
Abstract

Aims/hypothesis. Fat accumulation in the liver has
been shown to be closely correlated with hepatic insu-
lin resistance and features of insulin resistance, also
independently of body weight. It remains to be estab-
lished how fat in the liver correlates with that in other
depots, and whether any association differs between
men and women.
Methods. Liver fat (assessed using proton spectrosco-
py), intra-abdominal and subcutaneous fat (measured
using magnetic resonance imaging) and markers of in-
sulin resistance, including serum adiponectin, were
determined in 132 non-diabetic subjects: 66 men (age
41±1 years) and 66 women (age 42±1 years).
Results. Although the women had almost twice as
much subcutaneous fat as the men (5045±207 vs
2610±144 cm3, p<0.0001), amounts of intra-abdomi-
nal fat (1305±80 vs 1552±111 cm3, NS) and liver fat
(6.7±0.8 vs 8.9±1.2%, NS) were similar. In this study,
no sex differences were observed with respect to se-
rum insulin, adiponectin, triglyceride and HDL cho-

lesterol concentrations. Of all measures of body com-
position, liver fat was best correlated with serum insu-
lin (r=0.58, p<0.001), with no difference observed be-
tween men and women. Serum adiponectin was in-
versely correlated with liver fat content (r=−0.21,
p<0.05). Multiple linear regression analysis revealed
that intra-abdominal fat was significantly associated
with liver fat, independently of serum adiponectin and
subcutaneous fat. Liver fat, but not intra-abdominal
fat, significantly explained the variation in serum in-
sulin concentrations.
Conclusions/interpretation. Intra-abdominal fat is in-
dependently associated with liver fat, whereas subcu-
taneous fat is not. Liver fat, but not intra-abdominal
fat, is independently associated with serum insulin.
Men and women with similar amounts of intra-ab-
dominal and liver fat do not exhibit sex differences in
markers of insulin resistance (serum insulin, triglyc-
erides, HDL cholesterol and adiponectin).
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most
common cause of elevated liver enzyme concentra-
tions, and is currently the third leading cause of liver
cirrhosis [1]. In an analysis of 15 676 individuals in
the US, the prevalence of elevated liver enzymes was
7.9%. Of these, only 31% were explained by excess
alcohol consumption, viral hepatitis or haemochro-
matosis [1]. In the remaining 69%, various features of
insulin resistance (overall and abdominal obesity, hy-
pertriglyceridaemia, hyperinsulinaemia and low HDL
cholesterol) were strongly associated with an other-
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wise unexplained elevation of liver enzymes. Several
other recent studies have also found NAFLD to be
strongly associated with insulin resistance in both
obese [2] and non-obese [3] subjects.

Upper body obesity, independently of relative body
weight, is associated with various features of insulin
resistance [4, 5, 6] and a high risk of developing Type
2 diabetes [7, 8] and cardiovascular disease [9]. It is
also related to an increased amount of intra-abdominal
fat, but whether this depot is an innocent bystander or
a cause of insulin resistance is controversial [10]. The
possibility that intra-abdominal fat may not be the
most proximal correlate of insulin resistance is sup-
ported by studies showing that severe insulin resis-
tance can be observed in the absence of intra-abdomi-
nal fat in both rodent and human models. Patients with
congenital generalised lipoatrophy have severe insulin
resistance, but lack both subcutaneous and intra-ab-
dominal fat [11]. Aricid extension-leucine zipper
lipoatrophic mice are severely insulin resistant, but
have neither mesenteric nor omental fat [12]. Both
lipoatrophic conditions are, however, characterised by
increased fat accumulation in insulin-sensitive tissues,
especially skeletal muscle and the liver. In the aricid
extension-leucine zipper mouse, subcutaneous fat
transplantation reverses insulin resistance and nor-
malises liver and muscle fat content [13]. These data
suggest that fat accumulation in the liver or muscle
may be more closely related to features of insulin re-
sistance than the amount of intra-abdominal fat. Con-
sistent with this idea, it has recently been demonstra-
ted that increased alanine aminotransferase (ALT) ac-
tivity predicts the development of Type 2 diabetes, in-
dependently of body fat [14]. Also, several recent
studies that included small numbers of subjects have
shown that liver fat is associated with features of insu-
lin resistance independently of BMI in non-obese
lipodystophic [15] and normal [16] men and obese
women [17]. However, these studies, which only in-
vestigated a narrow range of BMIs, did not assess the
relationships between liver fat content and the size of
other fat depots, particularly intra-abdominal fat, or
whether such relationships are sexually dimorphic. It
is also unclear whether circulating levels of
adiponectin (an adipocyte-derived hormone associated
with insulin resistance) [18, 19] or genetic variation at
position 276 of the adiponectin gene [20, 21] are asso-
ciated with liver fat content.

