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Abstract

Context: It is assumed that hepatic steatosis plays a role in the development and progression of the
metabolic syndrome and its cardiovascular sequelae. Low serum IGF1 levels might mediate these
associations.
Objectives: The aims of this study were i) to investigate the associations of hepatic steatosis with serum
IGF1 and IGF binding protein-3 (IGFBP-3) levels using ultrasound and serum alanine aminotransa-
minase (ALT) data to define hepatic steatosis, and ii) to analyze the specific role of alcohol consumption
in this context.
Design: We analyzed data from the population-based Study of Health in Pomerania.
Methods: We used data from 3863 subjects (1971 women) aged 20–79 years who had no history of
viral hepatitis, liver cirrhosis, or malignant diseases. Liver hyperechogenicity was diagnosed using
ultrasound. Serum IGF1 and IGFBP-3 levels were determined by automated two-site chemi-
luminescence immunoassays.
Results: Hyperechogenic liver pattern was associated with low serum IGF1 levels and low serum
IGF1/IGFBP-3 ratios. The lowest serum IGF1 and IGF1/IGFBP-3 values and highest IGFBP-3 levels
were present in subjects who had a hyperechogenic liver pattern and increased serum ALT levels. All of
these associations were independent of alcohol consumption.
Conclusions: Our data show that hepatic steatosis is associated with low serum IGF1 levels. This
association is independent of alcohol consumption.
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Introduction

There is accumulating evidence that hepatic steatosis is
tightly associated with several metabolic (1–5) and
cardiovascular disorders (6–8). In the majority of
previous epidemiological studies the definition of the
exposure variable was based exclusively on serum
markers of hepatic steatosis including g-glutamyl
transpeptidase (GGT). Although the relationship
between intracellular GGT and serum GGT levels has
not been fully elucidated, it is assumed that high serum
GGT levels are a marker of oxidative stress (9). The
specificity of serum GGT levels for non-alcoholic hepatic
steatosis is further limited by the fact that serum GGT
levels are often related to alcohol consumption. While
invasive liver biopsy as the gold standard to diagnose
hepatic steatosis is not suitable for epidemiological
research, both serum alanine aminotransaminase
(ALT) levels and liver ultrasound, for which a relatively
high sensitivity and specificity to diagnose hepatic
ndocrinology
steatosis have been demonstrated (10, 11), might be
used as sufficient approximation to define hepatic
steatosis in population research. However, epidemiolo-
gical studies that included serum ALT levels and hepatic
ultrasound on the one hand as well as intense
cardiometabolic characterization of their subjects on
the other hand are scant.

Animals with liver-specific insulin-like growth factor-
1 (IGF1) gene deletion are characterized by insulin
resistance and hyperinsulinemia (12, 13). Low serum
IGF1 levels are also associated with determinants of the
metabolic syndrome including insulin resistance, serum
leptin levels, waist-to-hip ratio, and type 2 diabetes
mellitus (14–18). Moreover, low baseline levels of serum
IGF1 predict an increased risk of fatal coronary events
(19). IGF1 substitution leads to a decrease in body fat
and serum–insulin concentrations and an increase in
lean body mass (20). Since serum IGF1 is mainly
produced in the liver (21), a hypothetical decrease in
serum IGF1 levels in individuals with hepatic steatosis
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would represent a common pathway linking hepatic
steatosis to the metabolic syndrome and atherosclerosis.
Experimental evidence suggests that hepatic steatosis
following high-calorie total parenteral nutrition reduces
the abundance of hepatic IGF1 mRNA (22). The
question of whether hepatic steatosis is associated
with decreased serum IGF1 levels in humans has not
yet attracted sufficient attention.

In the circulating blood, most of the IGF1 is bound to
serum IGF binding protein-3 (IGFBP-3), which therefore
lowers the bioavailability of IGF1 (23). Increased serum
IGFBP-3 levels have been reported from experimental
hepatic steatosis models (22) and might intensify
biological effects of IGF1 deficiency in liver disorders.
As with IGF1, the association between serum IGFBP-3
levels and hepatic steatosis is currently not well
documented in human populations.

