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Abstract
Background and Aim—Nonalcoholic fatty liver disease (NAFLD), circulating insulin-like
growth factor-1 (IGF-1) and IGF-1/IGF binding protein-3 (IGFBP-3) concentrations are
associated with adiposity and insulin resistance. We aimed to determine whether serum IGF-1,
IGFBP-3 and IGF-1/IGFBP-3 are associated with presence or severity of NAFLD independent of
potential confounding.

Methods—We performed a cross-sectional analysis of data from the Third National Health and
Nutrition Examination Survey, 1988–1994, a representative sample of the United States adult
population. Among participants who had a fasting blood draw and ultrasound examination we
excluded those with missing data, viral hepatitis, iron overload, excessive alcohol intake,
pregnancy or taking glucose-lowering therapy, yielding 4172 adults for this analysis.

Results—In logistic regression analyses adjusted for age, gender, and race/ethnicity, higher
IGF-1 and IGF-1/IGFBP-3 quartiles were associated with lower likelihood of NAFLD and lower
grade steatosis. These associations became non-significant when further adjusted for adiposity
(BMI, waist circumference) with the exception of the association between IGF-1/IGFBP-3 and
severity of NAFLD which remained significant after adjustment for HOMA-IR (OR (95% CI):
Q3:0.71 (0.53–0.96), Q4:0.62 (0.43–0.89)) and adiposity (Q4: 0.67 (0.47–0.96)). Full adjustment
(age, gender, race/ethnicity, adiposity, HOMA-IR, A1C%) further attenuated associations between
IGF-1 or IGF-1/IGFBP-3 and liver fat such that they were no longer significant.

Conclusions—Adiposity explains much of the observed association between IGF-1 or IGF-1/
IGFBP-3 and liver fat. These findings do not support a direct role for the GH-IGF-1/IGFBP-3 axis
in the pathophysiology of NAFLD.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a condition of increased fat in the liver in the
absence of significant alcohol intake. Although the etiology of NAFLD remains unclear, the
growth hormone (GH)-IGF-1 axis may be involved. NAFLD is often coexistent with
conditions of obesity, insulin resistance and the metabolic syndrome1 as well as untreated
GH deficiency in adults2. Replacement with GH therapy is reported to improve liver
steatosis3,4 and in epidemiological studies, an inverse association between serum IGF-1
concentration and fatty liver disease has been observed 5–9. IGF-1 is primarily synthesized
in the liver in response to GH 10. Exogenous IGF-1 prevents excess liver fat in GH deficient
rats 11 by an underlying mechanism that is still unknown. The observed reduction in liver fat
in association with GH treatment in humans may likewise be due to an increase in
circulating IGF-1.

At this time it is unknown whether low IGF-1 levels are a cause or consequence of
accumulation of excess liver fat 12, or simply an innocent bystander. A direct effect of IGF-1
on hepatic fatty acid metabolism is unlikely as there are very few hepatic IGF-1 receptors 13,
but this possibility cannot be ruled out. Lower IGF-1 concentration in NAFLD may simply
reflect decreased synthesis in the presence of liver disease. Low IGF-1 levels have been
associated with fibrotic stages of non-alcoholic steatohepatitis (NASH) 6,14 and also
observed in patients with other causes of hepatic fibrosis 15. They do not appear to be related
to the etiology of cirrhosis 16,17. However, IGF-1 levels have also been shown to be lower at
earlier stages of NAFLD 8,9. Alternatively, lower IGF-1 levels may have indirect effects that
contribute to development of NAFLD, such as excess adiposity or insulin resistance, both of
which are strongly associated with NAFLD 18.

IGF binding protein-3 (IGFBP-3) is the primary binding protein for circulating IGF-1 and
the ratio of IGF-1/IGFBP-3 provides an indication of IGF-1 bioavailability (free IGF-1 is
considered the bioactive form) 19. Several cross-sectional studies, varying in study
population and statistical approach, have evaluated NAFLD in association with circulating
levels of IGF-1 and IGF-1/IGFBP-3 5–9,14. Validation of the association between IGF-1 and
NAFLD in a large population-based, multi-ethnic sample is needed with additional
determination of whether this association persists after appropriate adjustment for potential
confounders such as adiposity and insulin resistance.