The present study aimed to determine how liver fat
content (measured using proton spectroscopy) is relat-
ed to the size of other fat depots (measured using
magnetic resonance imaging [MRI]) and features of
insulin resistance in a relatively large number of non-
diabetic men and women. The results show that, of all
measures of body fat, liver fat is best correlated with
features of insulin resistance, and that for a given
amount of intra-abdominal and liver fat, women may
possess up to twice as much subcutaneous fat as men.

Subjects and methods

Subjects and study design. A total of 132 non-diabetic, appar-
ently healthy Caucasian subjects were recruited from occupa-
tional health services based on the following inclusion criteria:
(i) aged 18 to 60 years; (ii) no known acute or chronic disease
based on history and physical examination and standard labo-
ratory tests (blood counts, serum creatinine, thyroid-stimulat-
ing hormone, electrolyte concentrations and ECG). Exclusion
criteria included treatment with drugs that may alter glucose
tolerance, pregnancy or clinical or biochemical evidence of
any significant disease other than obesity. Elevated liver en-
zymes (serum ALT, aspartate aminotransferase [AST] and
gamma glutamyl transferase [GGT]) were not an exclusion cri-
terion. However, subjects with serological evidence of hepati-
tis B or C, autoimmune hepatitis, clinical signs or symptoms of
inborn errors of metabolism or a history of use of toxins or
drugs associated with liver steatosis were excluded, as were
subjects consuming more than 20 g of alcohol per day. If eligi-
ble, the subjects were studied after an overnight fast to assess
body composition and features of insulin resistance, as detailed
below. Data from 30 men who had been previously character-
ised [16] were included in the present analysis.

The nature and potential risks of the study were explained
to all subjects prior to obtaining their written informed con-
sent. The protocol was approved by the ethics committee of the
Helsinki University Central Hospital.

Measurement of liver fat content. Localised single voxel
(2×2×2 cm3) proton spectra were acquired using a 1.5-T
whole-body system (Siemens Magnetom Vision, Erlangen,
Germany), which consisted of a combination of whole-body
and loop surface coils for radiofrequency transmitting and sig-
nal receiving. T1-weighted high-resolution MRI scans were
used for localisation of the voxel of interest within the right
lobe of the liver. Magnetic resonance spectroscopy measure-
ments of the liver fat were performed in the middle of the right
lobe of the liver at a location that was individually determined
for each subject; vascular structures and subcutaneous fat tis-
sue were avoided when selecting the voxel. Subjects lay on
their stomachs on the surface coil, which was embedded in a
mattress in order to minimise abdominal movement due to
breathing. The single voxel spectra were recorded using the
stimulated-echo acquisition mode sequence, with an echo time
of 20 ms, a repetition time of 3000 ms, a mixing time of
30 ms, 1024 data points over 1000 kHz spectral width with 32
averages. Water-suppressed spectra with 128 averages were
also recorded to detect weak lipid signals. A short echo time
and long repetition time was chosen to ensure a fully relaxed
water signal, which was used as an internal standard. Chemical
shifts were measured relative to water at 4.80 ppm. The meth-
ylene signal, which represents intracellular triglyceride, was
measured at 1.4 ppm. Signal intensities were quantified by us-
ing an analysis program, VAPRO-MRUI (http://www.mrui.
uab.es/mrui/). Spectroscopic intracellular triglyceride content
(liver fat) was expressed as:

