
M E T A B O L I S M C L I N I C A L A N D E X P E R I M E N T A L 6 0 ( 2 0 1 1 ) 1 5 1 5 – 1 5 2 0

Ava i l ab l e a t www.sc i enced i r ec t . com

Metabolism
www.metabo l i sm jou rna l . com
Plasma adiponectin—an independent indicator of liver
fat accumulation
Pauliina Pisto, Olavi Ukkola⁎, Merja Santaniemi, Y. Antero Kesäniemi
Institute of Clinical Medicine, Department of Internal Medicine and Biocenter Oulu, University of Oulu, and Clinical Research Center, Oulu
University Hospital, PO Box 20, FIN-90029 OYS, Oulu, Finland
A R T I C L E I N F O
Pauliina Pisto: manuscript writing, statist
of the manuscript. Olavi Ukkola, Antero Ke
the manuscript.
⁎ Corresponding author. Tel.: +358 8 315 4121

E-mail address: olavi.ukkola@oulu.fi (O. U

0026-0495/$ – see front matter © 2011 Elsevi
doi:10.1016/j.metabol.2011.03.009
A B S T R A C T
Article history:
Received 18 January 2011
Accepted 14 March 2011
Proinflammatory cytokines and adipokines have a significant role in the development and
progression of fatty liver. The aim of our current study was to explore the major indicators
for hepatic fat determined as liver brightness. In addition to peptide hormones, several
known cardiovascular and metabolic risk factors were included in the model. This is a
population-based, epidemiological, cross-sectional study where 1200 subjects (600 men and
600 women, aged 40-59 years) were randomly selected, half of them having hypertension
and half of them being controls. The severity of liver adiposity was measured by ultrasound
and based on the brightness of the liver estimated as a numerical value ranging from 0 to 2.
With respect to the studied peptide hormones, the associations between liver brightness
and plasma adiponectin (P < .001), leptin (P < .001), ghrelin (P = .005), and highly sensitive
C-reactive protein concentrations (P < .001) were significant before adjustments. When
several other risk factors (age, sex, body mass index, waist circumference, quantitative
insulin sensitivity check index, smoking, and alcohol consumption) and novel risk markers
(adiponectin, leptin, ghrelin, and highly sensitive C-reactive protein concentrations) were
considered simultaneously, of the peptide hormones, adiponectin remained the strongest
independent indicator of the brightness of the liver (P = .025). Adiponectin is a very strong
predictor for liver brightness, even after adjustment for the numerous other metabolic risk
factors,markers of inflammation, andnovel obesity-related peptide hormones.Whether low
adiponectin levels predict to liver fat accumulation remains to be explored in a future
prospective follow-up of this cohort.

© 2011 Elsevier Inc. All rights reserved.
1. Introduction

The prevalence of obesity is dramatically increasing in the
Western world, taking on the characteristics of an epidemic.
Obesity is currently regarded as a low-grade inflammation and
is associated with multiple metabolic risk factors for cardio-
vascular disease, including insulin resistance, diabetes, and
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dyslipidemia [1,2]. The metabolic syndrome (MS) is a range of
risk factors that increase an individual's propensity for deve-
loping atherosclerotic cardiovascular disease, type 2 diabetes
mellitus, and chronic kidney disease. Evident risk factors are
abdominal obesity, atherogenic dyslipidemia, hypertension,
and elevated plasma glucose leading to prothrombic and a
proinflammatory state [3]. Chronic inflammation is frequent-
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ly associated with MS, and proinflammatory cytokines such
as highly sensitive C-reactive protein (hs-CRP) result in
advanced insulin resistance and lipolysis of adipose tissue
triglyceride stores [3]. Adipose tissue inflammation contrib-
utes to reduced plasma adiponectin levels in obesity [4], and
adiponectin levels are known to be lower in patients with the
MS [3]. Most obese people have high endogenous leptin levels
indicating complete or relative leptin resistance [5]. Circulat-
ing levels of ghrelin, a peptide hormone secreted mainly from
the stomach [6], are low in human obesity where insulin
resistance is the most likely reason for low fasting ghrelin
concentrations [7].

