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Abstract

Although the prevalence of insulin resistance (IR) and compensatory hyperinsulinemia (CH) is increased in patients with nonalcoholic
fatty liver disease, the role of IR/CH in regulation of hepatic fat content in healthy volunteers with normal concentrations of alanine
transaminase (ALT) has not been defined. To address this issue, hepatic fat content was quantified by ultrasound in 69 (30 men, 39 women)
healthy individuals, without known risk factors for liver disease and with plasma ALT concentrations of less than 30 U/L. Experimental
variables quantified included body mass index, waist circumference, systolic and diastolic blood pressures, and fasting plasma glucose,
fasting plasma insulin (FPI), and lipid concentrations. Subjects were classified as having no (55%), mild (27%), or moderate to severe (18%)
hepatic steatosis on the basis of the ultrasound results. Statistically significant (P < .05-.001) correlations (Spearman p values) existed
between liver fat content and ALT (0.26), body mass index (0.52), waist circumference (0.50), systolic blood pressure (0.28), diastolic blood
pressure (0.27), fasting plasma glucose (0.47), FPI (0.56), triglycerides (0.30), and high-density lipoprotein cholesterol (—0.35). Multivariate
general discriminant analysis and multiple linear regression analysis indicated that FPI was the only independent predictor (P <.001) of both
liver fat content and ALT concentrations. Fasting plasma insulin (a surrogate estimate of IR/CH) predicts hepatic fat content and ALT in
healthy volunteers with normal transaminase concentrations, independently of the other anthropometric and metabolic variables measured.
© 2005 Elsevier Inc. All rights reserved.

1. Introduction hepatic fat content and IR/hyperinsulinemia in apparently
healthy individuals as defined by normal transaminase
concentrations. The most common laboratory abnormality
in patients with NAFLD is an increase in aminotransferase
activity, particularly alanine transaminase (ALT), but the
degree of enzyme elevation is not marked [2]. Furthermore,
there is evidence that increases in hepatic fat content can
occur in individuals without manifest liver disease, whose
ALT concentrations are within the normal range [11,12].
Thus, it seemed important to examine the role that IR/
hyperinsulinemia might play in regulation of hepatic fat
content in apparently healthy individuals with normal values
for liver transaminase concentrations. The present study was
initiated to address this issue and was based on the hypo-
thesis that there would be a significant correlation between
IR (assessed by the plasma insulin levels) and both hepatic
fat content and ALT concentrations in apparently healthy
* Corresponding author. individuals with ALT concentrations less than 30 U/L.

Nonalcoholic fatty liver disease (NAFLD) is estimated to
be the most common cause of chronic liver disease in devel-
oped countries, with prevalence rates ranging from 15% to
39% in general population studies [1]. Although neither the
exact etiology of NAFLD nor the factors responsible for its
progression are completely understood, there is substantial
evidence of a strong relationship between NAFLD and the
presence of metabolic abnormalities typically associated with
insulin resistance (IR) syndrome [2-8].

Because most studies examining the relationship between
NAFLD and IR have been performed in patients with
clinical evidence of liver disease [9,10], there is relatively
little information concerning a possible link between
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2. Materials and methods

The experimental population consisted of 69 individuals
(39 women and 30 men) who volunteered to have an echo-
graphic study of their liver. They were recruited during a
follow-up examination of participants in the Barilla Study of
apparently healthy individuals, followed since 1981 to assess
the impact of IR on human disease. To qualify, volunteers had
to be free of a history or clinical evidence of diabetes,
cardiovascular, or liver disease, and had to have a daily
alcohol intake of less than 30 g for men and less than 20 g for
women (calculated by a frequency questionnaire of the usual
intake of spirits, wine, or beer).

Presence of hepatitis B or C virus infection was excluded
by negative blood test for markers of infection (HBsAg, anti-
HBsAg, anti-HBcAg, anti-HCV) or blood donation within
the last 6 months. Finally, to qualify for inclusion, the
concentrations of aspartate transaminase (AST) and ALT had
to be less than 40 and 30 U/L, respectively.