This measurement has been validated against histologically de-
termined lipid content [22] and against estimates of fatty de-
generation or infiltration by X-ray computer-assisted tomogra-
phy [23]. All spectra were analysed by a physicist (A.-M.
Häkkinen) who was unaware of any of the clinical data. The
reproducibility of repeated measurements of liver fat in non-di-
abetic subjects studied on two occasions in our laboratory is
11% [15].
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Assessment of intra-abdominal and subcutaneous fat. Intra-ab-
dominal and subcutaneous fat volumes were determined using
MRI. A series of T1-weighted trans-axial scans were acquired
from a region extending from 8 cm above to 8 cm below the
4th and 5th lumbar interspace (16 slices, field of view
375×500 mm2, slice thickness 10 mm, breath-hold repetition
time 138.9 ms, echo time 4.1 ms). Intra-abdominal and subcu-
taneous fat areas were measured using an image analysis pro-
gram (Alice 3.0, Parexel, Waltham, Mass., USA). A histogram
of pixel intensity in the intra-abdominal region was displayed,
and the intensity corresponding to the nadir between the lean
and fat peaks was used as a cut-off point. Intra-abdominal adi-
pose tissue was defined as the area of pixels in the intra-ab-
dominal region above this cut-off point. For calculation of sub-
cutaneous adipose tissue area, a region of interest was first
manually drawn at the demarcation of subcutaneous adipose
tissue and intra-abdominal adipose tissue, as previously de-
scribed [23]. The reproducibility of repeated measurements of
subcutaneous and intra-abdominal fat is 3% and 5% respec-
tively [15].

Measurement of other parameters. Blood samples were taken
after an overnight fast for measurement of plasma glucose, se-
rum insulin and C-peptide, HbA1c, liver enzymes, serum tri-
glyceride and total and HDL cholesterol concentrations, and
for extraction of genomic DNA. Percentage body fat was de-
termined using bioelectrical impedance analysis (BioElectrical
Impedance Analyzer System, model number BIA-101A, RJL
Systems, Detroit, Mich., USA) [24]. Waist circumference was
measured midway between spina iliaca superior and the lower
rib margin, and hip circumference at the level of the greater
trochanters [25].

Analytical procedures. Plasma glucose concentrations were
measured in duplicate using the glucose oxidase method and 
a Beckman Glucose Analyzer II (Beckman Instruments,

Fullerton, Calif., USA) [26]. Serum-free insulin concentrations
were measured using the Auto-DELFIA kit (Wallac, Turku,
Finland). C-peptide concentration was determined by RIA
[27]. HbA1c was measured by HPLC using the fully automated
Glycosylated Hemoglobin Analyzer System (BioRad, Rich-
mond, Calif., USA) [28]. Serum total cholesterol, HDL choles-
terol and triglyceride concentrations were measured with the
appropriate enzymatic kits from Roche Diagnostics using an
autoanalyser (Roche Diagnostics Hitachi, Hitachi Ltd., Tokyo,
Japan). LDL cholesterol concentration was calculated using
the Friedewald formula [29]. Serum ALT, AST and GGT activ-
ities were determined as recommended by the European Com-
mittee for Clinical Laboratory Standards. Serum adiponectin
concentrations were measured using an ELISA kit (B-Bridge
International, San Jose, Calif., USA).

