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ENDOTHELIAL LIPASE AS NEW DIAGNOSTIC MARKER
OF NON-ALCOHOLIC FATTY LIVER DISEASE

IN HYPERTENSIVE SUBJECTS (REVIEW)

Bashkirova A.D.

Kharkiv National Medical University

Abstract. Non-alcoholic fatty liver disease (NAFLD) and hypertension are among the most
common diseases in the world. One of the negative factors contributing to the formation of
cardiovascular risk in patients with NAFLD affected with hypertension is the low level of
HDL cholesterol in which metabolism endothelial lipase (EL) plays a leading role. Therefore,
it is very relevant and expedient to study the various aspects of the use of EL to diagnose
NAFLD and determe treatment strategy in patients with NAFLD and hypertension.
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1.1. Lipid metabolism disorders affected
by hypertension

According to the majority of researchers,
clinical significance of non-alcoholic fatty liver
disease (NAFLD) is related with the genesis of
atherosclerosis [1], which allows considering
NAFLD as an independent risk factor of
cardiovascular diseases (CVD) [2]. Triggering
factors associated with the development of
NAFLD and metabolic disorders include
oxidation stress, inflammation, dyslipidaemia,
insulin resistance (IR), abdominal obesity, low
level of adiponectin, endothelium dysfunction, and
postprandial dyslipidaemia [3].

The correlation between NAFLD and CVDs
was established for patients with diabetes mellitus
(DM) [4]. Significant evidence is provided by the
work where patients with histologically confirmed
NAFLD were observed for 21 years followed
by an analysis of mortality causes. It was found
that the primary causes were CVDs and malignant
tumours [5]. There is also available data that
histological severity of NAFLD and intensity of
hepatic tissue inflammation significantly
correlated with the increased CVD risk and
atherogenicity of the lipid profile [6].

The increased serum level of liver enzymes
is an independent factor of hypertension and DM;
these associations may be partly associated with
NAFLD and insulin resistance. Several crossover
studies found a correlation between the increased
level of ALT and gamma glutamine transferase
(GGT) and metabolic syndrome, DM and
NAFLD on the other side. The association of
GGT with the presence of atherosclerotic plaques
is particularly significant for subjects with
NAFLD [7]. Data is also available that NAFLD
is associated with an increased risk of carotid
artery atherosclerosis [8].

High blood pressure in metabolic disorders is
a background for the development of ischemic
heart disease (IHD), left ventricular (LV) hypertrophy,
and, consequently, chronic heart failure (CHF),
diseases of peripheral arteries, and strokes. The
relevance of the issue of metabolic disorders
draws attention to hypertension. Thus, the target
blood pressure (BP) in case of NAFLD should
not exceed 130/80 mmHg, while the target BP
for other patient groups is 140/90 mmHg. [9].

Patients with hypertension in most cases have
metabolic disorders: obesity in 74%, impaired
carbohydrate metabolism in 26%,
hypertriglyceridemia in 21%, and
hypercholesteraemia in 18%. These statistical
findings confirm complex pathophysiological links
between IR, hypertension, NAFLD and obesity [10].

It has been proven that hypertension in
metabolic disorders is developed when the renin-
angiotensin-aldosterone system (RAAS) is
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hyperactivated. Major adverse aspects of the
RAAS are mediated by the main RAAS mediator
angiotensin ²² (AT ²²): vasoconstriction, secretion
of aldosterone, vasopressin, noradrenaline, fluid
retention, proliferation of smooth muscle cells and
cardiomyocytes, activation of the sympathoadrenal
system, and glomerulosclerosis. RAAS is involved
in the development and progression of
atherosclerosis through the development of the
endothelial dysfunction and inflammation in
vascular walls. Development of hypertension in
metabolic disorders can be explained by the
following mechanisms:

• Retention of sodium ions in renal tubules;
• High concentration of calcium ions in

vascular walls;
• Increased sensitivity of vascular walls to

pressure due to the blockade of transmembrane
ion exchange mechanisms (Na, K, Ca ATPase)

• Proliferation of smooth muscle cells and
increased general peripheral resistance;

• Development of atherosclerosis due to the
release of anti-inflammatory cytokines and
dyslipidaemia;

• Impaired nitric oxide regulation;
• Impact of insulin on vascular receptors to

angiotensin ², which increases vasoconstriction;
• Impact of insulin on the flexibility of large

vessel walls and decreased ability of aorta to
regenerate in response to pulse waves [11].

