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Summary

Background and aims. Non-alcoholic fatty liver 
disease (NAFLD) is the hepatic manifestation of the 
metabolic syndrome related to insulin resistance. Insu-
lin-like growth factor 1 (IGF-1) is mainly produced 
by hepatocytes and its secretion is stimulated by growth 
hormone. Our aim was to assess possible changes in 
IGF-1 levels in patients with different ultrasonography 
stages of NAFLD and its association with hyperlipi-
demia, impaired glucose tolerance, non-insulin depen-
dant type 2 diabetes, waist circumference, obesity and 
arterial hypertension. Methods. One hundred and ten 
consecutive patients were evaluated. Results. IGF-1 
levels decreased as liver steatosis worsened. There was 
a statistically significant difference between mild-
moderate steatosis on one hand, and severe steatosis 
on the other (142 vs. 110, P < 0.05). Homeostasis 
model assessment of insulin resistance (HOMA) and 
insulin levels showed a tendency to inverse association 
with IGF-1, but it was not statistically significant. 
HOMA significantly increased in severe liver steatosis 
when compared with mild-moderate steatosis (6.20 vs. 
3.99, P < 0.05). Insulin levels also showed a signifi-
cant increase (3.01±0.61 vs. 2.59±0.56, P < 0.05). 
Body mass index showed a significant inverse correla-
tion with IGF-1 level (r = -0.19, P < 0.05) and a 
tendency to increase as liver steatosis worsened. Waist 
circumference increased significantly as liver steatosis 
worsened (severe vs. mild-moderate: 114 vs.100, P < 
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0.05). Conclusions. IGF-1 levels showed a decrease as 
liver steatosis worsened. This difference was statistically 
significant between mild-moderate and severe stetao-
sis. Inverse correlation between IGF-1 levels and BMI 
was also statistically significant. There was no statisti-
cally significant correlation between IGF-1 levels and 
HOMA and insulin levels. 
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Niveles de IGF-1 en diferentes 
estadios de esteatosis hepática y su 
relación con el síndrome metabólico

Resumen

Antecedentes y objetivos. La esteatosis hepática no alcohó-
lica es la manifestación hepática del síndrome metabólico re-
lacionado con la insulinorresistencia. El factor de crecimiento 
insulínico tipo 1 (IGF-1) es producido principalmente por 
los hepatocitos y su secreción está estimulada por la hormona 
de crecimiento. Nuestro objetivo fue evaluar posibles cambios 
en los niveles de IGF-1 en pacientes con diferentes estadios 
ecográficos de esteatosis hepática y su relación con hiperlipide-
mia, intolerancia a la glucosa, diabetes tipo 2 no insulino-de-
pendiente, circunferencia de cintura, obesidad e hipertensión 
arterial. Métodos. Fueron evaluados 110 pacientes consecu-
tivos. Resultados. Los niveles de IGF-1 fueron disminuyendo 
a medida que la esteatosis hepática empeoraba. Encontramos 
una diferencia estadísticamente significativa entre los grados 
leve-moderado por un lado, y severo por el otro (142 vs. 110, 
P < 0,05). El índice de resistencia insulínica (HOMA) y los 
niveles de insulina mostraron una tendencia de correlación 
inversa con IGF-1, pero no fue estadísticamente significati-
vo. El HOMA aumentó significativamente en la esteatosis 
severa cuando se comparó con el estadio leve-moderado (6,20 
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vs. 3,99, P < 0,05). Los niveles de insulina también mos-
traron un aumento significativo (3,01±0,61 vs. 2,59±0,56, 
P < 0,05). El índice de masa corporal (IMC) mostró una 
significativa correlación inversa con los niveles de IGF-l (r 
= -0,19, P < 0,05). La circunferencia de cintura  aumen-
tó significativamente a medida que la esteatosis empeoraba. 
Conclusiones. Los niveles de IGF-1 disminuyeron a medida 
que la esteatosis hepática empeoraba. Esta diferencia fue es-
tadísticamente significativa entre los estadios leve-moderado 
y severo. La correlación inversa entre IGF-1 e IMC también 
fueron significativos.