Nonalcoholic fatty liver disease (NAFLD) is a hepatic
manifestation of the MS [8]. It is the most common liver
disease because its prevalence is estimated to be 10% to 25% in
the general population of Western countries [9]. Nonalcoholic
fatty liver disease refers to a spectrum of liver disorders
resulting from abnormal fat deposition in the liver, which
ranges in severity from simple hepatic steatosis with no
inflammation to steatohepatitis (nonalcoholic steatohepatitis
[NASH]) that can progress to liver cirrhosis [10,11]. Patients
with NAFLD display a larger prevalence of metabolic abnor-
malities, and the prevalence of MS is more than doubled [12].
Today, the presence of fatty liver is considered as an early and
sensitive indicator of insulin resistance; and it has been
reported to be present in 46% of NASH patients [13].

Adipokines, cytokines, and many other peptides may play
a pivotal role in the pathogenesis and severity of NAFLD [14].
Several investigators have discovered serum adiponectin
levels to be inversely associated with the severity of NAFLD
[15-17]. Studies in ob/ob mice have indicated that leptin
prevents fatty liver both directly and indirectly [5], having
spontaneous mutations that diminish production of leptin
[18]. Nevertheless, patients with obesity have fatty liver
despite the presence of elevated leptin levels, suggesting
that these patients have hepatic leptin resistance [4]. Obese
ob/ob mice and fa/fa rats exhibit insulin resistance, hypergly-
cemia, and fatty livers, as do most obese humans [19].

Reduced ghrelin levels have been reported in patients with
NAFLD also after correction for sex, age, and body mass index
(BMI) [7]. The elevation of the serum hs-CRP level has been
observed in patients with NASH compared with that in those
with simple steatosis [20].

Although adipokines and other obesity-related peptide
hormones have been individually related to liver fat, very
few studies have considered all these factors together. The
aim of our study was to explore the important independent
indicators for increased liver brightness in a large randomized
population-based cohort. In addition to peptide hormones, we
included several known cardiovascular and metabolic risk
factors in the same model to explain ultrasound-determined
liver adiposity.
2. Patients

This study is a part of the Oulu Project Elucidating Risk of
Atherosclerosis, which is a population-based, epidemiologi-
cal, cross-sectional study designed to address the risk factors
and disease end points of atherosclerotic cardiovascular
diseases. Briefly, this cohort included 600 men and 600
women, aged 40 to 59 years, randomly selected from the
national register. Half of them were patients with hyperten-
sion, with the other half being controls [21]. Body mass index
was calculated as [mass (kilograms)]/{[height (meters)]2}.Waist
circumference wasmeasured to the nearest 0.5 cmwith a tape
measure midway between the lower rib margin and the iliac
crest in light expirium. Blood pressure was measured accord-
ing to the recommendations of the American Society of
Hypertension in sitting position from the right arm with an
oscillometric device (Dinamap†model 18465X; Criticon, Ascot,
UK) after an overnight fast and after a 10- to 15-minute rest.
Three measurements were made at 1-minute intervals, and
the means of the last 2 were used in the analyses.

Altogether, 1045 subjects volunteered to participate in the
study, which was approved by the Ethical Committee of the
Faculty of Medicine, University of Oulu.
3. Determination of liver adiposity

The determination of liver adiposity was based on liver-
kidney contrast measured with ultrasonography [22,23] by
one single trained radiologist with extensive experience in
abdominal ultrasound examinations. The ultrasound exam-
ination was carried out using a Toshiba SSA 270 ultrasound
system (Toshiba, Tokyo, Japan) with a scanning frequency of 5
MHz. The whole scanning procedure was captured on a video
film of Super-VHS videocassette recorder (Panasonic, Osaka,
Japan), and the videotapes were analyzed later. The severity
of liver adiposity was based according to the brightness of the
liver estimated as a numerical value ranging from 0 to 2 (0 =
normal brightness, indicating a nonfatty liver; 1 = medium
brightness, moderate lipid accumulation; and 2 = intensely
bright, severe lipid accumulation and fatty liver).
4. Laboratory methods

Plasma adiponectin concentrations were measured with an
enzyme-linked immunosorbent assay technique devised in our
laboratory [24]. Monoclonal anti-human adiponectin antibody
(R&D Systems, Minneapolis, MN, catalog no. MAB10651) was
usedas the capture antibody; andbiotinylatedmonoclonal anti-
human adiponectin antibody (R&D Systems, catalog no.
BAM1065), as the detection antibody. Both antibodies were
used in a concentration of 2 µg/mL. For the detection of biotin-
labeled detection antibody, we used alkaline phosphatase–
labeled NeutrAvidin diluted in a ratio of 1:18 000 (Pierce,
Rockford, IL, catalogno. 31002)and30%Lumiphos530 (Lumigen,
Southfield, MI, catalog no. P-501). The standard curve from 1.56
to 100 ng/mL was prepared from human recombinant adipo-
nectin (Biovendor, Modrice, Czech Republic, catalog no.
RD172023100). Plasma samples were diluted in the ratio of
1:500, and the concentrations were measured in duplicate. The
intraassay variation of the method was 13.9%, and the inter-
assay variation was 15.9% before and 6.5% after correction.