It is not proven that IR and endothelial
dysfunction are links in a chain and play an
important role in the development of metabolic
disorders and, consequently, CVDs. It is
endothelial dysfunction that causes atherosclerosis
and predetermines the development of
atherothrombosis [12].

Endothelial cells cover the vessels from inside
and serve as a boundary between the blood and
the tissues, which makes endothelium vulnerable
to various factors such as hypercholesteremia,
hyperglycemia, free radicals, high hydrostatic
pressure, smoking, etc. Damage of the endothelium
leads to a decrease in the release of endothelium-
relaxing factors and an increase in the formation
of vasoconstrictive factors, which causes
endothelial dysfunction [13].

Recent epidemiological studies have shown
that increased ALT is also associated with an
increased risk of cardiovascular diseases [14]
suggesting that NAFLD is associated with IHD
irrespective of other features and manifestations
of the metabolic syndrome (MS). It was
established that patients with NAFLD symptoms
have a positive correlation between the serum

ALT level and the increased risk of carotid artery
atherosclerosis [15]. One of the studies examined
the correlation between the increased serum ALT
and 10-year IHD risk assessed under the
Framingham risk scale. It was found that the
average ALT level in the group of males with a
high risk of IHD was > 43 IU/l, while it was
> 30 IU/l in females with a high risk [16].

The above findings and FIBAR study suggest
a conclusion that increased GGT or ALT levels
are an independent predictor of cardiovascular
diseases. Besides, an increase in the GGT level
above the normal range or around the upper
normal limit is an independent predictor of new
onset diabetes mellitus [17].

A prospective study by Lopez-Suarez A.
et al. [18] found that the percentage of
hypertension cases in subjects with NAFLD is
21.2% higher than in patients without clinical,
laboratory and instrumental symptoms of NAFLD
(95% CI, 11.8–30.6, P <0.0005). Therefore,
NAFLD is an independent factor associated with
hypertension prevalence; the adjusted odds ratio
is 1.71 (95% CI, 1.10–2.65, P = 0.017). It was
also established that, among the patients without
critical arterial pressure (>140/90 mmHg),
NAFLD is also independently associated with high
normal systolic pressure (adjusted odds ratio is
2.13, 95% CI, 1.08–4.20, P = 0.029), but not with
high normal diastolic pressure. The authors came
to a conclusion that the detection of NAFLD,
even with normal ALT, should be a reason for a
comprehensive examination for the determination
of metabolic parameters, exclusion of
hypertension and intensification of efforts aimed
at changing the lifestyle [18]. It should also be
noted that the precise mechanism of NAFLD
contributing to the development of cardiovascular
diseases remains subject to investigation. In this
aspect, it appears interesting that the age of onset
of cardiovascular diseases in patients with
NAFLD ranges between 45 and 65 years [19].
DeFilippis [20] showed that the diagnosis of
NAFLD is associated with atherogenic
dyslipidaemia. This correlation persisted after the
correction of certain metabolic disorders and
HOMA-IR, which points to a possible
independent pathophysiological association
between NAFLD and dyslipidemia.

Feitosa's studies [21] demonstrated that ALT
≥ 40 IU/l can be considered to be a predictor of
high prevalence of coronary artery disease in
males, whereas the specific weight of fat in the
liver was insignificant according to CT findings.
Akin L. Et al. [22] showed that even children
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and adolescents with obesity in association with
NAFLD are under risk of early atherosclerotic
changes, which requires performing an additional
liver ultrasound scan in this group of patients
because hepatic tests alone may be insufficient
for diagnosing NAFLD. Catena Ñ. [23] found
that in patients with hypertension without
additional cardiovascular risks, NAFLD is
associated with IR but not with increased artery
rigidity. The so-called new cardiovascular risk
factors including homocysteine, inflammation
markers – Ñ-reactive protein and lipoprotein À,
and markers of the fibrinolytic and homeostatic
function – fibrinogen, tissue plasminogen activator
and plasminogen activator inhibitor-1 (PAI-1) are
also of great potential importance. Recent findings
indicate that all these markers are also associated
with NAFLD. Latest studies point to a connection
between NAFLD and increased intima media
complex thickness. Fracanzani et al. (2008)
concluded that fatty liver dystrophy is an
independent risk factor predicting an increase in
the intima media complex thickness with an odds
ratio of 1.8, and an increase in the systolic
pressure with an odds ratio of 2.3 [24].

Among the possible mechanisms associating
NAFLD with cardiovascular pathology are
oxidation stress and inflammation [25]. These data
indicate that some components of the oxidation
stress probably caused by direct hepatocyte
damage in case of NAFLD may be involved in
the pathogenesis of cardiovascular diseases;
besides, oxidation stress plays an important role
in the progression of fatty hepatosis towards non-
alcoholic steatohepatitis (NASH) [26].