Genotyping the single nucleotide polymorphism (SNP) at posi-
tion 276 of the adiponectin gene. The APM1 SNP276 G→T
polymorphism was genotyped in 112 subjects using allelic dis-
crimination in the ABI PRISM 7900 Sequence Detection Sys-
tem (Applied Biosystems, Foster City, Calif., USA) according
to the manufacturer’s instructions in a volume of 5 µl. Primers
(TTCATCACAGAC CTCCTACACTGA and TCCCTGTGTC-
TAGGCCTTAGTTAAT) and probes (ACTATATGAAG-
GCATTCAT and AAACTATATGAAGTCATTCAT) were or-
dered as Assay-by-Design (Applied Biosystems).

Statistical analyses. Non-normally distributed data were used
after logarithmic transformation. The unpaired Student’s t test
was used to compare mean values between men and women.
The runs test was used to determine whether a non-linear mod-
el was required to relate measures of body composition and in-
sulin resistance or measures of liver fat [30]. These analyses
were performed separately for men and women. Analysis of
covariance was used to compare slopes and intercepts of re-
gression lines for men and women. If neither the slopes nor the

Table 1. Characteristics of the study subjects

Women (n=66) Men (n=66) p value

Age (years) 42±1 41±1 NS
Body weight (kg) 83±2 85±2 NS

Overall and subcutaneous adiposity
Body mass index (kg/m2) 30.1±0.5 26.5±0.5 p<0.0001
Subcutaneous fat (cm3) 5045±207 2610±144 p<0.0001
Whole body fat (%) 35±1 21±1 p<0.0001
Fat mass (kg) 30±1 18±1 p<0.0001

Intra-abdominal adiposity and liver fat
Liver fat (%) 6.7±0.8 8.9±1.2 NS
Intra-abdominal fat (cm3) 1305±80 1552±111 NS
Waist-to-hip ratio 0.99±0.02 0.97±0.01 NS

Features of insulin resistance
Insulin (mU/l)a 10±1 9±1 NS
C-peptide (nmol/l)a 0.8±0.1 0.8±0.1 NS
LDL cholesterol (mmol/l)a 3.1±0.1 3.1±0.1 NS
Triglycerides (mmol/l)a 1.5±0.1 1.7±0.2 NS
HDL cholesterol (mmol/l)a 1.4±0.1 1.3±0.1 NS
Adiponectin (mg/l)a 11±1 11±1 NS
ALT (U/l)a 35±4 53±8 p<0.05
AST (U/l)a 32±3 35±3 NS

Values are means ± SEM. a Serum fasting level. ALT, alanine aminotransferase; AST, aspartate aminotransferase
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intercepts differed between women and men, a common re-
gression equation was calculated for all data. Regarding
SNP276 genotypes, continuous variables were compared be-
tween genotype groups by ANOVA. All analyses were adjust-
ed for age and sex. Multiple linear regression analysis was
used to search for independent causes of variation in liver fat
content and serum fasting insulin concentrations. Calculations
were made using GraphPad Prism version 3.00 for Windows
(GraphPad Software, San Diego, Calif., USA) and SPSS 11.0
for Windows (SPSS, Chicago, Ill., USA). Data are shown as
means ± SEM. A p value of less than 0.05 was considered sta-
tistically significant.

Results

The women and men were similar with respect to age
and absolute body weight (Table 1). The women were
more obese than the men, as judged from their BMI
and percentage body fat. This was due to an almost
two-fold larger volume of subcutaneous fat in the
women compared with in the men (Fig. 1). Despite

this difference, intra-abdominal fat and liver fat con-
tents were similar in women and men (Fig. 1). The ra-
tio of liver fat content : subcutaneous fat volume aver-
aged 1.4±0.2%/dm3 in women and 3.5±0.5%/dm3 in
men (p<0.001). Markers of insulin resistance, includ-
ing serum fasting insulin, C-peptide, triglyceride and
HDL cholesterol concentrations, were also similar in
both groups (Table 1). Serum ALT was significantly
lower in women than in men (35±4 vs 53±8 U/l,
p<0.05), whereas the two groups had similar concen-
trations of serum AST (32±3 vs 35±3 U/l, NS) and
GGT (38±5 vs 41±4 U/l, NS).