The aims of the present study were i) to investigate
the associations between hepatic steatosis and serum
IGF1 as well as IGFBP-3 levels using ultrasound and
serum ALT levels to define hepatic steatosis and ii) to
analyze the specific role of alcohol consumption in this
context. To achieve these aims, we utilized data from the
population-based Study of Health in Pomerania (SHIP).
Methods

Study population

SHIP is a cross-sectional population-based study in West
Pomerania, a region in the northeast of Germany. Study
details are given elsewhere (7, 24). In brief, the total
population comprised 212 157 inhabitants. A sample
from the population aged 20–79 years was drawn. The
sample was selected using population registries, where
all German inhabitants are registered. Only individuals
with German citizenship and principal residency in the
study area were included. The net sample (after
exclusion of migrated or deceased persons) comprised
6267 eligible subjects. The SHIP population finally
comprised 4310 participants (2193 women), corre-
sponding to a final response of 68.8%. The study was
reviewed by a board of independent scientists and
approved by the Ethics Committee of the University of
Greifswald. All participants gave written informed
consent.

A total of 447 (221 women) subjects were excluded
from the study for either variables that might have
biased the present study or missing data on liver
ultrasound or serum IGF1 or IGFBP-3 levels. Since
some individuals met more than one exclusion
criterion, the following numbers total to more than
4310 subjects (2193 women). There were 55 subjects
(24 women) seropositive for hepatitis B virus (HBsAg) or
hepatitis C virus (anti-HCV) or with previous history
of hepatitis or liver cirrhosis. Additionally, 37 subjects
(15 women) reported a history of malignant disease,
www.eje-online.org
and 18 women were pregnant. Among the remaining,
45 subjects (22 women) had missing liver ultrasound
or uncertain sonographic liver echogenicity. All of
these participants and an additional 297 subjects
(143 women) with no blood drawn or missing data on
serum IGF1 or ALT for other reasons were excluded
from this study. This resulted in a study population of
3863 subjects (1971 women) available for the present
analysis.
Measurements

Socio-demographic and medical characteristics were
assessed by computer-assisted personal interviews.
Diabetes mellitus was defined as a self-reported
physician’s diagnosis of diabetes. Alcohol intake during
the previous week was used as a proxy for general
intake, and the mean daily alcohol consumption was
calculated using beverage-specific pure ethanol volume
proportions (25). Regarding the mean daily alcohol
consumption, subjects were divided into two categories
(!20 and R20 g/day). Height and weight were
measured for the calculation of the body mass index
(BMIZweight (kg)/height2 (m2)). Overweight was
defined as a BMI of R25 kg/m2 and obesity as a
BMI of R30 kg/m2. We used waist circumference as
an indicator of abdominal obesity. The cut-off points
for waist circumference were O102 cm in men and
O88 cm in women (26).

Non-fasting blood samples were drawn from the
cubital vein in the supine position. The two analytical
laboratories involved in this study participated at least
semiannually in the official national German tests for
quality assurance. In addition, internal quality
materials were analyzed daily. Serum liver enzyme
levels were measured photometrically (Hitachi 704,
Roche). Serum liver enzyme levels exceeding the upper
reference limit recommended by the manufacturer
(aspartate aminotransaminase, AST: 0.62 mmol/l per s
in men and 0.52 mmol/l per s in women; ALT:
0.67 mmol/l per s in men and 0.52 mmol/l per s in
women; GGT: 0.82 mmol/l per s in men and 0.53 mmol/l
per s in women) were considered increased. The mean
corpuscular volume (MCV) of the erythrocytes was
determined by measurements of electrical resistance
(Coulter Electronics, Hialeah, FL, USA). Serum levels of
carbohydrate-deficient transferrin (CDT) were measured
by an immunoassay (Cobas Mira, Roche). Markers of
HBsAg and anti-HCV infection were analyzed by ELISAs
(AxSym HBSAG and AxSym HCV, Abbott).

Serum IGF1 and IGFBP-3 levels were determined by
automated two-site chemiluminescence immunoassays
(Nichols Advantage; Nichols Institute Diagnostica
GmbH, Bad Vilbel, Germany). All serum samples were
acidified to separate IGF1 from IGFBPs. The analytical
sensitivity of the IGF1 assay was 6 ng/ml, the intra-
assay imprecision within the range of 63–766 ng/ml
was 4.8%, and inter-assay imprecision within the range
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of 62–811 ng/ml was 6.7%. The IGF1 assay has been
calibrated against the World Health Organization
International Reference Reagent 1988, IGF1 87/518.
Serum IGF1 levels below the 25th percentile were
considered decreased. The analytical sensitivity of the
IGFBP-3 assay was 20 ng/ml. The intra- and inter-assay
imprecisions within the range of 227–2703 ng/ml were
5.8 and 11%, respectively. The assay reference standard
was analytically prepared with glycosylated recombi-
nant human IGFBP-3. Only one lot of reagents was used
for all IGFBP-3 measurements. Increased serum IGFBP-
3 concentrations were defined as levels above the 75th
percentile. The serum IGF1/IGFBP-3 ratio was calcu-
lated, and values below the 25th percentile were
considered decreased.

