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The relationship between endothelial dysfunction and
serum aminotransferase levels in nhonalcoholic fatty liver disease

Alkole bagh olmayan karaciger yaglanmasi olan olgularda endotel disfonksiyonu ile
serum aminotransferaz enzim duizeyleri arasindaki iligki
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Objectives: We assessed endothelial dysfunction, a pre-
cursor finding of atherosclerosis, and its severity in relation
with aminotransferase levels in patients with nonalcoholic
fatty liver disease (NAFLD).

Study design: Fifty-two patients without chronic alcohol
ingestion were found to have NAFLD on routine abdominal
ultrasonographic examination. Aminotransferase enzyme
levels were normal in 26 patients (mean age 47+10 years),
and elevated in 26 patients (mean age 48+12 years). The
brachial artery was examined with Doppler ultrasonography
to determine endothelium-dependent flow-mediated dilation
in response to reactive hyperemia. Nonendothelium-depen-
dent vasodilation was assessed following sublingual nitro-
glycerine administration. The results were compared with
those of a control group of 27 age- and sex-matched patients
(mean age 52+11 years) without NAFLD.

Results: Patients with NAFLD had significantly higher fast-
ing plasma glucose, HDL-cholesterol and total cholesterol
levels, but the two patient groups did not differ in this
respect. Baseline brachial diameters were similar in all the
groups. Flow-mediated dilatation in response to reactive
hyperemia significantly decreased in both patient groups
compared to controls, but this decrease was more promi-
nent in patients with an elevated aminotransferase level
(p=0.03). No significant differences were found between
the three groups following nitroglycerine administration
(p>0.05). Multivariate analysis showed NAFLD as an inde-
pendent determinant of reduced endothelium-dependent
vascular relaxation (beta= -0.574, p=0.000).

Conclusion: Our data suggest that elevated aminotrans-
ferase enzyme levels in patients with NAFLD may predict
endothelial dysfunction and the risk for cardiovascular
events.

Key words: Brachial artery/ultrasonography; coronary arterioscle-
rosis/physiopathology; endothelium, vascular/ultrasonography;
fatty liver/complications; risk factors.

Amag: Alkole bagl olmayan karaciger yaglanmasi olan has-
talarda, ateroskleroz gelisiminin bir 5ngérdurticusi olan endo-
tel disfonksiyonu degerlendirildi ve bu durumun aminotransfe-
raz diizeyleriyle iligkisi arastirildi.

Calisma plani: Kronik alkol alimi éykisu olmayan 52
hastanin rutin abdominal ultrasonografik incelemesinde
karaciger yaglanmasi saptandi. Bu hastalarin 26’sinda
(ort. yas 47+10) aminotransferaz enzim duzeyi normal
bulunurken, 26’sinda (ort. yas 48+12) yiksek bulundu.
Tdm hastalarda reaktif hiperemiye yanit olarak, brakiyal
arterden endotele bagimli damar genislemesi Doppler ult-
rasonografi ile élcildi. Endotele bagiml olmayan vazodi-
latasyon ise dilalti nitrogliserin uygulamasi sonrasi deger-
lendirildi. Sonuglar, yas ve cinsiyet uyumlu ve karaciger
yaglanmasi olmayan 27 hastanin (ort. yas 52+11) sonug-
lariyla karsilastirldi.

Bulgular: Karaciger yaglanmasi olan hastalarda aclik plaz-
ma glukoz, HDL-kolesterol ve toplam kolesterol dlzeyleri
kontrol grubundan anlamli derecede yiksek bulundu; ancak,
enzim dizeyi normal ve yiksek olan hastalar arasinda bu
acidan fark yoktu. Reaktif hiperemi sonrasinda akima bagim-
I dilatasyon, kontrol grubuyla karsilastiriidiginda her iki has-
ta grubunda da anlamli derecede disuk bulundu; bu disik-
Ik, aminotransferaz dlzeyi yiksek olan grupta daha belirgin-
di (p=0.03). Nitrogliserin uygulamasi sonrasinda gruplar ara-
sinda anlamh farkliik gézlenmedi (p>0.05). Cokdegiskenli
analizde, alkole baglh olmayan karaciger yaglanmasinin en-
dotele bagimli vaskdler relaksasyondaki azalma igin bagim-
siz belirleyici oldugu gérildu (beta= -0.574, p=0.000).
Sonug: Bulgularimiz, alkole bagh olmayan karaciger yag-
lanmasinda gérilen aminotransferaz yiksekliginin endotel
disfonksiyonu ve kardiyovaskuler olaylar igin 6ngérdurtcl
olabilecegini gdstermektedir.