Interrelationships between measures of body composi-
tion and liver fat in women and men. The volume of
subcutaneous fat was positively correlated with liver
fat in both women and men, but for any given liver fat
content, women had almost two-fold more subcutane-
ous fat than men (Fig. 2). Intra-abdominal fat was also
positively correlated with liver fat, but in this case

Fig. 1. Bar graphs show subcutaneous (a), intra-abdominal (b),
and liver (c) fat content in women (white bars, n=66) and men
(black bars, n=66). Data are shown as means ± SEM. ***
p<0.001 vs women

Fig. 2a. The relationships between subcutaneous fat (assessed
using magnetic resonance imaging) and liver fat (measured us-
ing proton spectroscopy) in 66 women (open circles, hatched
line, r=0.33, p=0.007) and 66 men (closed circles, solid line,
r=0.32, p=0.010). The additional lines indicate mean values for
subcutaneous fat in women (hatched line) and men (solid line)
and the corresponding mean liver fat content. b. The relation-
ship between intra-abdominal fat and liver fat (r=0.45,
p<0.0001) for pooled values in men (closed circles) and wom-
en (open circles)
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values for the different sexes fell on the same regres-
sion line (Fig. 2).

Interrelationships between liver fat and features of in-
sulin resistance in women and men. Liver fat was
closely correlated with serum insulin (Fig. 3) and C-
peptide (data not shown, pooled value for women and
men r=0.41, p<0.001) in both women and men, with
no sex differences observed between the slopes or in-
tercepts relating these parameters. Intra-abdominal fat
was similarly correlated with serum insulin in women
and men (Fig. 3); conversely, subcutaneous fat was
not. Sex did not affect the relationship between liver
fat and serum triglycerides (Fig. 3) or HDL cholester-
ol (data not shown, pooled value for women and men
r=−0.41, p<0.001).

Serum ALT as a marker of liver fat in women and
men. Serum ALT was positively correlated with liver
fat in both women and men, but for a given percent-
age of liver fat, serum ALT was lower in women than
in men (Fig. 4). There was no difference between the

Fig. 3. The relationships between (a) liver fat and fasting se-
rum insulin (r=0.58, p<0.0001), (b) liver fat and fasting serum
triglycerides (r=0.38, p<0.0001) and (c) intra-abdominal fat
and fasting serum insulin (r=0.52, p<0.0001) for pooled values
in men (closed circles) and women (open circles). d. The rela-
tionship between subcutaneous fat and fasting serum insulin in
66 women (open circles, hatched line, r=0.56, p<0.0001) and
66 men (closed circles, solid line, r=0.52, p<0.0001). The ad-
ditional lines denote mean values for subcutaneous fat in wom-
en (hatched line) and men (solid line) and the corresponding
mean serum insulin concentration

Fig. 4a. The relationship between liver fat and serum ALT in
66 women (open circles, hatched line, r=0.49, p<0.0001) and
66 men (closed circles, solid line, r=0.62, p<0.0001). The ad-
ditional lines denote mean values for liver fat in women
(hatched line) and men (solid line) and the corresponding se-
rum ALT. b. The relationship between liver fat and serum
adiponectin (r=−0.21, p=0.019) for pooled values in men
(closed circles) and women (open circles). ALT, alanine ami-
notransferase
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slopes of the regression lines relating liver fat to ALT
in the two groups, but the y-intercept was significantly
lower (p=0.003) in women than in men. This differ-
ence is consistent with the lower reference range for
serum ALT in women (10–40 U/l) compared with men
(10–50 U/l) in our laboratory. At the upper limit of
their respective reference range for serum ALT, liver
fat averaged 13% in women and 10% in men. In total,
23% of the women and 29% of the men had serum
ALT values higher than the upper limit of normal. The
pooled male and female values for serum AST
(r=0.46, p<0.001) and GGT (r=0.30, p<0.001) were
correlated with liver fat.