Palabras claves. IGF-1, esteatosis hepática, síndrome metabólico.

Abreviaturas. 
NAFLD. non-alcoholic fatty liver disease. 
IR. insulin resistance. 
IGF-1. insulin-like growth factor 1. 
GH. growth hormone, IGT: impaired glucose tolerance. 
HOMA. homeostasis model assessment of insulin resistance.
BMI. body mass index. 
NASH. non-alcoholic steatohepatitis.
IGFBPs. IGF1-binding proteins.
T2 DM. type 2 diabetes mellitus.
FFA. free fatty acids, ALT: alanine aminotransferase.
IFT. impaired fasting glucose. 

Non-alcoholic fatty liver disease (NAFLD) is the 
hepatic manifestation of a broad metabolic syndro-
me that includes different disorders related to insu-
lin resistance (IR), such as obesity, type 2 diabetes 
(T2 DM), hypertension and hyperlipidemia.1 Liver 
steatosis is the most frequent hepatic lesion in Wes-
tern countries, with an estimated prevalence of 10% 
to 25%. The most severe forms (non-alcoholic stea-
tohepatitis (NASH), fibrosis and cirrhosis) occur in 
about 2% to 7%.2

Hepatocytes are the main source of circulating 
insulin-like growth factor 1 (IGF-1), whose secretion 
is stimulated by growth hormone (GH).3 Circulating 
IGF-1 levels could be important in the pathogenesis 
of T2 DM, either through the regulation of insulin 
sensitivity or the maintenance of β-cell mass.4

The presence of fatty liver is currently con-
sidered as a very early and sensitive indicator of 
insulin resistance.5 Insulin resistance leads to an 
excessive accumulation of triglyceride in the hepato-
cyte through an increased release of free fatty acids 
(FFA) from the adipose tissue, as a result of acce-

lerated lipolysis. Hyperinsulinemia also favours the 
formation of tryglycerides instead of mitochondrial 
oxidation.6 Sandhu et al, in a prospective observatio-
nal study, showed that high circulating IGF-1 levels 
were associated with reduced risk of development 
of impaired glucose tolerance (IGT) or T2DM in in-
dividuals with normal glucose concentrations at ba-
seline.7 In cross-sectional studies, Efstratiadis et al8 
found low concentrations of IGF-1 in subjects with 
metabolic syndrome, regardless of the presence of 
diabetes mellitus, and García-Galiano et al9 showed 
that IGF-1 is an independent prognostic factor of 
liver steatosis and non-alcoholic steatohepatitis in 
morbidly obese patients and that its level decreases 
throughout the progression of NASH.

The aim of the present study was to assess possi-
ble changes in IGF-1 levels in patients with different 
ultranosnography stages of non-alcoholic liver stea-
tosis and its association with the components of me-
tabolic syndrome, hyperlipidemia, impaired glucose 
tolerance, non-insulin dependant type 2 diabetes, 
waist circumference, obesity, arterial hypertension 
and impaired liver function tests such as elevated 
alanine aminotransferase (ALT).

Patients and methods 

Patients

Patients were consecutively enrolled in one medi-
cal center from January 10th to December 20th 2008. 
A descriptive cross-sectional study was conducted 
in 110 patients (41 to 85 years-old, 82 women) with 
liver steatosis confirmed by abdominal ultrasono-
graphy. In all patients IGF-1 was measured together 
with other related biochemical and clinical variables. 
According to ultrasonographic criteria, liver steato-
sis is present when the accumulation of fat exceeds 
5% of the liver weight, and it is classified in mild, 
moderate and severe. In grade 1 (mild), echogeni-
city is slightly increased, with normal visualization 
of the diaphragm and intrahepatic vessel borders. 
In grade 2 (moderate), echogenicity is moderately 
increased, with slightly impaired visualization of the 
diaphragm or intrahepatic vessels. In grade 3 (seve-
re), echogenicity is markedly increased, with poor or 
no visualization of the diaphragm, intrahepatic ves-
sels and posterior portion of the right lobe.10-11 All 
the ultrasonographies were performed by the same 
physician in order to avoid operator dependence. 
An Echotomography Toshiba Aplio plus with a 
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2-5 MHZ transducer was used. We compared two 
groups (mild and moderate vs. severe liver steato-
sis) in order to show the difference in IGF-1 levels 
when the function of hepatic cellular mass was ex-
tremely diminished.

