.nih.gov/22952901/
https://pubmed.ncbi.nlm.nih.gov/22952901/
https://pubmed.ncbi.nlm.nih.gov/22952901/
https://pubmed.ncbi.nlm.nih.gov/31261472/
https://pubmed.ncbi.nlm.nih.gov/31261472/
https://pubmed.ncbi.nlm.nih.gov/31261472/
https://pubmed.ncbi.nlm.nih.gov/30389231/
https://pubmed.ncbi.nlm.nih.gov/30389231/
https://pubmed.ncbi.nlm.nih.gov/30389231/
https://pubmed.ncbi.nlm.nih.gov/30389231/

	Title
	Abstract
	Keywords
	Introduction
	Prevalence of the association of GHD and NAFLD 
	Etiology of the association between HHD and NAFLD 
	Clinical features associations of GHD and NAFLD 
	Diagnostics Associations between GHD and NAFLD 
	Treatment associations of GHD and NAFLD 

	Acknowledgments
	Conflicts of interest 
	Funding
	References