Serum adiponectin and the SNP276 polymorphism of
the adiponectin gene. Despite greater overall adiposity
in the women compared with the men, serum
adiponectin concentrations were similar in the two
groups (Table 1). Serum adiponectin concentrations
were inversely related to liver fat content (Fig. 4).
This relationship was similar in women and men. The
genotypic distribution of the SNP276 polymorphism
was: G/G 49%, G/T 42%, T/T 9%, to give an allelic
distribution of 70% and 30% for the G and the T al-
lele, respectively. Because heterozygotes and homozy-
gotes for the minor allelles gave very similar results
for every variable tested (data not shown), the values
for the G/T and T/T genotypes were combined and
compared with those for the G/G genotype. Waist cir-
cumference (p=0.066) and body weight (p=0.084)
were marginally significantly associated with the G/G
genotype. Conversely, serum adiponectin concentra-
tions and liver fat were not associated with a particu-
lar genotype.

Independent correlates of liver fat and serum insulin.
To determine independent correlates of liver fat, a
multiple linear regression analysis was employed (Ta-
ble 2). In a model including intra-abdominal and sub-
cutaneous fat and serum adiponectin, intra-abdominal

fat was the only independent correlate of liver fat ad-
justed for age and sex. In another model, liver fat and
serum adiponectin were both significantly correlated
with serum insulin, whereas intra-abdominal fat and
subcutaneous fat volumes were not.

Discussion

To our knowledge, the present study is the largest to:
(i) examine the relationships between liver fat and the
size of other fat depots and features of insulin resis-
tance; and (ii) investigate sex differences in these rela-
tionships. We found that, for equal amounts of liver
fat, women and men had similar amounts of intra-ab-
dominal fat, but women had almost twice as much
subcutaneous fat as men. Of all fat depots, liver fat
was best correlated with features of insulin resistance,
such as serum insulin and triglycerides, and this asso-
ciation was independent of age, sex, BMI, and intra-
abdominal and subcutaneous fat. However, intra-ab-
dominal fat was an independent determinant of liver
fat content.

The women were matched to the men with respect
to age and absolute body weight, but the women were
clearly more (superficially) obese than the men were.
One could question whether it is possible to compare
sex differences in fat depots between such groups. It is
clear that there was a large overlap between the
groups for all parameters, and the essential findings
were confirmed by simple and multiple linear regres-
sion analyses. As in previous studies, we found men
to have a higher intra-abdominal fat : subcutaneous fat
ratio than women [31, 32, 33, 34, 35, 36]. Earlier stud-
ies have also identified close correlations between in-
tra-abdominal fat and insulin sensitivity in both wom-
en [37, 38, 39, 40, 41, 42] and men [37, 38, 40, 41, 43,
44]. In studies comparing men and women [35, 37,
38, 40, 41], sex differences in lipoprotein levels [35,
37, 38, 41] and insulin [40] have either disappeared or

Table 2. Multivariate regression models searching for independent correlates of liver fat content and fasting serum insulin

Liver fat (%)* (r=0.429, p<0.001)
Effect Regression Standardised error p value
Constant −0.141 0.265 0.595
Intra-abdominal fat (cm3) 2.157×10−4 0.000 <0.001
Subcutaneous fat (cm3) 3.127×10−5 0.000 0.197
Adiponectin (mg/l) −0.296 0.228 0.197

Serum insulin (mU/l)** (r=0.422, p<0.001)
Effect Coefficient Standardised error p value
Constant 0.218 0.111 0.051
Liver fat (%) 0.150 0.040 <0.001
Adiponectin (mg/l) −0.258 0.093 0.006
Intra-abdominal fat (cm3) −2.926×10−5 0.000 0.239
Subcutaneous fat (cm3) −4.507×10−6 0.000 0.633