Trained physicians examined the liver using a 5 MHz
transducer and a high-resolution instrument (Vingmed
VST Gateway, Santa Clara, CA, USA). The sonographers
were unaware of the participants’ clinical and labora-
tory characteristics. A hyperechogenic pattern was
defined as the presence of an ultrasonographic pattern
of a bright liver, with evident contrast between hepatic
and renal parenchyma (27, 28).
Statistical analyses

The study population was divided into four categories
using ultrasound findings and laboratory data (29).
Categories 1 and 2 included subjects without hyper-
echogenic liver pattern without (1) and with increased
serum ALT levels (2). Categories 3 and 4 included
subjects with hyperechogenic liver pattern without (3)
and with increased serum ALT levels (4). Data on
quantitative characteristics are expressed as median
(25th and 75th percentiles). Data on qualitative
characteristics are expressed as percent values or
Table 1 Selected characteristics of subjects with different combina
findings.

UltrasoundKALTK Ultraso

n 2400 290
Sex (male) 41.1% 62.8%
Age (years) 46 (34; 62) 40 (31;
BMI (kg/m2) 25.4 (22.7; 28.4) 27.4 (25
BMIR25 kg/m2 37.9% 54.5%
BMIR30 kg/m2 15.5% 22.4%

Increased waist* 19.2% 26.6%
Diabetes mellitus 3.9% 5.5%
Alcohol consumption R20 g/day 26.8% 40.8%
MCV (mm3) 90.0 (87.5; 92.4) 90.0 (88
Serum CDT (%) 4.60 (3.86; 5.50) 4.40 (3.7
Serum ALT levels (mmol/l per s) 0.32 (0.25; 0.42) 0.76 (0.6
Serum AST levels (mmol/l per s) 0.30 (0.26; 0.35) 0.44 (0.3
Serum GGT levels (mmol/l per s) 0.27 (0.20; 0.40) 0.57 (0.3
Serum IGF1 (ng/ml) 141 (110; 180) 144 (116
Serum IGFBP-3 (mg/ml) 1.90 (1.60; 2.18) 1.99 (1.6
IGF1/IGFBP-3 ratio 0.076 (0.061; 0.092) 0.074 (0

Data are given as percentage or median (25th; 75th quartile). *O102 cm in men
CDT, carbohydrate deficient transferrin; ALT, alanine aminotransaminase; A
insulin-like growth factor; IGFBP, insulin-like growth factor binding protein.
absolute numbers as indicated. Multivariable statistical
analyses were performed using ANOVA (continuously
distributed dependent variables) or logistic regression
analysis (dichotomized-dependent variables). Adjusted
means and odds ratios and their 95% confidence
intervals (95% CI) are given. A value of P!0.05 was
considered statistically significant. All statistical
analyses were performed with SPSS software, version
14.0.1 (SPSS GmbH Software, Munich, Germany).
Results

There were 1173 subjects (30.4%) with hyperechogenic
pattern of the liver on ultrasound (Table 1). Of these,
706 subjects (60.2%) had serum ALT levels within the
reference range, and 467 subjects (39.8%) had
increased serum ALT levels. Among the 2690 subjects
(69.6%) without a hyperechogenic pattern of the liver,
2400 (89.2%) had serum ALT levels within the
reference range, and 290 subjects (10.8%) had
increased serum ALT levels.

There were several differences in demographic and
clinical characteristics between subjects with and
without liver hyperechogenicity (Table 1). Thus, the
former were older, had a higher BMI, and more
frequently increased waist circumferences than the
latter. As a group, subjects with liver hyperechogenicity
had higher proportions of male, obese, and diabetic
individuals respectively. Furthermore, subjects with
liver hyperechogenicity had lower serum IGF1 levels
and IGF1/IGFBP-3 ratios than subjects without liver
hyperechogenicity. The two groups did not differ
significantly with respect to serum IGFBP-3 levels.