Body mass index (BMI) was calculated and con-
sidered normal when it was lower than 25 kg/m2, 
overweight between 25 and 29.9 kg/m2 and obe-
sity when it was higher than 30 kg/m2. Waist cir-
cumference and blood pressure were also measured. 
T2DM was defined when glucose levels were higher 
than 126 mg/dL (7.0 mmol/L). Impaired fasting 
glucose (IFT) was diagnosed when glucose levels 
were between more than 110 mg/dL (6.1 mmol/L) 
and less than 125 mg/dL (6.9 mmol/L). IGT was 
diagnosed when glucose levels 2 hours after a 75 g 
glucose challenge were between 140 and 199 mg/
dL in the oral glucose tolerance test (OGTT).12 In-
sulin resistance was determined when homeostasis 
model assessment of insulin resistance (HOMA), 
calculated as insulin (mU/L) x glucose (umol/L) 
/22.5, was higher than 3.13 Metabolic syndrome was 
defined by any three of the following five features: 
waist circumference higher than 102 cm in men or 
88 cm in women, triglycerides higher than 150 mg/
dL, HDL-cholesterol lower than 40 mg/dL in men 
or 50 mg/dL in women, blood pressure higher than 
130/85 mmHg and glucose higher than 110 mg/dL 
(6.1 mmol/L).14 We excluded: acromegaly, insulin 
dependant diabetes, uncontrolled hypothyroidism, 
viral hepatitis and pregnancy.

An informed consent was obtained from each 
patient and was approved by the Ethical Committee 
of Hospital Militar Central.

Biochemical analysis

Total IGF-1 level was measured with a two-site im-
munoradiometric assay with ethanol-acid extraction 
(IRMA-DSL). We used the reference “normal” ac-
cording to the normal range given by manufactu-
rers, adjusted by age and gender. Calibration RIR 
for IGF-1 (OMS 87/518) was performed, coeffi-
cient of variation (CV) was 8% intra-assay and 11% 
inter-assay, and analytical sensitivity was 12 ng/mL.
Glucose was measured by hexoquinase method 
(Roche Diagnostic) with a 6.1% CV inter-assays at 
100 mg%. Liver function tests: ALT, gamma-gluta-
myl-transpeptidase, total bilirubin, HDL and LDL 
cholesterol, and triglycerides were measured with 

routine methods. Insulin was measured by an elec-
trocheminescence immunoassay “ECLIA” (Roche 
Diagnostics) with a 4.5% and 3.3% CV inter-assays 
at 23 and 76.5 UI/mL, respectively.
Antibody to hepatitis C was assessed by an enzyme-
linked immunoassay test of second generation (ELI-
SA, Abbott Laboratories, Chicago, IL) in accordan-
ce with the manufacturer’s instructions.

Statistic analysis  

Data on continuous variables are expressed as 
mean ± standard deviation. Data on qualitative 
characteristics are given as percent values. Measu-
rements performed in mild to moderate and severe 
liver steatosis were compared by means of unpaired-
sample t tests, while relationships between IGF-1 
and other clinical and humoral variables were asses-
sed by their linear correlation coefficients. Before 
analysis, care was taken to check for normality of 
sample distributions and the appropriate corrections 
were performed when required. Statistical signifi-
cance was set at P < 0.05. The SSPS for Windows 
13.0 statistical package was used for the analysis.