A single trained individual, unaware of the results of the
anthropometric and metabolic results, performed the echo-
graphic examinations of the liver. The presence of steato-
sis was assessed on the basis of sonographic findings of
(1) increased echogenicity of the echotexture (bright liver),
(2) increased liver echotexture compared with the kidneys,
(3) vascular blurring, and (4) deep-echo attenuation [13].
Volunteers were classified as having no steatosis if they had a
normal hepatic echo pattern and their kidney was brighter
than their liver. Subjects were considered to have mild
steatosis if there was a slight increase in fine echoes in liver
parenchyma, with normal visualization of the diaphragm and
intrahepatic vessel borders. Moderate to severe steatosis was
said to be present if the magnitude of the increase in fine
echoes in the liver parenchyma was accentuated, associated
with greater impairment of visualization of the intrahepatic
vessels and diaphragm, and lack of visualization of the
posterior right lobe of the liver [13].

Efl)}ifiolnship between clinical characteristics and degree of hepatic steatosis
Variables Degree of steatosis P trend”
Absent Mild Moderate p P
to severe
Subjects (n [%]) 38 (55) 19 (27) 12 (18) - -

Sex (M/F) 13:25 11:8 6:6 0.165 NS

Age (y) 60 + 1 64 + 1 59+2 0068 NS
BMI (kg/m®) 255+ 04 287+ 08 300+ 13 0524 <.001
Waist (cm) 90 + 1 98 +2 103 +3 0504 <.001
SBP (mm Hg) 131 +3 146+4  139+5 0281 <.05
DBP (mm Hg) 84 + 1 89 + 2 91 +3 0267 <.05
ALT (UL) 19 + 1 19 + 1 2 +1 0259 <.05
AST (U/L) 2+1 21+ 1 2+1 0056 NS

Values are expressed as mean +£ SEM. M indicates male; F, female; NS, not
significant; SBP, systolic blood pressure; DBP, diastolic blood pressure.
? Based on Spearman correlation.

Table 2
Relationship between the metabolic variables and degree of hepatic
steatosis

Variables Degree of steatosis P trend”
Absent Mild Moderate  p P
to severe
FPG 90 + 1 95 £ 2 102 £3 0471 <.001
FPI (umol/mL) 7+1 10 £ 1 18 £3 0.560  <.001
TC 228+8 219+9 217+ 11 —0.070 NS
HDL-C 65 +2 58 +£3 53+2 —0.349  <.005
TG 83 +9 101 £12 109 £+ 13 0.301 <.05
LDL-C 146 £ 7 141 £8 142 £ 10 —0.010 NS

Values are expressed as mean + SEM and are in milligrams per deciliter
unless otherwise noted.
# Based on Spearman correlation.

Height, weight, waist circumference (WC), and blood
pressure were measured by physical examination. Waist
circumference was assessed following the National Institutes
of Health guidelines for obesity evaluation [14]. Body mass
index (BMI) was calculated as weight (kilograms) divided by
the square of height (meters). Blood pressure was measured
after the patient had been quietly seated for at least 5 minutes
and until the last 2 measurements of systolic blood pressure
and diastolic blood pressure varied less than 5 mm Hg.
The mean of these last 2 values was used as experimental vari-
able. Blood was drawn after an overnight fast for determi-
nation of plasma concentrations of glucose (fasting plasma
glucose [FPQG]), insulin (fasting plasma insulin [FPI]),
total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), triglycerides (TGs), and transaminases (AST and
ALT). FPG, FPI, TG, TC, and HDL-C were determined as
described previously [15], and low-density lipoprotein
cholesterol (LDL-C) values were calculated using the for-
mula of Friedewald [16].

Mean values of the experimental variables were com-
pared among the 3 groups of subjects (no steatosis, mild,
and moderate to severe steatosis) using the Spearman
correlation test to assess the presence of significant trends
of change as a function of the degree of hepatic fat. To
determine which of the variables were independent pre-
dictors of hepatic steatosis, a stepwise general discriminant
analysis (GDA) model was created using, as the dependent
variable, the degree of steatosis and, as independent, all the
variables that significantly changed as a function of steatosis
degree in the univariate analysis. Furthermore, to determine
the independent predictors of the ALT values, a stepwise
multiple linear regression analysis was performed using the
ALT concentrations as the dependent variable and the same
independent variables of the GDA.