Age- and sex-adjusted analyses confirmed that
subjects with hyperechogenic liver pattern had lower
tions of ultrasound and serum alanine aminotransaminase (ALT)

undKALTC UltrasoundCALTK UltrasoundCALTC

706 467
56.5% 69.6%

53) 62 (52; 71) 53 (43; 61)
.2; 29.8) 29.3 (26.5; 32.1) 30.3 (27.6; 33.6)

41.6% 40.3%
43.5% 53.0%
49.5% 59.5%
16.5% 16.1%
29.5% 50.0%

.0; 92.9) 90.0 (87.7; 93.0) 91.0 (88.2; 93.9)
2; 5.41) 4.50 (3.74; 5.48) 4.60 (3.78; 5.60)
6; 0.90) 0.41 (0.34; 0.49) 0.86 (0.72; 1.11)
8; 0.53) 0.33 (0.28; 0.38) 0.50 (0.42; 0.63)
7; 0.91) 0.39 (0.29; 0.63) 0.77 (0.48; 1.42)
; 190) 113 (88; 148) 111 (87; 143)
5; 2.30) 1.78 (1.46; 2.13) 1.93 (1.52; 2.30)
.060; 0.094) 0.064 (0.052; 0.082) 0.060 (0.047; 0.073)

, O88 cm in women. BMI, body mass index; MCV, mean corpuscular volume;
ST, aspartate aminotransaminase; GGT, g-glutamyl transpeptidase; IGF,
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Table 2 Association between liver disorders and serum insulin-like growth factor-1 (IGF1) levels.

UltrasoundKALTK UltrasoundKALTC UltrasoundCALTK UltrasoundCALTC

Serum IGF1; ng/ml, adjusted for age and sex 146 (145; 149) 143 (138; 149) 138 (134; 142)* 123 (119; 128)*
Serum IGF1; ng/ml, adjusted for age, sex,

BMI, increased waist, and diabetes
146 (143; 150) 143 (137; 149) 138 (134; 143)* 124 (119; 129)*

Serum IGF1; ng/ml, adjusted for age, sex,
BMI, increased waist, diabetes,
and alcohol use

145 (142; 149) 142 (136; 149) 137 (133; 142)* 124 (119; 129) *

Serum IGF1; ng/ml, adjusted for age, sex,
BMI, increased waist, diabetes, alcohol
use, and IGFBP-3

147 (144; 151) 143 (137; 148) 138 (135; 144)* 133 (127; 139)*

Decreased serum IGF1, adjusted for
age and sex

1.0 (reference) 1.41 (0.99; 1.99) 1.53 (1.26; 1.87)* 2.99 (2.36; 3.78)*

Decreased serum IGF1, adjusted for
age, sex, BMI, increased waist,
and diabetes

1.0 (reference) 1.41 (0.99; 2.00) 1.46 (1.19; 1.80)* 2.78 (2.16; 3.57)*

Decreased serum IGF1, adjusted for
age, sex, BMI, increased waist,
diabetes, and alcohol use

1.0 (reference) 1.39 (0.98; 1.98) 1.46 (1.19; 1.80)* 2.71 (2.10; 3.49)*

Decreased serum IGF1, adjusted for age,
sex, BMI, alcohol use, increased waist,
diabetes, and IGFBP-3

1.0 (reference) 1.37 (0.92; 2.02) 1.63 (1.30; 2.04)* 3.74 (2.82; 4.96)*

*P!0.05 compared with subjects without hyperechogenic liver pattern and ALT levels within the reference range; ANOVA (serum IGF1 levels) and logistic
regression (decreased serum IGF1 levels). Data are given as adjusted mean (95% confidence interval) and odds ratio (95% confidence interval). Serum IGF1
levels below the 25th percentile were considered decreased. ALT, alanine aminotransaminase; BMI, body mass index, IGF, insulin-like growth factor.
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serum IGF1 levels than subjects with no liver disorders,
with subjects with hyperechogenic liver pattern and
increased serum ALT levels showing the lowest IGF1
values (Table 2). Additional adjustments for BMI,
increased waist circumference, diabetes, alcohol con-
sumption, and serum IGFBP-3 levels did not substan-
tially change these results. Logistic regression analyses
using decreased serum IGF1 levels as dichotomized-
dependent variables yielded similar results. Subjects
with liver hyperechogenicity had higher odds for
decreased serum IGF1 levels than subjects without
Table 3 Association between liver disorders and serum insulin-like g