METHODS
Study design

We performed a cross-sectional analysis using data from the Third National Health and
Nutrition Examination Survey (NHANES III) conducted among the non-institutionalized US
population from 1988 to 1994 20. NHANES used a complex, weighted survey design to
obtain a representative sample of the US population and included deliberate oversampling of
the elderly and certain racial/ethnic minorities. The survey included a home interview,
physical examination, laboratory measurements and ultrasonography of the liver and
gallbladder performed in a mobile examination center.
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Subjects
Data for this analysis included subjects who had both a morning fasting blood draw and an
interpretable hepatic ultrasound examination (n=6069) performed at the mobile examination
center. After excluding subjects with missing data; positive Hepatitis C antibody and/or
Hepatitis B surface antigen or borderline status; possible iron overload (serum ferritin > 500
mg/mL for men or > 400 ng/mL for women and transferrin saturation > 45%); excessive
alcohol intake defined as > 2 drinks daily for men and > 1 drink daily for women;
pregnancy; or those taking glucose-lowering medications, data on 4172 adults were
included.

Laboratory methods
Fasting blood was obtained by venipuncture, processed locally and stored. Samples were
shipped to a centralized laboratory for analysis. Procedures for NHANES laboratory quality
control measures have been previously reported 21. ELISA quantification of serum IGF-I
(ng/ml) and IGFBP-3 (ng/ml) were performed using Diagnostic Systems Laboratories Inc
(DSL, Webster TX) reagents and standard protocols 22. Serum insulin was quantified by
radioimmunoassay using a Berthold model multi-crystal gamma counter (Berthold, Nasua,
NH) and Pharmacia Insulin RIA kit (Pharmacia Diagnostics AB, Uppsala, Sweden). Serum
glucose was quantified using the hexokinase method (Roche Diagnostic Systems, Inc.,
Montclair, New Jersey). Measurement of glycated hemoglobin A1C% was performed by
automated high-performance liquid chromatography system (Bio-Rad DIAMAT
glycosylated hemoglobin analyzer system, Bio-Rad Laboratories, Hercules, CA).

Ascertainment of hepatic steatosis, insulin resistance and diabetes mellitus
Ultrasound images for assessment of hepatic steatosis were obtained from archived liver and
gall bladder ultrasound images originally obtained between 1988 and 1994 using a Toshiba
(Tustin, CA) SSA-90A machine using two 3.75 and one 5.0 MHz transducers. Details of the
protocol are published elsewhere 23–25. The presence of fat within the hepatic parenchyma
was graded “normal, mild, moderate or severe” by 3 trained ultrasound readers under quality
controlled supervision of a board certified hepatic radiologist from 2009 to 2010; readings
were standardized using quality assurance procedures. We defined NAFLD as having any
grade of liver fat (mild, moderate or severe). An estimate of insulin resistance, Homeostasis
model assessment for insulin resistance (HOMA-IR), was calculated by taking the product
of fasting insulin (µU/mL) and glucose (mg/dL) and dividing this by 405 26. Diabetes was
defined as hemoglobin A1C% ≥ 6.5% 27.

Statistical Methods
We used bivariate linear models and chi-square analyses to assess for associations between
NAFLD severity, IGF-1, IGFBP-3, IGF-1/IGFBP-3 quartiles and subject characteristics.
The purpose of our initial statistical analyses was to show crude (unadjusted) associations
and minimally-adjusted associations (age, gender, and race/ethnicity) between IGF-1,
IGFBP-3, IGF-1/IGFBP-3 and the presence or severity of NALFD. To further evaluate the
role of adiposity, insulin resistance or diabetes in associations between IGF-1, IGFBP-3 or
IGF-1/IGFBP-3 and NAFLD, we utilized the following additional multivariate models:

a. HOMA-IR as well as age, gender, race/ethnicity, in order to adjust for insulin
resistance.

b. BMI and waist circumference as well as age, gender, race/ethnicity, in order to
adjust for adiposity.

c. A1C% as well as age, gender, race/ethnicity, in order to adjust for diabetes.
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d. BMI, waist circumference, HOMA-IR and A1C%, as well as age, gender, race/
ethnicity, our “fully adjusted model”, in order to test for any association that is
independent of potential confounding by the above factors.