Results are expressed in the text and in the tables as
mean + SEM. The P value for significance was set to .05,
and statistical analyses were performed by using SPSS
statistical software for Windows, version 12.0 (SPSS Inc,
Chicago, IlI).
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Fig. 1. Relationship between FPI concentration (a surrogate marker of IR/
hyperinsulinemia) and degree of hepatic steatosis. P trend calculation is
based on the Spearman correlation coefficient (p).

The protocol has been approved by the Ethics Review
Committee of the University of Parma. All subjects gave
written informed consent to the study prior enrollment.

3. Results

Table 1 presents the clinical characteristics of the expe-
rimental population, subdivided into 3 groups on the basis of
their degree of steatosis. These data indicate that 31 (45%)
of these apparently healthy individuals had some degree of
steatosis, which was considered to be moderate or severe in
12 (18%) of them. It can be seen that, although the 3 groups
were of similar age, the greater the BMI and the larger the
WC, the more severe the degree of steatosis. In addition, there
was a statistically significant trend for both blood pressure
and ALT concentrations to increase in parallel to the amount
of hepatic fat. However, there was no significant relationship
between the estimates of hepatic fat and AST concentration.

Table 2 presents the metabolic characteristics of the 3 ex-
perimental groups and demonstrates that there were statisti-
cally significant relationships between FPG, FPI, HDL-C,
and TG, and hepatic fat content. In contrast, neither TC nor

Table 3
Stepwise multivariate GDA to assess the independent predictors of degree
of hepatic steatosis

Step Independent variable F P
1 FPI 16.369 <.001

The GDA was performed using the echographic degree of liver steatosis as
dependent variable and age, BMI or WC, and FPI, FPG, TG, and HDL-C
concentrations as independent variables.

Table 4
Multivariate linear regression analysis to assess the independent predictors
of ALT concentrations

Step Independent variable P coefficient P R?
1 FPI 448 <.001 0.20

The multivariate linear regression analysis was performed using ALT
concentrations as the dependent variable and age, BMI or WC, FPI, FPG,
TG, and HDL-C concentrations as the independent variables.

LDL-C concentrations varied as a function of degree of
steatosis. These findings show that the metabolic variables
that usually cluster with IR/hyperinsulinemia [17,18] were
also associated with degree of hepatic steatosis. To pursue
this issue further, we compared mean FPI concentrations as a
surrogate estimate of IR [19,20] in the 3 experimental groups.
These results are shown in Fig. 1, and it is quite clear that the
greater the degree of hepatic steatosis, the higher the FPI
concentration (P <.001).

To evaluate the factors that might be independent pre-
dictors of hepatic fat content, a stepwise GDA was performed
using, as dependent variable, the amount of hepatic fat and, as
independent variables, age, BMI, or WC, and all the meta-
bolic variables in Table 2 that were significantly associated
with hepatic fat content. The results of the GDA analysis are
seen in Table 3 and indicate that FPI was the only independent
predictor of degree of hepatic steatosis.

As shown in Table 1, ALT concentrations were signif-
icantly associated with hepatic fat content, whereas AST
concentrations were not. Multivariate regression analysis

24+

P 0.259
p trend < 0.05

ALT concentrations (U/L)

1st 2nd 3rd
Fasting Insulin Tertiles

Fig. 2. Relationship between FPI tertiles and ALT concentrations. P trend
calculation is based on the Spearman correlation coefficient (p).
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was performed to see if any of the variables shown to be
associated with increased hepatic fat content were also
independent predictors of ALT concentrations. The results
of this analysis are shown in Table 4, and similar to the
findings in regards to hepatic fat content, FPI concentration
was the only independent predictor of ALT concentration.