UltrasoundKALTK Ul

Serum IGFBP-3; mg/ml, adjusted for age
and sex

1.85 (1.83; 1.87) 1.9

Serum IGFBP-3; mg/ml, adjusted for
age, sex, BMI, increased waist,
and diabetes

1.82 (1.79; 1.86) 1.8

Serum IGFBP-3; mg/ml, adjusted for
age, sex, BMI, increased waist,
diabetes, and alcohol use

1.84 (1.80; 1.87) 1.8

Increased serum IGFBP-3; mg/ml,
adjusted for age and sex

1.0 (reference) 1.7

Increased serum IGFBP-3; mg/ml,
adjusted for age, sex, BMI, increased
waist, and diabetes

1.0 (reference) 1.6

Increased serum IGFBP-3; mg/ml,
adjusted for age, sex, BMI, increased
waist, diabetes, and alcohol use

1.0 (reference) 1.6

*P!0.05 compared with subjects without hyperechogenic liver pattern and ALT
regression (decreased serum IGFBP-3 levels). Data are given as adjusted mea
IGFBP3 levels above the 75th percentile were considered increased. ALT, ala
factor binding protein.

www.eje-online.org
liver hyperechogenicity. Among subjects with hyper-
echogenicity, those with increased serum ALT levels had
the highest odds for decreased IGF1 levels (Table 2).

In contrast to serum IGF1 levels, serum IGFBP-3
levels were not consistently significantly affected in
subjects with liver hyperechogenicity (Table 3). Over all
models, only subjects with both liver hyperechogenicity
and increased serum ALT levels had higher serum
IGFBP-3 levels and higher odds for increased serum
IGFBP-3 levels relative to subjects without these liver
findings.
rowth factor binding protein-3 (IGFBP-3) levels.

trasoundKALTC UltrasoundCALTK UltrasoundCALTC

1 (1.86; 1.96) 1.89 (1.86; 1.93)* 1.97 (1.93; 2.02)*

7 (1.81; 1.93) 1.86 (1.82; 1.90) 1.93 (1.88; 1.98) *

8 (1.82; 1.94)* 1.87 (1.83; 1.91) 1.94 (1.89; 1.99)*

5 (1.33; 2.30)* 1.47 (1.17; 1.84)* 2.13 (1.68; 2.70)*

6 (1.25; 2.19)* 1.37 (1.08; 1.73)* 1.98 (1.54; 2.55)*

5 (1.25; 2.18)* 1.37 (1.08; 1.72)* 1.95 (1.51; 2.52)*

levels within the reference range; ANOVA (serum IGFBP-3 levels) and logistic
n (95% confidence interval) and odds ratio (95% confidence interval). Serum
nine aminotransaminase; BMI, body mass index, IGFBP, insulin-like growth
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Table 4 Association between liver disorders and serum insulin-like growth factor-1 (IGF1)/IGF binding protein -3 (IGFBP-3) ratio.

UltrasoundKALTK UltrasoundKALTC UltrasoundCALTK UltrasoundCALTC

IGF1/IGFBP-3 ratio, adjusted for
age and sex

0.082 (0.080; 0.083) 0.081 (0.076; 0.085) 0.076 (0.073; 0.079)* 0.065 (0.061; 0.068)*

IGF1/IGFBP-3 ratio, adjusted for
age, sex, BMI, increased waist,
and diabetes

0.082 (0.080; 0.085) 0.082 (0.077; 0.087) 0.077 (0.074; 0.081)* 0.066 (0.062; 0.070)*

IGF1/IGFBP-3 ratio, adjusted for age,
sex, BMI, increased waist, diabetes,
and alcohol use

0.081 (0.078; 0.084) 0.081 (0.076; 0.086) 0.076 (0.072; 0.080)* 0.066 (0.062; 0.070)*

Decreased IGF1/IGFBP-3 ratio, adjusted
for age and sex

1.0 (reference) 1.47 (1.06; 2.05)* 1.82 (1.48; 2.23)* 4.42 (3.49; 5.58)*

Decreased IGF1/IGFBP-3 ratio, adjusted
for age, sex, BMI, increased waist,
and diabetes