Fasting plasma leptin concentrations weremeasured using
a commercial double-antibody radioimmunoassay (Human
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Leptin RIA Kit; Linco Research, St Charles, MO) with an
intraassay coefficient of variation of 3.4% to 8.3% and an
interassay coefficient of variation of 3.0 to 6.2%. Fasting ghrelin
concentrationsweremeasured fromplasma samples stored at
−20°C using a commercial radioimmunoassay kit (Phoenix
Pharmaceuticals, Belmont, CA) [25], which recognizes both
acylated and desacylated ghrelin and uses 125I-labeled bioac-
tive ghrelin as a tracer molecule and a polyclonal antibody
raised in rabbits against full-length octanoylated human
ghrelin. All assays included 3 control samples from one fresh
plasma sample that was aliquoted and frozen at the beginning
of the study and used to normalize each test for interassay
variability. Highly sensitive CRPwasmeasured using commer-
cially available enzyme-linked immunosorbent assay kitswith
a detection limit of 0.31 ng/mL (Diagnostic Systems Laborato-
ries, Webster, TX).

After fasting blood had been drawn, the subjects were
given a 75-g glucose load. Both 1-hour and 2-hour glucose
and insulin concentrations were determined, except for
previously known insulin-treated diabetic patients. The
glucose concentrations were measured with the glucose
dehydrogenase method (Diagnostica; Merck, Darmstadt,
Germany). The serum insulin levels were measured using a
2-site immunoenzymometric assay (AIA-PACK IRI; Tosoh,
Tokyo, Japan). Insulin sensitivity was assessed via fasting
plasma insulin concentrations and a quantitative insulin
sensitivity check index {QUICKI = 1/[log (fasting insulin)+log
(fasting glucose)]} [26].

Very low-density lipoprotein (VLDL, d < 1.006 g/mL−1) was
isolated by centrifuging plasma in a Kontron TFT 45.6 (Kontron
AG, Zurich, Switzerland) rotor at 105 000g and 15°C for 18
hours [21]. A halfmilliliter of the VLDL-free fractionwasmixed
with 25 μL of 2.8% (wt/vol) heparin and 25 μL of 2 mol/L
manganese chloride. After centrifugation at 1000g and 4°C for
30 minutes, aliquots of the supernatant were taken for
analysis of the high-density lipoprotein (HDL) concentration.
The low-density lipoprotein concentration was then calculat-
ed by subtracting the cholesterol concentration in HDL from
that in the VLDL-free fraction. The concentrations of total
cholesterol and triglycerides in the plasma and lipoprotein
fractions were determined by enzymatic colorimetric
methods (kits of Boehringer Diagnostica, Mannheim, Germa-
ny; catalog nos. 236691 and 701912), respectively, using a Kone
Specific Selective Chemistry Analyser (Kone Instruments,
Espoo, Finland).
5. Statistical analysis

Statistical analysis was performed by using SPSS (Chicago, IL)
version 16.0. Analysis of variance was used to compare the
means of the variables measured. Statistical significances
between percentages were measured by using χ2 test. The
possible interaction between adiponectin and liver fat accu-
mulation was assessed by analysis of covariance. The
following variables were entered into the multivariate models
as covariates: sex; age; BMI; waist circumference; QUICKI;
smoking; alcohol consumption; and leptin, ghrelin, and hs-
CRP concentrations. P value < .05 was regarded as significant.
Post hoc tests were performed using the Tukey method.
Multiple logistic regression analysis was performed to inves-
tigate the associations of the different variables associated to
liver brightness (fat).
6. Results

The main characteristics of the study population are shown
in Table 1. Male sex was more prevalent among the subjects
with severe (56.8%) and moderate (65.9%) liver fatness than
in those with normal brightness of the liver (45%) (P < .001).
Smoking status differed between the groups, with those
subjects with grade 1 liver fat accumulation having the
highest and the subjects with no fat accumulation the lowest
smoking prevalence. Alcohol consumption rates were lowest
among subjects with normal brightness of the liver and
highest among subjects with moderate liver fat accumula-
tion (P = .01).

