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Abstract 
Nonalcoholic fatty liver disease (NAFLD) is generally 
considered as the hepatic manifestation of the meta-
bolic syndrome (MS). Although there is no doubt that 
NAFLD is tightly linked to the MS, the diagnosis of 
NAFLD encompasses a broad range of histological enti-
ties and as a composite phenotype may be hindering 
attempts to understand the mechanistic basis of these 
variants. The awareness that NAFLD is not solely and 
invariably associated with the MS is a useful means to 
help direct future studies. We should be aware that 
mechanisms other than insulin resistance may contrib-
ute to the chronic inflammatory processes that under-
pin the development of liver fat accumulation and the 
subsequent architectural distortion of the liver. Further 
studies with special focus on hemoglobin as a risk fac-
tor for the development of NAFLD in the absence of 
MS should be performed. 
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INTRODUCTION
The epidemic of  obesity is now a global and seemingly 
unstoppable phenomenon. Worldwide, the World Health 
Organization states that there are now over one bil-
lion overweight adults, of  whom at least 300 million are 
obese[1]. In the wake of  the obesity epidemic follow nu-
merous comorbidities, including nonalcoholic fatty liver 
disease (NAFLD)[2]. NAFLD, which comprises a range 
of  conditions from simple steatosis to nonalcoholic ste-
atohepatitis (NASH) and cirrhosis, is the most common 
liver disease identified in Western countries[3]. The meta-
bolic syndrome (MS), a potent risk factor for NAFLD, 
may represent a state in which the disturbances of  metab-
olism that characterize fatty liver infiltration are already 
occurring prior to disease manifestation. However, debate 
rages as to whether the MS is, in fact, a useful concept in 
view of  the lack of  a unifying pathophysiology and issues 
of  whether the sum of  the components of  the MS rep-
resent any greater risk than the components alone[4,5]. In 
addition, the fact that there is still no single internation-
ally recognized definition of  the MS reflects the diversity 
of  opinion as to the purpose of  defining the MS and 
whether there is a single principal underlying metabolic 
abnormality[6]. One widely held belief  is that insulin resis-
tance represents the unifying underlying pathological pro-
cess resulting in both MS and NAFLD[7,8]. An alternative 
hypothesis is that the disturbances of  lipid metabolism 
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seen in the MS result in a variety of  secondary pathologi-
cal processes which ultimately lead to fatty liver infiltra-
tion[9]. Therefore, an important issue in the assessment of  
the risk of  NAFLD in patients with the MS is dependent 
on the criteria used to identify the MS itself[6]. However, 
there is another issue of  utmost relevance that merits 
consideration. Although NAFLD is intricately inter-
twined with the MS, the definition of  NAFLD includes 
only one component, i.e., liver fat content > 5%-10% by 
weight in the absence of  excess alcohol consumption or 
any other liver disease[10]. Even more importantly, only 
20% to 80% of  patients with NAFLD fulfill the criteria 
for the MS[11]. Therefore, the presence of  the MS alone 
does not sufficiently explain why some adults do have 
NAFLD. Starting from these premises, the identification 
of  other factors that may explain this unexpected finding 
has key clinical implications.

NAFLD UNRELATED TO THE MS: 
HEMOGLOBIN AS THE KEY RISK FACTOR
To shed more light on the clinical and biochemical fea-
tures of  NAFLD unrelated with the MS, we have re-
cently conducted a multicenter cross-sectional study in 
Turkey[12]. The purpose of  the research was to determine 
if  there were differences between patients with biopsy-
proven NAFLD with and without a diagnosis of  the MS. 
Our original hypothesis was that a detailed characteriza-
tion of  NAFLD patients without a diagnosis of  the MS 
would be useful for identifying novel mechanisms of  
hepatic fat accumulation. Of  a total of  357 consecutive 
patients with NAFLD recruited in the study, 214 met the 
ATP-Ⅲ criteria[13] for the MS while the remaining 143 did 
not. In NAFLD patients with the MS, insulin resistance 
and diabetes were independent predictors of  NASH. 
Very intriguingly, the only variable independently associ-
ated with both NASH and severe moderate-to-severe fi-
brosis in NAFLD patients without the MS was hemoglo-
bin. Receiver operating characteristic curve analysis also 
demonstrated that 144 g/L was the optimal hemoglobin 
cutoff  value for a diagnosis of  NASH in NAFLD pa-
tients without the MS, with a sensitivity and specificity of  
75.5% and 71.3%, respectively[12]. If  these results will be 
independently validated by future studies, we anticipate 
that liver biopsy should be recommended for patients 
with ultrasound-diagnosed NAFLD, no evidence of  the 
MS, and hemoglobin levels higher than 144 g/L[12].