NAFLD was the main outcome variable and was dichotomized as absent or present (mild,
moderate or severe) or modeled as an ordered categorical variable. Odds ratios were
calculated with the lowest quartile of IGF-1, IGFBP-3 or IGF-1/IGFBP-3 serving as the
reference category. To evaluate the association between IGF-1, IGFBP-3 or IGF-1/IGFBP-3
and liver fat grade, we performed ordered logistic regression analysis using the ologit
STATA command with grade of liver fat (1=mild, 2=moderate or 3=severe liver fat) versus
none as the outcome (dependent) variable. We performed a test for effect modification by
adiposity by assessing significance of interaction terms (IGF, IGFBP-3 or IGF-1/IGFBP-3
quartiles × BMI) inserted in the models. Finally, we performed tests for trend for IGF,
IGFBP-3 or IGF-1/IGFBP-3 quartiles (independent variables) and presence/absence of
NAFLD or NAFLD severity (dependent variables) with above adjustments. In order to
assess potential selection bias in our findings, we compared those subjects with an
interpretable ultrasound who fasted overnight (n=5481) and non-fasting subjects with an
interpretable ultrasound (n=4659) after making exclusions for positive hepatitis status,
possible iron overload, excessive alcohol intake, pregnancy and use of glucose-lowering
medications. Per the NHANES protocol, households were randomly assigned to a morning
versus an afternoon/evening exam time. Analyses were performed using STATA SE 12
(College Station, TX). All analyses were performed using survey commands to account for
sampling weights and the complex survey design stratum and cluster. A p-value of <0.05
was considered statistically significant.

RESULTS
Of the 4172 adults included in this analysis, approximately 33% (n=1390) had NAFLD.
Unadjusted analyses are presented in Tables 1 and 2. The amount of liver fat by ultrasound
was positively associated with age, BMI, waist circumference, HOMA-IR, A1C%, presence
of diabetes and Mexican-Hispanic race/ethnicity and was negatively associated with IGF-1,
IGF-1/IGBP-3 and Black race/ethnicity. Liver fat grade was not associated with IGFBP-3
levels (Table 1).

Higher IGF-1 quartiles were associated with male sex, younger age, lower BMI, lower waist
circumference, lower HOMA-IR, lower A1C%, absence of diabetes, absence of NAFLD and
race/ethnicity other than Mexican-Hispanic (Table 2). Higher IGFBP-3 quartiles were
associated with younger age, lower waist circumference, lower A1C%, White race/ethnicity,
and race/ethnicity other than Mexican-Hispanic or Black. Higher IGF-1/IGFBP-3 quartiles
were associated with male sex, younger age, Black race/ethnicity, lower BMI, lower waist
circumference, lower HOMA-IR, lower A1C%, absence of diabetes, and absence of
NAFLD.

In unadjusted logistic regression analyses, increasing serum IGF-1 quartile was associated
with a declining trend in odds of NAFLD (Table 3). These associations remained
statistically significant within the upper two IGF-1 quartiles after adjustment for age,
gender, race/ethnicity and additionally A1C%. However, adjustment for HOMA-IR or BMI
and waist circumference in place of A1C% resulted in loss of significance between IGF-1
quartile and odds of NAFLD. Further analyses considered IGFBP-3 and IGF-1/IGFBP-3
quartiles in relation to NAFLD prevalence. Serum IGFBP-3 quartile was not associated with
odds of NAFLD in crude or adjusted models (Table 3). In unadjusted logistic regression
analyses, increasing IGF-1/IGFBP-3 quartile was associated with a significant declining
trend in odds of NAFLD (Table 3). These associations remained significant after adjustment
for age, gender, race/ethnicity and A1C%. The association between IGF-1/IGFBP-3 quartile
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and NAFLD became non-significant after additional adjustment for BMI and waist
circumference and in all but the highest quartile after adjustment for HOMA-IR (Q4:
p=0.032). In fully adjusted (waist circumference, BMI, HOMA and A1C%, age, gender,
race/ethnicity) models, there was no significant association between level of IGF-1,
IGFBP-3 or IGF-1/IGFBP-3 and the presence of NAFLD. There was no significant effect
modification by BMI for the association between IGF-1 or IGF/IGFBP-3 quartiles and
presence of NAFLD.

The test for trend of the inverse relationship between IGF-1 or IGF-1/IGFBP-3 quartiles and
NAFLD remained significant after adjustment for age, gender, race/ethnicity and additional
adjustment for HOMA (p=0.04 and p=0.03, respectively) and A1C% (p=0.02 and p<0.01,
respectively), but was lost after additional adjustment for adiposity. The test for trend was
not significant in the fully adjusted model. The test for trend between IGFBP-3 quartile and
NAFLD was not significant in any model.

The upper two IGF-1 quartiles were inversely associated with severity of NAFLD in ordered
logistic regression analyses adjusted for age, gender, race/ethnicity and additionally for A1C
%. These associations became non-significant in all quartiles after additional adjustment for
waist circumference and BMI, but remained significant in the highest quartile after
adjustment for HOMA-IR (Table 4, p=0.04). All IGF-1/IGFBP-3 quartiles were inversely
associated with severity of NALFD in ordered logistic regression analyses adjusted for age,
gender, race/ethnicity and after additional adjustment for A1C%. These associations
remained significant in the upper two IGF-1/IGFBP-3 quartiles after additional adjustment
for HOMA-IR and in the highest IGF-1/IGFBP-3 quartile after adjustment for BMI and
waist circumference (Table 4).