1.0 (reference) 1.43 (1.02; 2.00)* 1.74 (1.40; 2.15)* 4.07 (3.17; 5.24)*

Decreased IGF1/IGFBP-3 ratio, adjusted
for age, sex, BMI, increased waist,
diabetes, and alcohol use

1.0 (reference) 1.39 (0.99; 1.95) 1.72 (1.39; 2.13)* 3.86 (3.00; 4.97)*

*P!0.05 compared with subjects without hyperechogenic liver pattern and ALT levels within the reference range; ANOVA (IGF1/IGFBP-3 ratio) and logistic
regression (decreased IGF1/IGFBP-3 ratio). Data are given as adjusted mean (95% confidence interval) and odds ratio (95% confidence interval).
An IGF1/IGFBP-3 ratio below the 25th percentile was considered decreased. ALT, alanine aminotransaminase; BMI, body mass index, IGF, insulin-like growth
factor, IGFBP, insulin-like growth factor binding protein.
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Analyses using serum IGF1/IGFBP-3 ratio as the
dependent variable yielded results similar to those
obtained with analyses using serum IGF1 levels as the
dependent variable (Table 4). Subjects with liver
hyperechogenicity had lower serum IGF1/IGFBP-3
ratios than subjects without liver hyperechogenicity,
with subjects with increased serum ALT levels having
the lowest values. Subjects with liver hyperechogeni-
city also had higher odds for decreased IGF1/IGFBP-3
ratios than subjects without liver hyperechogenicity.
Similar to the previous findings, subjects with liver
hyperechogenicity and increased serum ALT levels
had the highest odds for decreased IGF1/IGFBP-3
ratios (Table 4).

We repeated all multivariable analyses after stratify-
ing the study population into subjects with alcohol
consumption of !20 g/day (nZ2657) and R20 g/day
Table 5 Association between liver disorders and serum insulin-like gr
!20 and R20 g/day respectively.

UltrasoundKALTK Ultra

Alcohol consumption !20 g/day
Serum IGF1; ng/ml, adjusted for age,
sex, BMI, increased waist, diabetes,
and IGFBP-3

151 (147; 155) 150

Decreased serum IGF1, adjusted
for age, sex, BMI, increased waist,
diabetes, and IGFBP-3

1.0 (reference) 1.75

Alcohol consumption R20 g/day
Serum IGF1; ng/ml, adjusted for age,
sex, BMI, increased waist, diabetes,
and IGFBP-3

146 (139; 153) 136

Decreased serum IGF1, adjusted for
age, sex, BMI, increased waist,
diabetes, and IGFBP-3

1.0 (reference) 0.86

*P!0.05 compared with subjects without hyperechogenic liver pattern and ALT
regression (decreased serum IGF1 levels). Data are given as adjusted mean (95
levels below the 25th percentile were considered decreased. ALT, alanine amin
(nZ1206) respectively. The relationship between
hyperechogenicity and low serum IGF1 levels was
present in both subgroups and was again strongest for
the comparison between subjects with hyperechogenic
liver pattern and increased serum ALT levels and
subjects without liver disorders (Table 5). There were
also no consistently different results between subjects
with more or less alcohol consumption with respect to
serum IGFBP-3 levels (Table 6). Analyses also arrived at
similar results in both groups when the serum
IGF1/IGFBP-3 ratio was used as an alternative
dependent variable (Table 7).

In sensitivity analyses, we replaced information on
alcohol consumption by serum values of CDT,
AST/ALT ratio or MCV. Using these variables for both
adjustment and stratification did not substantially
affect the major results (data not shown).
owth factor-1 (IGF1) levels in subjects with alcohol consumption of

soundKALTC UltrasoundCALTK UltrasoundCALTC

(143; 157) 143 (138; 147)* 128 (122; 134)*

(1.08; 2.83)* 1.53 (1.17; 1.99)* 3.37 (2.31; 4.91)*

(126; 147)* 134 (125; 143)* 119 (110; 127)*

(0.42; 1.78) 1.93 (1.26; 2.96)* 3.44 (2.20; 5.37)*

levels within the reference range; ANOVA (serum IGF1 levels) and logistic
% confidence interval) and odds ratio (95% confidence interval). Serum IGF1
otransaminase; BMI, body mass index, IGF, insulin-like growth factor.
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Table 6 Association between liver disorders and serum insulin-like growth factor binding protein-3 (IGFBP-3) levels in subjects with alcohol
consumption of !20 and R20 g/day respectively.