Results

One hundred and ten patients were evaluated. 
Clinical and biochemical variables are shown in Ta-
bles 1 and 2. ALT was elevated in 14% of patients, 
diabetes was present in 19% and IGT was found 
in 12%. Obesity was observed in 68% of patients 
and overweight in 25%. Waist circumference ranged 
from 77 to 120 cm in women and from 82 to 153 
cm in men. Thirty-four percent of women presented 
HDL lower than 50 mg% and 72% of men HDL 
lower than 40 mg%.

IGF-1 levels decreased as liver steatosis worse-
ned, there was a statistically significant difference 
between mild and moderate steatosis on one hand 
and severe steatosis on the other (142 vs. 110, P < 
0.05) (Figure 1).

Total, HDL and LDL cholesterol, triglycerides, 
glycemia, insulin level, waist circumference, age, 
arterial hypertension and ALT were not correla-
ted with IGF-1 levels. HOMA and insulin levels 
showed tendency to inverse association with IGF-1, 
but it was not statistically significant. HOMA sig-
nificantly increased in severe liver steatosis when 
compared with mild and moderate (6.20 vs. 3.99, P 
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< 0.05). Insulin levels also showed a significant in-
crease (3.01±0.61 vs. 2.59±0.56, P < 0.05) (Figures 
2 and 3). BMI showed a significant inverse correla-
tion with IGF-1 levels (r = -0.19, P < 0.05) and a 
tendency to increase as liver steatosis worsened (se-
vere vs. mild and moderate: 35.9 vs. 32.7, P < 0.07). 
Waist circumference increased significantly as liver 
steatosis worsened (severe vs. mild and moderate: 
114 vs. 100, P < 0.05).

Discussion

It is not well defined how the sequence of events 
and the mediators involved in the association of vis-
ceral fat with insulin resistance and progression of 
liver disease are triggered. Lipotoxicity describes the 
damage that occurs when fat supply surpasses the 
storage and oxidative capacity of skeletal muscle, li-
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Table 1. Clinical and biochemical variables in 110 
individuals with liver steatosis.

Table 2. Clinical and biochemical variables in 110 
individuals according to their degree of liver steatosis.

Figure 1. IGF-1 levels in liver steatosis.

Figure 2. HOMA in liver steatosis.

Figure 3. Insulin levels in liver steatosis.
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ver or pancreatic beta-cells. Lipid flux in excess is 
redirected into harmful pathways of non-oxidative 
metabolism with intracellular accumulation of toxic 
metabolites that renders these tissues resistant to the 
action of insulin and elicits damaging inflammatory 
responses. It is important to emphasize that triglyce-
rides accumulation per se is not the unique harmful 
event, but rather are the lipid-derived metabolites 
that trigger the formation of reactive oxygen spe-
cies (ROS) and activation of inflammatory pathways 
with cellular apoptosis.15-16

Under conditions of long-term energy excess 
intake, carbohydrates and fatty acids convert to tri-
glycerides for storage. The visceral adipose tissue 
has more metabolic activity than the more abun-
dant subcutaneous adipose tissue, and the release of 
FFAs and adipokines from visceral fat depots, secre-
ted directly into the portal circulation, is one of the 
mechanisms of hepatic injury, acting through the in-
crease of lipids in the hepatic cells.17 We believe that 
this is the most important pathogenic mechanism 
involved in liver steatosis. FFAs and adipokines re-
leased from visceral fat into portal circulation cau-
se peripheral hyperinsulinemia by retarding insulin 
clearance and increasing lipid synthesis.13

In advanced liver disease, the differentiation bet-
ween severe NAFLD and NASH depends on liver 
lesions which may progress with the association of 
variable degree of necro-inflammation and fibrosis 
through altered adipocytokine profiles (low adipo-
nectin, and high TNF-alfa, interleukin-6, C-reactive 
protein and others).8,9,17,18 The presence of NAFLD 
might also predict the development of metabolic di-
sorders due to insulin resistance, thus heralding the 
development of central obesity, high triglycerides, 
low HDL cholesterol, hypertension and glucose 
abnormalities. We believe that obesity, through a 
reduction of the mass of hepatic cells in severe stea-
tosis, is the principal cause of NAFLD.

