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EDITORIAL

Arterial Stiffness and Nonalcoholic Fatty Liver Disease: Which is the
Chicken and Which is the Egg?
Nonalcoholic fatty liver disease (NAFLD) is diagnosed when there is an accumulation of fat in the liver (>5%) in the
absence of alcohol abuse or other chronic liver diseases (CLD) [1]. It is the most frequent cause of elevated liver
enzyme levels worldwide [2]. NAFLD can progress to nonalcoholic steatohepatitis (NASH) with liver inflammation,
fibrosis, cirrhosis or finally to hepatocellular cancer (HCC). However, cardiovascular disease (CVD) is the most
frequent cause of death or disability in NASH patients [3].
NAFLD has a median prevalence of 20% worldwide [4] and around 25% in US and Europe [4] and 9 to 45% in
Southeast Asia [5, 6]. NAFLD, but mainly its advanced form, NASH, complicated with liver inflammation with or
without liver fibrosis, are independent and major CVD risk factors, with NAFLD patients dying from CVD rather than
liver-related complications (cirrhosis or HCC) [1, 2].
When the left ventricle of the heart contracts, a pulse wave which travels through the aorta and the arterial system is
generated [7]. The speed of travel of this pulse wave (pulse wave velocity [PWV]) is related to the compliance of the
arteries [7]. Arterial stiffness (AS) emerges when the elastic properties of large arteries are diminished [7]. In other
words, arterial stiffness occurs as a consequence of biological aging and arteriosclerosis [7, 8]. Several degenerative
changes that occur with age in the walls of large elastic arteries are thought to contribute to increased stiffening over
time, including the mechanical fraying of lamellar elastin structures within the wall due to mechanical stress, changes in
the structure and increases in the content of arterial collagen proteins, partially as a compensatory mechanism against
the loss of arterial elastin and partially due to fibrosis [7, 8]. Arterial stiffness is an independent and major CVD risk
factor, is directly related to the overall atherosclerotic burden and the incidence of CVD events [8]. The co-existence of
NAFLD/NASH with AS dramatically increases the CVD risk.
The possible biological mechanisms linking NAFLD/NASH with increased AS are mostly unknown and it is also
unknown whether they are parallel or common [9], but it is possible that common pathways involving chronic lowgrade inflammation and adipokine imbalance are involved [10]. An early study reported that NAFLD is related to AS (n
= 213), especially in women [11]. The study concluded that there is an association between serum adiponectin
concentration, PWV and NAFLD [11]. Since then a lot of progress has been made.
Initially, it was believed that AS is the cause of NAFLD. The relationship between NAFLD and AS was investigated in
a large cohort (n = 4,860) from Taiwan. The results showed that AS was increased only in subjects with normal glucose
levels [12]. Thus, people with prediabetes and those with type 2 diabetes mellitus (T2DM), in whom the prevalence of
NAFLD is approximately 90% [2], did not have AS [12]. The results of this study were reinforced by another large
study in 1,296 Chinese subjects [13], which suggested that NAFLD is prevalent and related with AS in normotensive,
non-diabetic young and middle-aged subjects [13]. This means that there was increased AS related to NAFLD in the
absence of major NAFLD risk factors, suggesting that AS is the major pathogenetic mechanism of NAFLD/NASH [13].
Results from the Rio-T2DM cohort study (n = 291) suggest that the presence of AS contributes substantially to liver
fibrosis [14]. NAFLD in its initial form of simple steatosis is a rather benign situation without excess mortality, while
NASH with advanced fibrosis increases total mortality by 70%, due to an increase in CVD mortality by nearly 300%
[2]. Thus, in this cohort, AS induced a substantial deterioration of pre-existing NASH and this had an immediate impact
on outcomes. In a study from Turkey, it was shown that pentraxin 3 (PTX3) levels, a marker of inflammation which is
produced by the arterial wall, were higher in NAFLD patients with fibrosis than in NAFLD patients without fibrosis and
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healthy subjects, independently of metabolic syndrome (MetS) components, while PTX3 levels were strongly correlated
with AS in patients with NAFLD [15]. In any case, the fact that AS is the chicken and not the egg has been shown in
specific (non western) ethnic groups.