UltrasoundKALTK UltrasoundKALTC UltrasoundCALTK UltrasoundCALTC

Alcohol consumption !20 g/day
Serum IGFBP-3; mg/ml, adjusted for
age, sex, BMI, increased waist,
and diabetes

1.80 (1.77; 1.84) 1.83 (1.75; 1.90) 1.84 (1.79; 1.89) 1.97 (1.90; 2.03)*

Decreased serum IGFBP-3, adjusted
for age, sex, BMI, increased waist,
and diabetes

1.0 (reference) 1.59 (1.11; 2.28)* 1.14 (0.86; 1.52) 2.13 (1.52; 2.98)*

Alcohol consumption R20 g/day
Serum IGFBP-3; mg/ml, adjusted for
age, sex, BMI, increased waist,
and diabetes

1.83 (1.76; 1.91) 1.88 (1.77; 1.99) 1.86 (1.77; 1.95) 1.83 (1.75; 1.92)

Decreased serum IGFBP-3, adjusted
for age, sex, BMI, increased waist,
and diabetes

1.0 (reference) 1.65 (1.05; 2.60)* 1.97 (1.28; 3.03)* 1.56 (1.03; 2.34)*

*P!0.05 compared with subjects without hyperechogenic liver pattern and ALT levels within the reference range; ANOVA (serum IGF1 levels) and logistic
regression (decreased serum IGF1 levels). Data are given as adjusted mean (95% confidence interval) and odds ratio (95% confidence interval). Serum
IGFBP-3 levels above the 75th percentile were considered increased. ALT, alanine aminotransaminase; BMI, body mass index, IGFBP, insulin-like growth
factor binding protein.
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Discussion

We studied the relationship of hepatic steatosis with
serum IGF1 and IGFBP-3 levels using data from a
population-based study. Hepatic steatosis as evidenced
by a hyperechogenic liver pattern was associated with
low serum IGF1 levels and low serum IGF1/IGFBP-3
ratios. This relation was observed in subjects with
and without increased serum ALT enzyme levels.
However, the lowest serum IGF1 and IGF1/IGFBP-3
values were present in subjects who had a hyper-
echogenic liver pattern and increased serum ALT
levels. These results indicate that low serum IGF1
levels contribute to the association between
hepatic steatosis and the metabolic syndrome.
Table 7 Association between liver disorders and serum insulin-like gro
with alcohol consumption of !20 and R20 g/day respectively.

UltrasoundKALTK Ultraso

Alcohol consumption !20 g/day
IGF1/IGFBP-3 ratio, adjusted for
age, sex, BMI, increased waist,
and diabetes

0.085 (0.081; 0.088) 0.087 (

Decreased IGF1/IGFBP-3 ratio,
adjusted for age, sex, BMI,
increased waist, and diabetes

1.0 (reference) 1.12 (0

Alcohol consumption R20 g/day
IGF1/IGFBP-3 ratio, adjusted for
age, sex, BMI, increased waist,
and diabetes

0.077 (0.071; 0.083) 0.075 (

Decreased IGF1/IGFBP-3 ratio,
adjusted for age, sex, BMI,
increased waist, and diabetes

1.0 (reference) 1.86 (1

*P!0.05 compared with subjects without hyperechogenic liver pattern and AL
logistic regression (decreased serum IGF1/IGFBP-3 ratio). Data are given as
interval). Serum IGF1/IGFBP-3 ratio values below the 25th percentile were con
IGF, insulin-like growth factor, IGFBP, insulin-like growth factor binding protein

www.eje-online.org
Serum IGFBP-3 levels were also slightly increased in
this group. All of these associations were independent
of alcohol consumption.

The findings of our study are in line with the results
of a smaller clinical study (30) that demonstrated
lower serum IGF1 levels in 34 patients with chronic
liver diseases due to viral hepatitis and 12 healthy
controls. Compared to controls, serum IGF1 levels
were 2.5 times lower in patients with uncomplicated
hepatitis and 8.5 times lower in patients with
histological evidence for liver cirrhosis (30). On the
other hand, hepatic steatosis is also common in
patients with GH deficiency, and GH substitution
might ameliorate hepatic steatosis (31, 32). Thus,
the association between hepatic steatosis and low
wth factor-1 (IGF1)/IGF binding protein-3 (IGFBP-3) ratio in subjects