Anahtar sézciikler: Brakiyal arter/ultrasonografi; koroner arteriosk-

leroz/fizyopatoloji; endotel, vaskiler/ultrasonografi; karaciger yag-
lanmasi/komplikasyon; risk faktora.
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Nonalcoholic fatty liver disease represents a spec-
trum of hepatic disorders characterized by
macrovesicular steatosis, with histology ranging
from “simple” steatosis to nonalcoholic steatohepati-
tis. The latter represents a shift from fatty infiltration
to an inflammatory/fibrosing disease that may
progress to cirrhosis. For a long time, the presence of
hepatic steatosis was considered a benign manifesta-
tion with unimportant clinical significance. However,
recent studies indicate a broad spectrum of clinical
and pathological manifestations that develop in indi-
viduals with nonalcoholic hepatic steatosis, a condi-
tion which is termed as nonalcoholic fatty liver dis-
ease (NAFLD)."” This condition affects approxi-
mately 15-30% of the general population, with an
increased prevalence up to 70-90% in people with
obesity or type 2 diabetes."*

Both NAFLD and atherosclerosis have common
risk factors such as obesity, hyperlipidemia, and
insulin resistance which are associated with high
morbidity and mortality."* Moreover, NAFLD itself
may result in endothelial dysfunction, which is a pre-
cursor finding of atherosclerosis in patients without
overt atherosclerosis.”” In this study, we aimed to
assess endothelial dysfunction in NAFLD patients
and its severity in relation with normal and increased
aminotransferase levels.

PATIENTS AND METHODS

This study was performed by cardiology and gas-
troenterology departments. Fifty-two patients with-
out chronic alcohol ingestion were included. All the
patients had mild degree of hepatosteatosis
(NAFLD) on routine abdominal ultrasonographic
(USG) examination. Of these, the level of amino-
transferase enzyme was normal in 26 patients (mean
age 4710 years), and 1.5-2 times above the normal
level in 26 patients (mean age 48+12 years). The
control group consisted of 27 age- and sex-matched
patients (mean age 52+11 years) without NAFLD.
All the subjects participating in the study gave
informed consent. Ingestion of alcohol was less than
40 gr/week in all the patients.

Exclusion criteria included the following: viral
hepatic diseases; autoimmune hepatic diseases;
ingestion of more than 40 gr ethanol/week; alpha-1
antitrypsin deficiency; hemochromatosis/transferrin
saturation >60%; Wilson’s disease; toxic hepatic dis-
ease diagnosed within the past six months; use of
hepatotoxic drugs within six months; use of medica-
tions for NAFLD within six months; gastrointestinal
surgery, gastropexy, jejunoileal bypass, extensive

small bowel resection, and biliopancreatic diversion
surgery; biliary obstruction and primary biliary cir-
rhosis; pregnancy; loss of more than 20% of total
body weight within three months; cancer; impaired
cognitive functions; age older than 65 years; treat-
ment with total parenteral nutrition within six
months; known atherosclerotic vascular disease or a
positive treadmill test with two or more risk factors
for atherosclerosis.

After 12 hours of fasting, serum aspartate
transaminase (AST), alanine transaminase (ALT),
low-density lipoprotein (LDL) cholesterol, high-den-
sity lipoprotein (HDL) cholesterol, total cholesterol,
triglyceride, and fasting glucose levels, and hepatitis
markers were determined. Height, weight, waist cir-
cumference, and body mass index were measured
and recorded.

Brachial artery assessment. Echocardiographic
examination was performed using the Vivid 7 sys-
tem (General Electric, Horten, Norway) with a 2.5
to 3.5 MHz transducer. The brachial artery was
examined with Doppler USG (Vivid 7) by experi-
enced cardiologists using a 10 MHz linear array
probe. Each participant was studied in the morning
following abstinence from caffeine, tobacco, and
food for eight hours before the study. Endothelium-
dependent flow-mediated dilation of the brachial
artery was assessed noninvasively in response to
reactive hyperemia. Briefly, a nontortuous segment
of the brachial artery above the antecubital fossa
was identified and scanned in a longitudinal fash-
ion. Once depth and gain settings were adjusted to
optimize images of the lumen to arterial wall inter-
face, baseline scanning was performed with images
magnified in a 20x20-mm viewing window. A
pneumatic blood pressure cuff positioned above the
elbow was then inflated for five minutes at a pres-
sure of 250 mmHg, after which the cuff was
released and the artery imaged continuously for
five minutes. After 10 minutes of allowing partici-
pants to return to baseline conditions, images of
baseline and three minutes after 400 pg sublingual
nitroglycerine administration were obtained to
assess nonendothelium-dependent vasodilation.
End-diastolic frames (coincident with the electro-
cardiographic R wave) from three consecutive car-
diac cycles of the baseline, reactive hyperemia, and
post-nitroglycerine images were digitized and ana-
lyzed by one observer blinded to the protocol. To
minimize reader bias, a second observer who was
also blinded to the protocol analyzed digitized
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Table 1. Baseline characteristics of the two patient groups with nonalcoholic fatty liver disease with normal and
increased aminotransferase levels compared to the control group