On the contrary, it was reported in a very large study (8, 603 subjects [6, 662 males]) that NAFLD/NASH is strongly
related with AS, particularly in females, regardless of the degree of metabolic abnormalities and thus NAFLD may be a
useful predictor of early arteriosclerosis (increased AS) [16]. In another study, it was shown in adolescents that the
increase of age, liver fat, and triglyceride levels are closely related to increased AS in adults [17]. Furthermore, in a
study from China that included 2,550 middle aged participants with ultrasound confirmed NAFLD, it was shown that in
patients with NAFLD/NASH, advanced liver fibrosis was related to carotid intima-media thickness (cITM), a surrogate
of coronary atherosclerosis, and AS, regardless of the presence of conventional cardiometabolic risk factors or insulin
resistance (IR) [18]. A very large study in middle-aged and elderly Chinese with NAFLD (n = 8,632) reported similar
findings [19]. In a study in Asian Indians, NAFLD/NASH was shown to be associated with subclinical atherosclerosis,
AS, and endothelial dysfunction independently of obesity and MetS [20]. Therefore, the CVD risk of NAFLD/NASH
may extend far beyond that of MetS.
In a study from Greece, NAFLD/NASH was reported to be related with AS and endothelial dysfunction [21]. Since
these arterial indices are independent CVD risk factors, these findings have important implications for CVD risk
prevention in patients with both NAFLD/NASH and AS.
The above studies suggest that NAFLD/NASH is the chicken and AS is the egg. Nevertheless, it is also possible that
NAFLD/NASH and AS might progress in parallel, since they have common risk factors [9] and exacerbate one another
in a vicious cycle, leading to a geometrical increase in CVD events. This underlines the fact that we should urgently
treat them both to reduce CVD morbidity and mortality.
There is evidence that both conditions could be treated by the same drug (the potent statins atorvastatin and
rosuvastatin), increasing the compliance of the patients to the treatment. This reduces the interest about which caused
the other or if they both result from common risk factors.
The use of atorvastatin was shown to ameliorate NAFLD/NASH in 3 post hoc analyses of prospective survival studies.
In the Greek Atorvastatin and Coronary Heart Disease Evaluation (GREACE) Study (n=1, 600) [22], the Assessing the
Treatment Effect in Metabolic Syndrome Without Perceptible Diabetes (ATTEMPT) study (n=1,123) [23] and the
Incremental Decrease in End Points Through Aggressive Lipid Lowering (IDEAL) trial (n=8,863) [24], atorvastatin in
doses 20-80 mg/d safely ameliorated NAFLD/NASH and most importantly halved CVD morbidity and mortality in
comparison with those that were on a statin and had normal liver function tests [22 - 24]. In 2 multicentre prospective
studies (n=107 and n=346) with statins, including atorvastatin, it was shown that there was a reduction in
necroinflammation, serious fibrosis and other NAFLD/NASH characteristics [25, 26]. On the other hand, atorvastatin
has been shown to reduce arterial stiffness without affecting blood pressure [27]. However, this is not a class effect (as
in the case of NAFLD/NASH [28]) and not all statins reduce aortic stiffness (only atorvastatin or rosuvastatin
significantly ameliorated AS) [29, 30]. Thus, only atorvastatin and rosuvastatin can treat both NAFLD/NASH and AS
and substantially reduce CVD risk [30, 31].
Recent (unpublished) data from our clinic suggest that there is a strong correlation between AS and liver fibrosis (but
not with simple steatosis), and that rosuvastatin in low and high doses substantially improves both, reducing CVD risk.
Given that several hundred of millions of people suffer from NAFLD/NASH [1, 2] and a similar number from AS, the
use of atorvastatin or rosuvastatin in these people is a very useful and practical tool if we take into consideration the fact
that there is no generally accepted treatment for NAFLD/NASH, or any other drug improving both NAFLD/NASH and
AS.
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