The link between oxidation stress and
NAFLD in human was demonstrated by
immunohistochemical detection of lipid
peroxidation products and 8-hydroxy-
deoxyguanosine in plasm and liver biopsy in
patients with NAFLD. According to the current
understanding, it is inflammation that is plays a
decisive role in NAFLD pathogenesis because
fatty tissue is considered a metabolically active
endocrine organ capable of synthesizing a
number of anti-inflammatory cytokines,
including TNF-α, IL-6, Ñ-reactive protein
(CRP) and IL-8. There are studies indicating
the activation of other inflammatory pathways
and oxidation stress, and an increase in CRP
over 1.48 mg/l is regarded as an independent
NAFLD risk factor [27].

In case of obesity, hypertrophied and
hyperplastic adipocytes produce TNF-α [28].
TNF-α activates the protein stimulating protective

inflammatory reactions  – inhibitor of kappa kinase
beta (IKKβ) in adipocytes and hepatocytes,
which leads to impaired bonding of insulin to the
receptor. The impact of TNF-α on insulin receptor
substrate 1 (IRS-1) is manifested in its
phosphorylation resulting in a decrease in its
affinity with insulin, a decrease in special transport
protein GLUT4 ensuring glucose inflow into the
cell – there is reduced glucose uptake and
recycling and increased hyperglycaemia, which
damages vascular endothelium and contributes
to the development of DM [29].

The amount of fatty tissue in the body of a
patient with NAFLD may also determine the
CVD risk because visceral fatty tissue is a
metabolically active endocrine organ capable of
producing anti-inflammatory cytokines, adipokines
and hormones that mediate inflammation and IR,
which in turn influences the CVD risk profile [30].

However, mechanisms linking visceral fatty
tissue or abdominal obesity (AO) with
cardiovascular diseases are closely related to IR,
which is itself related to CVD risk and
atherosclerosis [31]. There is currently no
consensus as to whether visceral fatty tissue
contributes to a high cardiovascular risk through
the secretion of factors or this process is realized
through IR [32]. Dyslipidaemia that is also
associated with NAFLD, activates transcription
factor SREBP-1Ñ (sterol regulatory element
binding), which acts in synergy with insulin and
stimulates genes involved in de-novo lipogenesis.
SREBP-1C also inhibits synthetic fatty acids
(SFA) oxidation, which leads to an increased
concentration of lipids in the liver. In order to
compensate for the increased concentration of
TG in hepatocytes, the liver forms an atherogenic
lipid profile consisting of high TG level, low High-
density lipoproteins (HDLP) level, increased
concentration of low-density lipoproteins (LDLP),
very low density lipoprotein (VLDLP) and
cholesterol, and increased concentration of
apolipoprotein B. All these changes are closely
associated with adverse cardiovascular events [33].

According to some findings, NAFLD can
accelerate atherogenesis by changing lipoprotein
metabolism in the postprandial period [21]; in its
turn, postprandial hyperlipidaemia is a risk factor
for both NAFLD and CVDs [26].

The results of recent studies indicate that such
adipokines as leptin and adiponectin are actively
involved in the development of endothelial
dysfunction acting as antipodes and determining
the cardiovascular risk in patients with obesity
and MS; however, the role of these adipokines in
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the development of CVDs in patients with
NAFLD remains understudied [34].

In large concentrations, leptin increases the
release of nitric oxide from endothelial cells,
stimulates angiogenesis, natriuresis and diuresis.
Based on this, it can be assumed that in addition
to insulin resistance and hyperinsulinemia,
hyperleptinemia is one of the factors of arterial
hypertension development; besides, leptin causes
endothelial dysfunction enhancing the effects of
angiotensin II [35].

Based on the above evidence it can be stated
that patients with NAFLD more frequently suffer
from atherosclerotic changes, dyslipidaemia and
ischemic heart disease, which requires timely
diagnostics of NAFLD and standardization of
various treatment methods. Answering the
questions about the role of NAFLD in the
development of cardiovascular complications is
certainly of great interest in terms of developing
new therapeutic strategies and is one of the goals
of future research. Nevertheless, the currently
available data suggest that the detection of
NAFLD at the stage of ultrasound tests increases
the CVD risk and requires screening and
monitoring of the CVD risk in all patients with
NAFLD. These patients are candidates not only
for early treatment of liver diseases, but also
related cardiovascular risk factors [36].