IGF-1 is a peptide with structural homology to 
proinsulin, physiologically similar to insulin, but it 
is a much more potent mitogen and antiapoptopic 
agent, and its insulin-like action is modulated by six 
specific binding proteins that are produced in the 
liver. IGFBP-1 is the only acutely regulated IGFBP 
and its production is inhibited by insulin.7 In the 
circulating blood, most of the IGF-1 is bound to 
serum IGF binding protein-3 (IGFBP-3).20-22

Skeletal muscle appears to be particularly sensi-
tive to insulin-like actions, whereas mature adipo-

cytes and liver seem to be very insensitive to IGF-
1.23 Insulin suppresses production of IGFBP-1 and 
increases sensitivity of growth hormone receptor in 
the liver, except in chronic hyperinsulinemia where 
the expression of GH receptor decreases because 
there is a reduction in GH receptor expression and 
signaling in the liver.24 GH exerts direct effects on 
insulin action and indirect effects through increased 
lipolysis, resulting in elevated FFAs levels which im-
pair insulin sensitivity of both the liver and muscle.4 
On the other hand, suppression of IGFBP-1 by in-
sulin might increase bioavailability of IGF-1 which 
could lead to inhibition of GH release by the pitui-
tary gland and a consequent reduction of IGF-1 in 
the liver.7

Völzke et al showed that hepatic steatosis is as-
sociated with low serum IGF-1 levels and its asso-
ciation is independent of alcohol consumption.22 
The progressive reduction of IGF-1 concentration 
in blood from patients with severe obesity might be 
the consequence of the reduction of functional li-
ver cells by the steatosis.9 This finding agrees with 
our findings that showed a statistically significant 
difference between IGF-1 levels in mild-moderate 
steatosis on one hand and severe on the other, with 
a decrease of IGF-1 as liver steatosis worsened. 
Similarly there was an inverse correlation between 
IGF-1 levels and BMI: when weight increased, IGF-
1 decreased.

Our results showed that there was not statistica-
lly significant correlation between IGF-1 levels and 
insulin resistance parameters, such as HOMA and 
insulin levels, in accordance with NHANES study.20 
Our study also showed that there was a statistically 
significant association between HOMA and the se-
verity of liver steatosis.

The risk of steatosis at ultrasonography is increa-
sed by a factor of 3 in the presence of overweight 
and peaks at a factor of approximately 15 in the 
presence of obesity. Most patients with ultrasono-
graphically detectable liver disease may have normal 
liver enzymes. Therefore, liver enzymes are conside-
red poor predictors of the severity of liver disease.17 
The prevalence of unexplained elevations in ALT 
in individuals from the National Health and Nutri-
tion Survey (NHANES III) with metabolic syndro-
me was 7%.18 Liver biopsy is the most sensitive test 
for the differential diagnosis between NAFLD and 
NASH because it has 100% of specificity.25 The ac-
curacy of ultranosography for the diagnosis of liver 
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steatosis and its severity is about 92%. However, 
this difference does not justify the use of biopsy for 
epidemiological purposes.19-25 Therefore, the ultra-
sonography would be the simplest and most reliable 
diagnostic method for the detection of NAFLD, 
mainly because it is not invasive and easy to perform 
as many times as necessary in order to follow up 
the evolution of liver disease and to determine the 
optimal timing for a liver biopsy. Ultrasonography 
enabled us to differentiate mild and moderate stea-
tosis from severe steatosis because there is a stark 
decrease in IGF-1 levels in severe steatosis.

This study has two limitations. First, we did not 
asses IGF-1 binding proteins which regulate bioa-
vailability of circulating IGF-1. Second, we used 
only one assay (IRMA) for the determination of 
total IGF-1 that is subjected to binding proteins in-
terference.