When the controls and hypertensive patients were con-
sidered, 57.8%, 33.3%, and 28.1% of the control subjects
belonged to the group with normal, moderate, and severe
brightness of the liver, whereas the same figures among
hypertensive patients were 42.2%, 66.7% and 71.9%, respec-
tively (P < .001).

As expected, BMI and waist circumference were higher
among (P < .001) patients with moderate or severe lipid
accumulation than in those with normal lipid accumulation
of the liver. The differences were significant also in the
comparison between moderate and severe fat accumulation
groups (waist circumference, P < .05; BMI, P < .01).

Triglyceride levels were higher and HDL concentrations
were lower in the groups with lipid accumulation than in
those with normal liver brightness (P < .001). Fasting insulin
levels were more than 2 times higher in the group with severe
liver fatness compared with patients with no fatty liver (P <
.001). In addition, the difference in fasting insulin levels
between groups with normal and moderate brightness and
moderate and severe brightness of the liver reached statistical
significance (P < .001).

The QUICKI level decreased as onemoved from the normal
to moderate to severe fat accumulation groups.

6.1. Peptide hormones and liver brightness

The associations between plasma adiponectin (P < .001), leptin
(P < .001), ghrelin < .01, and hs-CRP concentrations (P < .001)
and liver brightness were significant before adjustments
(Table 1). Subjects with a severe lipid accumulation had the
lowest adiponectin and ghrelin, at the same time having the
highest hs-CRP and leptin concentrations.

After adjustments for age, sex, and BMI, the association
between plasma adiponectin levels and liver brightness
remained strongly statistically significant (P < .001). Associa-
tions between plasma leptin (P = .013) and hs-CRP (P < .001)
levels remained statistically significant as well.

After further adjustment for age; sex; BMI; waist circum-
ference; QUICKI; alcohol consumption; smoking; and ghrelin,
leptin, and CRP concentrations, adiponectin levels still
remained statistically significantly related to liver brightness
(P = .025) (Fig. 1). When all these subjects were added as



Table 1 – Themain characteristics of study group asmeans (SD) or frequencies (percentages, n = number of patients) grouped
by liver brightness

Grade of liver brightness 0 (n = 747) 1 (n = 135) 2 (n = 146) P aP bP cP

Age (y) 51.03 (6.04) 52.09 (6.14) 51.60 (5.54) NS NS NS NS
Male 45.0% (n = 336) 65.9% (n = 89) 56.8% (n = 83) <.001 – – –
Smoking (pack-years) 11.01 (13.60) 14.26 (14.97) 13.90 (14.54) <.01 <.05 NS NS
Alcohol consumption (g/wk) 50.99 (82.35) 90.98 (115.28) 82.10 (104.52) <.05 <.05 NS NS
BMI (kg/m2) 26.49 (3.91) 29.95 (4.88) 31.77 (4.92) <.001 <.001 <.01 <.001
Waist circumference (cm) 86.89 (11.90) 98.02 (11.65) 102.06 (11.84) <.001 <.001 <.05 <.001
Hypertensive 42.2% (n = 315) 66.7% (n = 90) 71.9% (n = 105) <.001 – – –
Total serum cholesterol (mmol/L) 5.65 (1.04) 5.85 (1.06) 5.78 (1.08) NS NS NS NS
HDL (mmol/L) 1.41 (0.38) 1.22 (0.34) 1.18 (0.35) <.001 <.001 NS <.001
Triglycerides (mmol/L) 1.38 (0.83) 1.90 (1.02) 2.22 (1.35) <.001 <.001 NS <.001
Fasting insulin (mmol/L) 10.80 (7.60) 18.43 (10.56) 23.73 (17.56) <.001 <.001 <.001 <.001
QUICKI 0.64 (0.11) 0.54 (0.09) 0.50 (0.07) <.001 <.001 <.001 <.001
Adiponectin (μg/mL) 16.54 (6.33) 14.09 (5.35) 12.24 (5.34) <.001 < .001 <.05 <.001
Leptin (ng/mL) 9.77 (7.53) 12.04 (9.67) 13.57 (9.15) <.001 <.05 NS <.001
Ghrelin (pg/mL) 682.27 (240.06) 632.65 (226.48) 622.53 (260.33) <.01 NS NS <.05
hs-CRP (ng/mL) 3147.13 (6832.83) 4600.87 (10362.07) 6087.52 (6593.80) <.001 <.001 <.01 <.001

Data are means ± SD or percentages. Differences between groups were assessed by the analysis of variance test and Tukey post hoc test.
Statistical significances between percentages were measured by using the χ2 test. P values for the difference between whole group.
a P values for differences between groups 0 and 1.
b P values for differences between groups 1 and 2.
c P values for the differences between groups 0 and 2.
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covariates, the other factors reaching statistical significance
(in addition to adiponectin) werewaist circumference (P = .044)
and QUICKI (P < .001).