The test for trend of the inverse relationship between severity of NAFLD and IGF-1 or
IGF-1/IGFBP-3 quartiles remained significant after adjustment for age, gender, race/
ethnicity and additional adjustment for HOMA-IR (p=0.03 and p<0.01 for IGF-1 and IGF-1/
IGFBP-3, respectively) and A1C% (p<0.01 for both IGF-1 and IGF-1/IGFBP-3). The test
for trend for the inverse relationship between severity of NAFLD and IGF-1/IGFBP-3
quartiles remained marginally significant after additional adjustment for BMI and waist
circumference (p=0.04), but was no longer significant for IGF-1. The test for trend between
severity of NAFLD and IGFBP-3 quartile was not significant in any model. Furthermore,
the test of trend of the inverse relationship between severity of NAFLD and IGF-1 or IGF-1/
IGFBP-3 quartile was not significant in any fully adjusted model.

The comparison of subject characteristics between those with an interpretable ultrasound
who fasted overnight and the non-fasting subjects with an interpretable ultrasound who were
excluded from these analyses showed that, on average, those in the fasting group as
compared to those in the non-fasting group were slightly older (average age of 43 versus 39
years old, p<0.01), had a higher BMI (average BMI was 26.6 versus 25.7 p=0.02) and had
some differences in race/ethnicity (the fasting group had a higher percentage of white and
fewer black subjects than the non-fasting group, p=0.03).

DISCUSSION
Previous studies have found a significant relationship between IGF-1 and liver fat 5–9,14,
suggesting that the GH-IGF-1 axis may play an important role in the pathophysiology of
NAFLD. In this large, U.S. population-based multi-ethnic cross-sectional study, we noted a
strong trend, in the OR for presence or severity of NAFLD across quartiles of IGF-1 and
IGF-1/IGFBP-3, after adjusting for age, gender, race/ethnicity and A1C%. However, these
associations became non-significant after further adjustment for waist circumference and
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BMI. The strongest association and most robust trend in adjusted models were seen between
severity of liver fat and IGF-1/IGFBP-3 quartile. Despite confounding attributable to
adiposity’s strong positive relationship with NAFLD and its inverse relationship with IGF-1/
IGFBP-3 level, an independent association remained between the highest IGF-1/IGFBP-3
level and mildest NAFLD after adjustment for BMI and waist circumference. This finding
suggests that there may still be an important underlying etiological connection between the
GH-IGF-1 axis and hepatic steatosis. However, in all fully adjusted models this association
and trend were not significant, highlighting the importance of metabolic factors (related to
glucose homeostasis and adiposity) in this relationship.

The complex interaction of the GH-IGF-1 axis and its relationship to the pathophysiology of
hepatic steatosis is not yet clear. In those with GH deficiency, glucose tolerance and insulin
sensitivity temporarily worsen and then improve with GH replacement, concurrent with
favorable effects on free fatty acid metabolism 28,29 as well as changes in body composition
such as increased muscle mass and decreased fat mass 30. Conversely, states of GH excess
are accompanied by glucose intolerance and insulin resistance despite increased IGF-I
levels 28. While some suggest NAFLD and hepatic insulin resistance may modulate
circulating IGF-I levels 5, the reverse hypothesis is also possible 31. Both GH and IGF-1
have been shown to prevent NASH in growth-hormone deficient rodent models 4 and
treatment with GH improves NASH in GH deficient adult humans 4. It is not clear if the
observed reduction in liver fat associated with GH replacement in adults with GH deficiency
is mediated indirectly by circulating IGF-1, by direct effects of GH 31 or by another
mechanism related to changes in body composition (decreased fat and increased lean
mass 30) and insulin sensitivity 3,4.

Our findings suggest that circulating IGF-1 and IGF-1/IGFBP-3 levels are related to
presence of NAFLD through confounding by age, gender, ethnicity, insulin resistance and
adiposity. Adiposity may affect IGF-1 levels by decreasing binding protein levels (some of
which were not measured in this study) 32 and by modifying the ghrelin (a GH
secretagogue) / obestatin ratio 33. Although findings regarding the relationship between
adiposity and IGF-1 level are mixed, most epidemiological studies show an inverse
relationship between IGF-1 and measures of adiposity 34. Lower IGF-1/IGFBP-3 has been
associated with obesity, diabetes and other components of metabolic disease in the
NHANES III population and other epidemiological studies 34–37.