* Adjusted for age and sex; ** adjusted for age, sex and BMI



have been greatly reduced after adjusting for visceral
fat (either measured accurately by computed tomogra-
phy [41] or estimated from waist-to-hip ratios [37, 38,
40]). Importantly, a large prospective study in Sweden
demonstrated that men had a four-fold increased risk
of CVD compared with women, which disappeared
after adjustment of the figures for sex differences in
the waist-to-hip ratio [45]. Our finding of similar re-
gression lines between intra-abdominal fat, and serum
insulin (Fig. 3) and triglyceride concentrations (data
not shown) in men and women are consistent with
these findings.

In multivariate analysis including liver fat, the as-
sociations between serum fasting insulin (adjusted for
age, sex and BMI) and intra-abdominal and subcuta-
neous fat volumes disappeared, suggesting that fat ac-
cumulation in the liver is the most proximal correlate
of insulin resistance. Liver fat content correlated sig-
nificantly with fasting insulin and C-peptide concen-
trations, with no difference observed between women
and men. No other studies investigating correlations
between features of insulin resistance and liver fat
have included both male and female non-diabetic sub-
jects. However, previous smaller studies have shown
relationships between liver fat and features of insulin
resistance in patients with Type 2 diabetes [46, 47] in
Japanese [48] and Caucasian men [2, 3, 16] and in
obese women with previous gestational diabetes [17].
The present study is limited by the fact that serum
fasting insulin was used as a measure of insulin sensi-
tivity rather than directly measured hepatic insulin
sensitivity. However, in a previous study of healthy,
middle-aged subjects, the correlation (unpublished
data in reference [16]) between fasting insulin and liv-
er fat was stronger than that between hepatic insulin
sensitivity and liver fat, possibly for methodological
reasons.

The finding that liver fat was a significant indepen-
dent correlate of insulin resistance, whereas intra-ab-
dominal fat was not, does not mean that intra-abdomi-
nal fat is not an important determinant of liver fat. In-
deed, multivariate analysis revealed that intra-abdomi-
nal fat was the only significant independent correlate
of this fat depot. One mechanism by which intra-ab-
dominal fat could regulate liver fat content is through
the release of NEFA into the portal vein. However,
catheterisation studies have suggested that fatty acids
released by the splanchnic bed constitute only ~10%
of the total amount of NEFA delivered to the liver
[49]. Other, similar studies have indicated that the in-
creased delivery of NEFA to the liver in individuals
with an abdominal type of fat distribution is due to the
excessive release of NEFA by upper body subcutane-
ous adipose tissue as opposed to visceral adipose tis-
sue [50, 51]. Another possibility is that mediators oth-
er than NEFA are involved. In humans, visceral fat ex-
presses higher levels of IL-6 [52], angiotensinogen
[53, 54], complement components [54, 55], cellular

inhibitor of apoptosis protein-2 [56, 57] and glucocor-
ticoid receptors [58] than subcutaneous adipose tissue
does.

Although intra-abdominal fat was independently
correlated with liver fat, the lack of an independent re-
lationship between intra-abdominal fat and fasting in-
sulin when liver fat was included in the multivariate
analysis suggests that factors other than intra-abdomi-
nal fat influence liver fat content. One possibility is
that dietary fat content or composition contributes to
liver fat. The fatty acids could be those released by li-
poprotein lipase that are not taken up by skeletal mus-
cle or adipose tissue [59], or they may be contained in
chylomicron remnants, which are taken up directly by
the liver. It is estimated that up to 50% of dietary fat is
taken up as remnant triglyceride by the liver [60]. Al-
though dietary intake was not quantified in the present
study, we have previously found a correlation between
the percentage saturated fat in the diet and liver fat
content [61]. Feeding rabbits a high-fat diet results in
rapid fat accumulation in the liver [62]. Although in-
dividuals consuming more than moderate amounts of
alcohol were excluded from the present study, it is
also possible that alcohol intake contributed to liver
fat content. In a recent analysis of data on adults aged
17 years and older (n=15,676) from the Third Nation-
al Health and Nutrition Examination Survey, amino-
transferase concentrations were linearly related to al-
cohol intake in both men and women, even in the
range of between 0 and 2 drinks per day [1]. It is un-
clear whether steatosis caused by either alcohol intake
or by unexplained reasons (i.e. by NAFLD) is asso-
ciated with insulin resistance. Histologically,
macrovesicular steatosis induced by alcohol is indis-
tinguishable from that associated with insulin resis-
tance [63].