Logistic regression analysis was performed to identify
independent indicators of the liver brightness. Patients were
divided into 2 groups (no fat in the liver vs fatty liver). The
same covariates were added as explanatory factors into this
logistic regression analysis as in the analysis of covariance.
Fig. 1 – Black (left) panels: serum adiponectin level (mean
and SE) and severity of liver adiposity without adjustments.
Grey (right) panels: serum adiponectin level and severity of
liver adiposity after adjustment for age, sex, BMI, waist
circumference, alcohol consumption, smoking, serum leptin
level, serum hs-CRP level, serum ghrelin level, and QUICKI.
*P value significant (P < .01) between nonfatty liver and severe
lipid accumulation groups. **P values significant
(P < .05) between all groups.
QUICKI wasmultiplied by 10 to reach better logistic regression
analysis resolution capacity. Adiponectin (P = .02), QUICKI (P <
.001), and alcohol consumption (P = .006) remained statistically
significant risk factors for liver brightness (Table 2). When
these variables were added into the logistic regression
analysis independently, adiponectin reached a Nagelkerke R2

value of 0.089; QUICKI, 0.366; and alcohol consumption, 0.013 .
7. Discussion

Nonalcoholic fatty liver disease is one of the most common
liver diseases affecting both adults and children in the
Western world. It is strongly associated with the MS and
Table 2 – Multiple logistic regression analysis for
independent indicators of hepatic brightness (fat)

Source B Odds ratio (with a 95%
confidence interval)

P value

Age 0.026 1.027 (0.997-1.058) .080
Sex -0.013 1.013 (0.472-2.174) .973
BMI 0.054 1.055 (0.969-1.148) .214
Waist
circumference

0.014 1.014 (0.979-1.051) .438

Adiponectin -0.038 0.963 (0.933-0.994) .020
Ghrelin 0.000 1.000 (0.999-1.000) .284
Leptin 0.203 1.226 (0.408-3.685) .717
hs-CRP 0.231 1.260 (0.870-1.825) .222
QUICKI -1.522 0.218 (0.154-0.310) .000
Smoking
(pack-years)

0.003 1.003 (0.990-1.017) .620

Alcohol
consumption

0.188 1.207 (1.056-1.380) .006

Nagelkerke
R2 0.426
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insulin resistance. The exact mechanisms by which NAFLD
develops into steatohepatitis and potentially leads to cirrhosis
are still unknown. The main result of our study is that, if one
considers the peptide hormones, then adiponectin is the
strongest independent indicator of the brightness of the liver
even after adjustment for several risk factors (age; sex; BMI;
waist circumference; QUICKI; smoking; alcohol consumption;
and leptin, ghrelin, and hs-CRP concentrations).

Our data indicated that BMI, waist circumference, triglyc-
eride level, fasting insulin concentration, and hs-CRP and
leptin levels increased, whereas HDL level, QUICKI, and
adiponectin and ghrelin levels decreased, when the magni-
tude of liver brightness increased. It is known that obesity
increases dramatically the risk of steatohepatitis [27]. The
reported prevalence of obesity in several series of patients
with nonalcoholic fatty liver disease has varied between 30%
and 100% [10]. There are several obesity-related peptide
hormones; and of those, the associations between liver
brightness and plasma adiponectin and hs-CRP concentra-
tions were significant even after adjustment for BMI in our
study. The relationship between ghrelin and leptin levels and
liver fat accumulation seems to relate only to obesity. Ghrelin
levels are inversely related to BMI, which might represent a
compensatory response to the sustained positive energy
balance [28]. In the study of Marchesini et al [7], ghrelin levels
were reduced in NAFLD patients after correction for sex, age,
and BMI. In our study, the relationship between ghrelin levels
and liver fat accumulation was not statistically significant
after adjustment for BMI. Most obese humans have increased
leptin levels [5]. In the report of Krawzyk et al [15], serum
concentration of leptin showed no significant difference
between patients with NASH and the control group. In
patientswith obesity-associatedNAFLD, serum levels of leptin
were increased and the liver became resistant to the
“antisteatotic” effects of leptin [17]. In patients with more
advanced inflammation and fibrosis, the mean serum con-
centration of leptin was reported to be significantly higher
than that in patients with steatosis and less advanced
inflammation and fibrosis [29].