undKALTC UltrasoundCALTK UltrasoundCALTC

0.080; 0.093) 0.078 (0.074; 0.082)* 0.068 (0.063; 0.074)*

.72; 1.24) 1.47 (1.14; 1.90)* 3.22 (2.30; 4.52)*

0.066; 0.083) 0.075 (0.068; 0.083) 0.065 (0.058; 0.072)*

.09; 3.17)* 2.51 (1.67; 3.77)* 4.38 (2.92; 6.55)*

T levels within the reference range; ANOVA serum IGF1/IGFBP-3 ratio) and
adjusted mean (95% confidence interval) and odds ratio (95% confidence

sidered decreased. ALT, alanine aminotransaminase; BMI, body mass index,
.
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serum IGF1 levels might be bidirectional. Given the
cross-sectional design of our study, we currently
cannot decide whether there might be a cause-and-
effect relation between the two factors.

It is currently believed that only the free form of IGF1
crosses the capillary boundaries to reach the target cells
and is therefore biologically active. The serum
IGF1/IGFBP-3 ratio may represent an approximation
of free serum IGF1 (33). The suitability of serum IGF1
levels versus IGF1/IGFBP-3 ratios to best predict the
metabolic syndrome and its cardiovascular sequelae
remains to be determined. Our results from serum
IGF1/IGFBP-3 ratios paralleled serum IGF1 levels,
suggesting that serum IGFBP-3 levels may not have
an additional predictive value.

In contrast to serum IGF1 levels and IGF1/IGFBP-3
ratios, serum IGFBP-3 levels were increased in subjects
with hyperechogenic liver pattern and increased serum
ALT levels. This observation suggests that IGFBP-3
production by hepatocytes (34) and Kupffer cells (35)
may be less affected or even increased in subjects with
fatty liver. While the exact mechanisms have to be
established by experimental research, one may
hypothesize that the combination of low IGF1 and
high IGFBP-3 in individuals with hepatic steatosis acts
to downregulate the biologically active free IGF1.
However, reverse causality might also be present: the
specific constellation of low serum IGF1 and high
IGFBP-3 levels might have given rise to the highest risk
of developing fatty liver disease.

The association between hepatic steatosis and serum
IGF1 levels was similar in subjects with low and high
daily alcohol consumptions respectively. Also sensitivity
analyses, which were conducted to reduce the risk of
information bias by replacing self-reported alcohol
consumption by objective markers of alcohol misuse,
did not affect the major findings. Intervention studies
demonstrated that both alcohol withdrawal (36) and an
optimized diet with low content of total fat and refined
carbohydrates (37) increases serum IGF1 levels in
treated subjects. Thus, with respect to serum IGF1
levels and probably also with respect to the risk of
metabolic syndrome, the cause of hepatic steatosis
might be less important than hepatic steatosis itself.

Further research is needed to explore the molecular
mechanisms underlying the association between hepa-
tic steatosis and low serum IGF1 levels. It has been
suggested that low serum IGF1 concentrations may
provide inadequate negative feedback control of
hormone release at the level of the hypothalamus or
the pituitary gland resulting in enhanced GH release
(18). In early stages of chronic liver diseases, acquired
GH resistance was observed, which worsened in parallel
with the progression of liver disease (30). This
mechanism, however, has been established only for
clinically manifest viral hepatitis. Evidence for acquired
GH resistance as an explanation for low serum IGF1
levels in mostly subclinical hepatic steatosis is pending.
The population-based design, the large study popu-
lation, and the comprehensive characterization of the
participants are strengths of the present study. Two
limitations have to be considered. First, this investi-
gation shares with others the limitations inherent to
cross-sectional studies. Although the association
between hepatic steatosis and serum IGF1 levels was
strong and robust against various statistical models, the
lack of time sequence precludes a causal interpretation.
Consequently, the clinical relevance of our findings
needs to be corroborated by further research, using data
from longitudinal or intervention studies. Second, we
have collected information on liver hyperechogenicity
as a qualitative variable only. It would be interesting to
see whether the association described herein remains
present over the continuum of fatty liver disease.
Methods like magnet resonance spectroscopy, which
allow quantitative analyses of liver fat, have already
been integrated in epidemiological studies (38), and
may help answer this question in the near future.

We conclude that hepatic steatosis is associated with
low serum IGF1 levels. This association is independent
of alcohol consumption.
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