Although model adjustment for measures of adiposity affected the significance of the
association between IGF-1 quartile and odds of liver fat, we noted no significant statistical
interaction between adiposity and the association between NAFLD and IGF-1 quartile in
these models. That is, the non-association (or marginal association) between IGF-1 quartile
and odds of liver fat in adiposity-adjusted models is expected to hold at all levels of
adiposity within the subjects’ BMI range. Findings of another study showed that a
significant relationship between IGF-1 and liver fat existed even at extreme adiposity.
Serum IGF-1 level was found to be inversely associated with degree of hepatic steatosis on
liver biopsy in 36 morbidly obese (BMI ≥ 40 kg/m2) patients awaiting bariatric surgery 7. In
contrast, two other studies of biopsy proven-NAFLD patients found no significant difference
in IGF-1 levels by amount of liver fat but did observe an inverse association with
fibrosis 6,14. These studies were limited by their small size (n= 92 and 55 respectively) and
lack of adjustment for confounders such as adiposity, glycemia and insulin resistance. Thus,
our study, which included a large number of subjects and adjusted for the main IGF-1
binding protein and confounders, confirmed only a weak association between degree of liver
fat and IGF-1.
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Our study contrasts with two other similarly large cross-sectional studies: the West
Pomeranian study (n=3863) and the CATAMERI study (n=503). The West Pomeranian
study was a population-based study in Germany 8 that examined the relationship between
IGF-1/IGFBP-3 and severity of liver fat by ultrasound. They found that presence of hepatic
steatosis by ultrasound was associated with lower IGF-1 and IGF-1/IGFBP-3 levels after
adjusting for age, sex, BMI, waist circumference and presence of diabetes. Their findings
differ from ours for several possible reasons. In addition to including subjects on diabetes
medications (an exclusion in our study because of possible medication effects on liver fat),
the West Pomeranian study used alternate statistical methodology. They modeled IGF-1 and
IGF-1/IGFBP-3 as dependent categorical variables, BMI and waist circumference as
categorical independent variables, did not adjust for insulin sensitivity, and defined
outcomes based on presence or absence of ALT elevations with or without evidence of
sonographic liver fat. Additionally, our population-based sample was inclusive of multiple
ethnicities, whereas the West Pomeranian study presumably included only Caucasian
subjects of German ethnicity.

The smaller Italian CATAMERI study also found significantly lower IGF-1 levels in
individuals with sonographic evidence of NAFLD after adjusting for age, gender and BMI 5.
In contrast to our sampled population, the CATAMERI study specifically enrolled subjects
with at least one risk factor for diabetes or cardiovascular disease. Additionally, in their
statistical models, the CATMERI study did not report IGF-1/IGFBP-3, an indicator of
bioavailable IGF-1 hormone levels, nor IGF binding protein levels. These differences in
exclusion criteria and laboratory methods may have contributed to the dissimilarity of our
findings.

A major strength of our study is its large, nationally representative sample inclusive of
diverse ethnic/racial groups, thereby allowing for generalizability of our findings. Our study
has several potential weaknesses. Cross-sectional analyses does not allow for examination of
temporal sequence, and therefore no causal assessment can be made in this study.
Approximately half of the subjects with interpretable ultrasounds were excluded as they
were nonfasting and did not have blood samples measured for IGF-1. Despite the fact that
morning vs. afternoon/evening exams were randomized by household, there was a small but
statistically significant difference in age, BMI and ethnicity between the fasting and non-
fasting groups. This may have introduced a selection bias in our results. However, because
these differences were of small magnitude, but statistically significant due to the large
NHANES sample size, the potential for bias is unlikely. The use of sonographic techniques
for assessment of liver fat is not as sensitive as CT or magnetic resonance spectroscopy to
detect lower levels of liver fat 38, but such techniques and the more invasive liver biopsy are
simply not feasible for large cross-sectional studies. Despite lower sensitivity, the
prevalence of some degree of hepatic steatosis in this large US population-based sample,
within a dataset now more than 20 years old, was nearly a third and is likely to be even
higher now.

In summary, we found that among a large population of adults including different racial/
ethnic minorities, the association between IGF-1 or IGF-1/IGFBP-3 and presence of liver fat
is explained by factors, namely age, sex, and adiposity. Our findings do not support a direct
role for the GH-IGF-1/IGFBP-3 axis in the pathophysiology of NAFLD.
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