In conclusion, IGF-1 levels showed a decrease 
as liver steatosis worsened, and this difference was 
statistically significant between mild and moderate 
steatosis and severe steatosis. Inverse correlation 
between IGF-1 levels and BMI was also statistically 
significant. The lower level of IGF-1 might be rela-
ted to the reduction in the hepatic cell mass due to 
the worsening of liver steatosis when obesity increa-
ses. Our results showed that there was not statistica-
lly significant correlation between IGF-1 levels and 
HOMA and insulin levels. Although liver biopsy 
remains the gold standard in the evaluation of NA-
FLD, ultrasonography would be the first diagnostic 
method for its detection because it is noninvasive, 
reliable, inexpensive and easily repeatable.

Acknowledgement. We thank Ms. Claudia Muschitiello 
for her valuable assistance in the English version.

Los autores declaran no tener conflictos de interés.

Sostén financiero. 
Financial support: nothing to report.

References

1. Bacon BR, Farahvash MJ, Janney CG, Neuschwander-Tetri 
BA. Nonalcoholic steatohepatitis: an expanded clinical en-
tity. Gastroenterolgy 1994;107:1103-1109.

2. Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: 
from steatosis to cirrhosis. Hepatology 2006;43 (Suppl 1): 
S99-S112.

3. Schmid C. Insulin-like growth factors. Cell Biol Int 1995;19: 
445-457.

4. Dunger D, Yuen K, Ong K. Insulin-like growth factor 1 
and impaired glucose tolerance. Horm Res 2004;62 (Suppl 
1):101-107.

5. Machado M, Cortez-Pinto H. Non-alcoholic steatohepatitis 
and metabolic syndrome. Curr Opin Clin Nutr Metab Care 
2006;9:637-642.

6. Bugianesi E, Gastaldelli A, Vanni E, Gambino R, Cassader 
M, Baldi S, Ponti V, Pagano G, Ferrannini E, Rizzetto M. 
Insulin resistance in non-diabetic patients with non-alcoho-
lic fatty liver disease: sites and mechanisms. Diabetologia 
2005;48:634-642.

7. Sandhu MS, Heald AH, Gibson JM, Cruickshank JK, 
Dunger DB, Wareham NJ. Circulating concentrations of 
insulin-like growth factor-I and development of gluco-
se intolerance: a prospective observational study. Lancet 
2002;359:1740-1745.

8. Efstratiadis G, Tsiaousis G, Athyros VG; Karagianni D, 
Pavlitou-Tsionsti A, Giannakou-Darda A, Manes C. Total 
serum insulin-like growth factor-1 and C- reactive protein 
in metabolic syndrome with or without diabetes. Angiology 
2006;57:303-311.

9. García- Galiano D, Sanchez-Garrido MA, Espejo I, Montero 
JL, Costán G, Marchal T, Membrives A, Gallardo-Valverde 
JM, Muñoz-Castañeda JR, Arévalo E, De la Mata M, Muntané 
J. IL-6 and IGF-1 are independent prognostic factors of liver 
steatosis and non-alcoholic steatohepatitis in morbidly obese 
patients. Obesity Surgery 2007;17:493-503.

10. Ralls PW, Jhonson MB, Kanel G, Dobalian DM, Colletti 
PM, Boswell WD Jr, Radin DR, Halls JM. FM sonography 
in diffuse liver diseases prospective assesment and blinded 
analysis. Radiology 1986;161:451-454.

11. Marm CS, Bree RL, Silver TM. Ultrasonography of the 
liver: technique and focal and diffuse disease. Radiol Clin 
North Am 1991;29:1151-1170.