In the study of Targher et al [30], hs-CRP concentrations
were lowest in healthy controls, intermediate in overweight
nonsteatotic patients, and the highest in those subjects with
NASH. In another study, the plasma hs-CRP level was
markedly higher in subjects with nonalcoholic hepatic stea-
tosis compared with those without hepatic steatosis [31].
However, the number of subjects in the latter studywas rather
small (n = 100). In our study, with its large sample size, the
difference between normal, intermediate, and severe fat
accumulation groups was statistically significant after adjust-
ment for BMI (P < .001). The pathogenesis of steatohepatitis is
generally explained by the “2-hit theory” whereby the first hit
consists of free fatty acids accumulation in the liver. An excess
of free fatty acids predisposes the liver to the second hit,
which is evoked by the oxidative stress and proinflammatory
cytokines [32].

Serum adiponectin concentrations have been reported to
correlate inversely with BMI, fasting insulin levels, and
plasma triglycerides concentration [16]; and our study con-
firms these hypotheses. Recent studies have demonstrated
that adiponectin levels are low in NAFLD patients [9,12,15,30].
Adiponectin levels are decreased from 20% to 40% during the
development of NAFLD [17]. The mean adiponectin levels in
the controls were reported by Hui et al [33] to be about twice
as high as the levels in subjects with NASH. Therefore, it not
surprising that our patients with no fat in the liver had
significantly higher adiponectin concentrations than the
patients with the highest liver brightness. Thus, our study
suggests that adiponectin is a strong independent marker of
liver brightness. Notably, the association of adiponectin and
liver brightness was still evident after considering numerous
other metabolic risk factors, markers of inflammation, and
novel obesity-related peptide hormones at the same time.
One could speculate that the low adiponectin concentration
in the patients with the highest liver brightness may be due to
decreased adipose tissue release, increased adiponectin
degradation, or both.

It has been postulated that adiponectin can increase
glucose uptake in skeletal muscle and may protect the
hepatocytes from triglyceride accumulation, conceivably by
increasing β-oxidation of free fatty acids and/or decreasing
de novo free fatty acid synthesis in both skeletal muscle and
liver [34]. The activation of the adenosine monophosphate
kinase pathway may represent the mechanistic link for
these effects of adiponectin [34]. Furthermore, adiponectin
might play a role in suppressing inflammation and macro-
phage activity [16]. It is clear that adipokines play an impor-
tant role and may represent a link between obesity, insulin
resistance, and NAFLD [27]. There are also several inflam-
matory factors that regulate adiponectin levels in patients
with NAFLD [27].

In this study, the grade of liver brightness wasmeasured by
ultrasound. The invasive diagnostic technique of liver biopsy
is necessary for the diagnosis of NASH [20]. Real-time
ultrasound using a combination of sonographic findings has
a high specificity, but the problem is that it underestimates
the prevalence of hepatic steatosiswhen there is less than 20%
fat [35]. It is obvious that taking liver biopsies from large
groups of symptomless subjects is ethically unjustifiable.
Therefore, we chose to use this noninvasive ultrasound
method. The research groups that have taken biopsies have
had access to rather small patient samples.

The results of the present study can be enlarged to relate to
the whole population aged 40 to 59 years, at least in Finland.
This was a population-based, epidemiological, cross-sectional
cohort study with the subjects being randomly selected from
the national register. Therefore, the selection bias can be
regarded as minimal.

In conclusion, adiponectin is a very strong predictor for
liver brightness, even after adjustment for numerous other
metabolic risk factors, markers of inflammation, and novel
obesity-related peptide hormones. Whether the low adipo-
nectin level predicts liver fat accumulation remains to be
explored in a future prospective follow-up of this cohort. In
the clinical setting, adiponectin could serve as a potential
marker in the diagnosis of liver fat accumulation; and its
potential therapeutic usefulness for the treatment and/or
prevention of NAFLD should also be tested. In addition,
detailed mechanistic studies are needed to unravel the
specific metabolic pathways of adiponectin in relation to the
pathogenesis of NAFLD.
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