The relationship between FPI and ALT concentrations
was further explored in Fig. 2 by comparing the ALT
concentrations as a function of tertile of FPI. These results
are displayed in Fig. 2 and demonstrate that ALT
concentration increases progressively in parallel with tertile
of FPL

4. Discussion

The results presented indicate that the higher the FPI
concentration is in apparently healthy individuals, the greater
will be the amount of fat in the liver and the higher the ALT
concentrations. As such, they support the hypothesis that the
untoward effects of IR/hyperinsulinemia on hepatic fat
content can be observed in individuals without clinical
evidence of any liver abnormality. To put these findings into
context, several issues must be addressed. Most fundamen-
tally, care has been taken to exclude individuals with a
history of diabetes or cardiovascular or liver disease, and to
only include volunteers with a daily alcohol intake of less
than 30 g in men and less than 20 g in women; negative
blood tests for HBsAg, anti-HBsAg, anti-HBcAg, and anti-
HCYV; and with normal ALT (<30 U/L) and AST (<40 U/L)
concentrations. Based on these criteria, it seems highly
unlikely that any of the participants in this study had any
cause other than IR/hyperinsulinemia to account for the
evidence of hepatic steatosis.

Secondly, we have used the FPI concentration as a
surrogate estimate of IR, and there is evidence that this is a
reasonable choice [19,20]. However, in addition to providing
a surrogate estimate of IR, the compensatory increase in
plasma insulin concentration also serves the purpose of
preventing frank hyperglycemia from developing in insulin-
resistant individuals [17,18]. Unfortunately, the IR/hyper-
insulinemia is associated with an increase in hepatic TG
synthesis [21] and the resultant accumulation of fat in the
liver and the higher ALT concentrations. Thus, it seems most
likely that IR, per se, is not responsible for the adverse
consequence noted in this study, but it is the philanthropic
effort on the part of the pancreatic beta cell to overcome the
defect in insulin action that is the guilty party. This separation
of the relative roles of IR vs compensatory hyperinsulinemia
is similar to the ability of hyperinsulinemia in insulin-
resistant individuals to increase renal sodium retention,
decrease renal uric acid clearance, and stimulate testosterone
secretion by the ovary [18].

The third issue that must be addressed is the manner in
which ultrasound was used to identify those with and without
evidence of hepatic steatosis, as well as the validity of the
separation of those with increased hepatic fat content into

2 broad categories: mild steatosis vs moderate to severe
steatosis. Although tissue obtained by liver biopsy would
provide the most accurate way to quantify hepatic fat content,
the fact that our study population had no evidence, either
by history or transaminase values, of liver disease, biopsy
was not a viable alternative. There are other noninvasive
approaches we could have used, that is, magnetic resonance
imaging, computed tomography, or nuclear magnetic reso-
nance, but they are more complicated and expensive than is
ultrasound, and it is not clear that they are more closely cor-
related with hepatic fat than estimates obtained by echocar-
diography. For example, evidence has been summarized
pointing out that there is very good sensitivity (80%-90%)
and specificity (85%-95%) when the ability of ultrasound to
detect hepatic steatosis is compared with histologic analysis
[15], and the accuracy to demonstrate increased fat in the liver
approaches 100% when used in patients with echographic
features of moderate or severe steatosis [22]. Finally, the
relationship between ultrasound estimates of hepatic fat and
the amount quantified by liver biopsy is essentially as good as
is seen when computed tomography and magnetic resonance
imaging are used as the imaging technique [15,23,24].

Based on the considerations discussed previously, we
would argue that the relationship we observed between FPI
concentrations and hepatic fat content is unlikely the result of
our reliance on the echographic quantification of fat in the
liver. The presence of a statistically significant relationship
between FPI and ALT concentrations lends further credence
to the view that IR/hyperinsulinemia leads to an increase in
hepatic fat content.

In conclusion, IR/compensatory hyperinsulinemia and the
metabolic abnormalities related to these defects have been
shown to be associated with both hepatic fat content and ALT
concentrations in apparently healthy individuals with normal
liver function tests. Statistical analysis of the relationship
observed indicate that IR/hyperinsulinemia was the only
independent predictor of both hepatic fat content and ALT,
consistent with the existence of a causal relationship between
the abnormalities in insulin metabolism and hepatic steatosis
in apparently healthy individuals without a clinical diagnosis
of NAFLD. This finding does not imply that measurement of
plasma insulin concentration is a useful way to identify
patients with NAFLD but does suggest that liver function
should be evaluated in persons with the metabolic abnormal-
ities and clinical syndromes associated with IR/hyperinsuli-
nemia, that is, the IR syndrome [17,18].
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