1.2. Clinical significance of endothelial lipase
in the pathogenesis of the cardiometabolic risk

One of adverse factors contributing to the
development of the cardiovascular risk in NAFLD
affected by hypertension is low level of HDLP
cholesterol, the metabolism of which largely relies
on the activity of endothelial lipase [37] as
controlled by micro-RNA [38]. Endothelial lipase
(EL) is identified as a new member in the family
of triglycerides and is very similar to lipoprotein
lipase and hepatic lipase but is a more sensitive
marker of phospholipid hydrolysis. EL is the only
lipase that is synthesized by endothelial cells.
Laboratory data has shown that EL can play a
key role in the modulation of high-density
lipoprotein metabolism and promotes the
metabolism of atherogenic apo-Â-containing
lipoproteins. An increased plasma concentration
of EL is associated with an increased triglyceride
level and an increased concentration of
apolipoprotein B in the blood plasma. These facts
indicate that EL is one of a number of key
regulatory enzymes of lipid metabolism [37].

Endothelial lipase is expressed by endothelial
cells and is localized on these cells in many organs
as well as on microphages. This lipase very poorly

hydrolyses triacylglicerids, but it is affective as
A1 phospholipase hydrolysing the bond between
fatty acid and phospholipid glycerine in position 1.
A distinctive feature of endothelial lipase regulation
is the induction of its expression by anti-inflammatory
cytokines such as IL-1β and TNF-α, and by the
shear stress in the vessel [38].

It has been established that EL is identified
as a new member of the triglyceride gene family.
EL is very similar to lipoprotein lipase and hepatic
lipase but is a more sensitive marker of
phospholipid hydrolysis. EL is the only lipase that
is synthesized by endothelial cells [37].

EL was studied in hemodialysis patients and
it was found that it is the prevalent enzyme
responsible for the lipolytical catabolism of HDLP
and resolves the paradox observed between the
low level of liver lipase and decreased HDLP
cholesterol level in these patients. Besides, the
ability to evaluate EL plasma concentration
expands our knowledge about the mechanisms
involved in overcoming HDLP and cardiovascular
risk in patients with low HDLP value [39].

Also, the EL plasma concentration was
increased in patient with diabetes mellitus. The
impaired ability to induce cholesterol outflow in
these patients is mainly associated with the low
HDLP level and subclinical inflammation [40].

Endothelial lipase is the main factor
determining HDLP metabolism and promoting the
recruitment of monocytes. Local expression of
EL can directly influence atherogenesis in addition
to its systemic role in the HDLP metabolism. The
EL gene has a common polymorphism 584C/T
and is associated with the HDLP level and
cardiovascular risk [41].

Karen O. Badellino et al.'s study provides
evidence that plasm inflammatory markers
directly correlate with EL plasma concentrations
in humans, and experimental endotoxemia
considerably increases the EL plasma
concentration proving that EL is restored by
inflammation in humans. This mechanism may
partly account for the low HDLP cholesterol
levels in obesity and metabolic syndrome. In a
sample of 800 patients from the cohort of no-
symptom subjects who have at least one family
member experiencing an early onset of coronary
artery disease, increased EL plasma concentration
is negatively correlated with HDLP plasma
concentrations [42]. In another sample of
80 overweight subjects, those with high EL plasma
concentrations reduced HDL2-C, HDL-phospholipid
and HDL2-phospholipids as compared to patients
with a lower EL concentration [43].
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Multiple linear regression analysis in Spanish-
speaking subjects demonstrated an unexpected
correlation between the T111I gene and increased
HDLP and total cholesterol. The lipase activity
of the selected missense mutants was
investigated and different impacts on the EL
function were established from normal to
complete loss of activity. The results of this
multidisciplinary approach determined the impact
of EL and its variants on HDLP. Moreover, the
results showed that EL is able to modulate
vascular health due to its role in the signal
pathways of fatty acids [44].

Inhibition or loss of EL function in mice leads
to an increase in high-density lipoprotein
cholesterol, which makes it a potential therapeutic
target [45].

Conclusion
Therefore, the development of NAFLD is

closely connected to metabolic disorders such as
IR, overweight, and combination with hypertension,
which causes not only progression of the
pathological process in the liver, but also the
development of CVDs. Taking into account that
NAFLD is considered a cardiovascular risk
predictor, its timely early diagnostics can improve
the patients' life quality and prevent fatal
complications. Thus, it can be pointed out that
EL is a new marker of the cardiovascular risk
that is closely associated with dyslipidaemia and
insulin resistance and is poorly investigated in
relation to NAFLD.
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