Adiponectin deficiency correlated with increased
liver fat. Since adiponectin deficiency and increased
liver fat content characterises both those individuals
with excess fat [64, 65] and those with too little fat
[66], adiponectin deficiency could be the critical fac-
tor regulating liver fat content rather than the amount
of subcutaneous fat. Adiponectin has recently been
shown to alleviate NAFLD in mice by increasing car-
nitine palmitoyltransferase-1 activity and hepatic fat
oxidation, and by suppressing TNF-α production in
the liver and in plasma [67]. In mice, adiponectin sup-
presses hepatic glucose production [68, 69] via activa-
tion of adenosine monophosphate-activated protein ki-
nase in the liver [70]. Adiponectin concentrations
have previously been found to be higher in women
than in men who are matched in terms of relative 
body weight [71]. The present finding of similar
adiponectin concentrations in men and women, de-
spite the fact that the women were more obese than
the men, is in keeping with such data. Given that
adiponectin concentrations and liver fat contents were
similar in the two groups, and that the two parameters
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were interrelated, it is possible that adiponectin con-
tributed to liver fat in the present study. Conversely, it
is important to emphasise that the cross-sectional de-
sign of the present study does not allow us to deduce
cause–effect relationships. Regarding genetic varia-
tion in the adiponectin gene, four rare mutations and
two frequent polymorphisms have been described as
associated with metabolic alterations such as body
weight [20], insulin resistance [20] and Type 2 diabe-
tes [21, 72]. Previous studies have found the G/G gen-
otype at position 276 in the adiponectin gene to be as-
sociated with an increased risk of Type 2 diabetes in
Japanese subjects [21], and with body weight but not
Type 2 diabetes in Caucasians [20]. In the present
study, the frequency of the G/G genotype (49%) was
very similar to that reported in the two other studies.
After adjusting for age and sex, we found that waist
circumference (p=0.066) and body weight (p=0.084)
were marginally significantly associated with the G/G
genotype, whereas, in contrast with other studies,
adiponectin concentration was not [20]. These data
support the previous data, although the other reports
[20, 21, 72] included three to four times as many sub-
jects as the present study.

Serum ALT was significantly correlated with per-
centage liver fat, as measured using proton spectros-
copy. While the slopes of the plots of these relation-
ships were similar in the two groups, mean serum
ALT values were lower in women than in men. This
observation is consistent with the lower reference
range for serum ALT in women compared with that in
men, that may be due to their relatively smaller liver
volume. Although the correlations between liver fat
and serum ALT were not perfect, they nevertheless
suggest that serum ALT might be a useful marker of
liver fat, and in individuals lacking other causes of
liver damage, of insulin resistance. We have previous-
ly shown liver fat content to be significantly correlat-
ed with insulin requirements in patients with Type 2
diabetes [23], and others have shown serum ALT to
predict Type 2 diabetes [14] and CVD (West of Scot-
land Coronary Prevention Study data, unpublished).

In summary, the present data suggest that liver fat
is a more proximal correlate of insulin resistance than
intra-abdominal fat, which in turn appears to be a de-
termining factor of liver fat content. In contrast to
subcutaneous fat, the relationships between intra-ab-
dominal fat and: (i) liver fat; and (ii) features of insu-
lin resistance are similar in men and women.
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