12. Genuth S, Alberti KG, Bennett P, Buse J, Defronzo R, 
Kahn R, Kitzmiller J, Knowler WC, Lebovitz H, Lernmark 
A, Nathan D, Palmer J, Rizza R, Saudek C, Shaw J, Steffes 
M, Stern M, Tuomilehto J, Zimmet P, Expert Committee 
on the Diagnosis and Classification of Diabetes Mellitus. 
Follow-up report on the diagnosis of diabetes mellitus. Dia-
betes Care 2003;26:3160-3167.

13. Balaban Y, Sumer H, Simsek H, Us D, Tatar G. Metabo-
lic syndrome, nonalcoholic steatohepatitis (NASH), and 
hepatocyte growth factor (HGF). Ann Hepatol 2006;5: 
109-114.

14. Grundy SM, Cleeman JI, Merz CN, Brewer HB Jr, Clark 
LT, Hunninghake DB, Pasternak RC, Smith SC Jr, Stone 
NJ. Implications of recent clinical trials for the National 
Cholesterol Education Program Adult Treatment Panel III 
guidelines. Circulation 2004;110:227–239.

15. Cusi K. Evolving concepts in lipotoxicity. The changing 
face of hepatology Postgraduate course 2008. American 
Association for the Study of Liver Diseases:72-84.

16. Cusi K. Nonalcoholic fatty liver disease in type 2 dia-
betes mellitus. Curr Opin Endocrinol Diabetes Obes 
2009;16:141-149. 

17. Marchesini G, Moscatiello S, Di Domizio S, Forlani G. 
Obesity-associated liver disease. J Clin Endocrinol Metab 
2008;93:S74-S80.

IGF-1 in liver steatosis          María Susana Mallea-Gil y col



Acta Gastroenterológica Latinoamericana - Vol 42 / Nº 1 / Marzo 2012t26

18. Liangpunsakul S, Chalasani N. Unexplained elevations in 
alanine aminotransferase in individuals with the metabolic 
syndrome: results from the Third National Health and Nu-
trition Survey (NHANES III) Am J Med Sci 2005;329:111-
116.

19. Hyegon Chang K, Sung Hee C, Hae Won S, Jae Youn C, 
Kwan Woo L, Hyun Chul L, Kap Bum H, Dae Jung K. 
Severity of ultrasonographic liver steatosis and metabolic 
syndrome in Korean men and women. World J Gastroente-
rol 2005;11:5314-5321.

20. Parekh N, Roberts CB, Valdiveloo M,  Puvananayagam T, 
Albu JB, Lu-Yao G. Lifestyle, anthropometric, and obesity-
related physiologic determinants of insulin-like growth fac-
tor-1 in the Third National Health and Nutrition Examina-
tion Survey (1988–1994). Ann Epidemiol 2010;20:182-193.

21. Rajaram S, Baylink DJ, Mohan S. Insulin-like growth factor 
binding proteins in serum and other biological fluids: regu-
lation and functions. Endocr Rev 1997;18:801-831.

22. Völke H, Nauck M, Rettig R, Dörr M, Higham C, Brabant 
G, Wallaschofski H. Association between hepatic steatosis 
and serum IGF-1 and IGFBP-3 levels in a population-ba-
sed sample. Eur J Endocrinol 2009;161:705-713.

23. Clemmons D. Role of insulin-like growth factor 1 in main-
taining normal glucose homeostasis. Horm Res 2004;62 
(suppl 1):77-82.

24. Brugts MP, van Duijn CM, Hofland LJ, Witteman JC, Lam-
berts SW, Janssenl J IGF-1 bioactivity in an elderly popu-
lation. Relation to insulin sensitivity, insulin levels, and the 
metabolic syndrome. Diabetes 2010;59:505-508.

25. Hamaguchi M, Kojima T, Itoh Y, Harano Y, Fujii K, Naka-
jima T,Kato T, Takeda N, Okuda J, Ida K, Kawahito Y, 
Yoshikawa T, Okanoue T. The severity metabolic syn-
drome and visceral fat accumulation. Am J Gastroenterol 
2007;102:2708-2715.

IGF-1 in liver steatosis          María Susana Mallea-Gil y col