As expected, our data indicated that insulin resistance 
was significantly related to the presence of  NASH and 
severe fibrosis in patients with biopsy-proven NAFLD; 
however, this association was chiefly confined in the 
subgroup of  NAFLD patients with the MS. In contrast, 
hemoglobin levels were the most important independent 
predictor of  both NASH and severe fibrosis in NAFLD 
patients without a diagnosis of  MS. These findings are 
of  interest and in keeping with a recent proteomic study 
which showed that free hemoglobin subunits positively 
associated with the severity of  liver lesions in NAFLD[14]. 

In another large epidemiological study of  8985 Chi-
nese subjects, Xu et al[15] reported that the prevalence rate 
of  NAFLD increased with progressively higher hemoglo-
bin concentrations. Notably, Yu et al[16] have also shown 
in an epidemiological study of  6944 apparently healthy 
subjects that increased baseline hemoglobin levels pre-
dict the incidence of  NAFLD at a 3-year follow-up. Our 
study is the first to demonstrate that hemoglobin is the 
main independent predictor of  the severity of  the liver 
lesions in patients with biopsy-proven NAFLD without 
MS[12]. However, the exact mechanisms underlying this 
association remain to be determined. Previous studies 
have demonstrated that increased hemoglobin concen-
trations lead to increased blood viscosity, thereby raising 
peripheral resistance and reducing blood flow and perfu-
sion[17,18]. In turn, a reduced blood perfusion to the liver 
has been suggested to accelerate fibrosis[19]. Furthermore, 
increased iron itself  can increase liver damage by oxidative 
stress and lipid peroxidation[20]. The possible mechanisms 
leading to increased hemoglobin levels in NASH and in 
NAFLD subjects with advanced fibrosis need additional 
study, but it might be a consequence of  hepatic hypoxia 
resulting in a stimulation of  erythropoietin production.

CONCLUSIONS AND PERSPECTIVES
Is NAFLD just the mirror of  the MS at the hepatic 
level? Clinical studies have clearly shown that the answer 
to this key question is “no”. Although there is no doubt 
that NAFLD is tightly linked to the MS, the diagnosis 
of  NAFLD encompasses a broad range of  histological 
entities and as a composite phenotype may be hinder-
ing attempts to understand the mechanistic basis of  
these variants. The awareness that NAFLD is not solely 
and invariably associated with the MS is a useful means 
to help direct future studies. We should be aware that 
mechanisms other than insulin resistance may contribute 
to the chronic inflammatory processes that underpin the 
development of  liver fat accumulation and the subse-
quent architectural distortion of  the liver. 

Inferring clinically relevant insights from the complex 
picture of  the quantitative changes in expression levels 
of  circulating molecules remains a major challenge in 
NAFLD. Ideally, NAFLD biomarkers should be acces-
sible in a minimally invasive way through assaying the se-
rum, plasma, or blood. Initial exploratory studies aimed 
at the discovery of  biomarkers are frequently performed 
using high-throughput proteomics-based platforms[21]. 
Currently, hemoglobin is clearly the most widely replicat-
ed proteomic biomarker of  NAFLD. Accordingly, it has 
been identified as a biomarker of  NAFLD in two inde-
pendent proteomic studies[14,16] and then validated using 
distinct analytical methods in large and independent rep-
lication cohorts[12,15,16]. In our previous study[12], we have 
also shown that high hemoglobin levels were associated 
not only with the presence of  NASH but also with the 
extent of  hepatic fibrosis. Decreased blood flow to the 
liver due to increased hemoglobin levels may indeed in-
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duce hepatic hypoxia and a profibrotic response[22].
Further studies with special focus on hemoglobin as 

a risk factor for the development of  NAFLD in the ab-
sence of  MS should be performed. Additional research 
will also be required to determine whether or not treat-
ment strategies chiefly focused on reducing hemoglobin 
may contribute to the modulation of  systemic inflamma-
tory response or the development of  common metabolic 
diseases. An important objective of  such studies will be 
also to assess the diagnostic accuracy of  hemoglobin for 
predicting NASH and liver fibrosis while properly ad-
justing for confounding effects from clinical risk factors 
and drug exposures.
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