Control (n=27)

Enzyme-normal (n=26) Enzyme-elevated (n=26)

n % MeantSD n %  MeanxSD n %  Mean+SD P1 p2
Mean age (years) 52+11 47x10 48+12 NS NS
Male 5 185 5 19.2 6 23.1 NS NS
Smoking habit 1 3.7 2 77 1 3.9 NS NS
Family history 4 148 5 19.2 6 23.1 NS NS
Diabetes - 6 231 5 19.2 0.033 NS
HbA1C (%) 5.01 5.97 6.01 0.001 NS
Body surface area (m?) 1.88+1.1 1.91+£0.8 1.87£1.0 NS NS
Heart rate (beat/min) 70.7£12 67.4+14 73.6£11 NS NS
Blood pressure (mmHg)
Systolic 143+23 139+37 144+33 NS NS
Diastolic 85+11 88+13 7914 NS NS
Ejection fraction (%) 69.4+10.3 64.1+8.8 62.9+9.1 NS NS
Plasma glucose (mg/dl) 96.3+x17.0 122.9+50.4 120.7+46.9  0.031 NS
Total cholesterol (mg/dl) 194.64£34.5 217.6+41.6 224.8+51.2 0.018 NS
HDL-cholesterol (mg/dl) 38.9+£7.7 50.5+9.1 52.2+15.8 0.000 NS
LDL-cholesterol (mg/dl) 129.9+£35.0 131.7+£34.2 139.8+40.3 NS NS
Triglyceride (mg/dl) 176.6+109.2 185.1+£105.3 181.9+98.5 NS NS
BUN (mg/dl) 23.949.8 26.8+10.3 25.7+7.0 NS NS
Creatinin (mg/dl) 0.8+0.2 0.6+0.1 0.7+0.1 NS NS
Uric acid (mg/dl) 5.0£1.7 5.2+1.4 5.4+1.6 NS NS
AST (U/) 20.8+5.3 22.9+6.0 41.2+11.3 0.01 0.000
ALT (U/l) 24.7+6.8 27.4+8.4 61.3+16.5 0.01 0.000
ALP (U/) 20188 20557 220.7£91.7 NS NS

BUN: Blood urea nitrogen; AST: Aspartate transaminase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; NS: Not significant;
p1: Comparison between the patients and the control group; p,: Comparison between the two patient groups.

images from 35 randomly selected patients.
Endothelium-dependent flow-mediated dilation
and nonendothelium-dependent vasodilation were
calculated as the percent changes in brachial artery
diameter compared to the baseline, one minute
after reactive hyperemia and three minutes after
sublingual nitroglycerine administration, respec-
tively. The interobserver and intraobserver vari-
abilities for the measurements of brachial artery
diameter were less than 4%.

Statistical analysis. Data were expressed as meant
standard deviation (SD). All statistical analyses were
processed using SPSS for Windows (version 11.5).
One-way ANOVA test followed by Tukey’s post-hoc
analysis was used for comparison of the study
groups. Univariate correlations were sought using the
Spearman’s correlation analysis. Multivariate analy-
ses included stepwise regression and the general lin-
ear model to seek independent determinants of
reduced endothelium-dependent vasodilation among
increased serum lipids, glucose, HbAlc parameters,
and NAFLD. All probability values were two-tailed,
and a p value of less than 0.05 was considered statis-
tically significant.

RESULTS

Demographic, clinical, and biochemical characteris-
tics of the study groups are summarized in Table 1.
Among the three groups, there were no significant
differences with regard to age, smoking habit, LDL-
cholesterol level, and family history of atherosclero-
sis. Patients with NAFLD exhibited significantly
higher fasting plasma glucose, HDL-cholesterol and
total cholesterol levels (Table 1), but the two patient
groups did not differ in this respect.

Baseline brachial diameters did not differ signifi-
cantly between the three groups (Table 2). Flow-
mediated dilation in response to reactive hyperemia
significantly decreased in both patient groups com-
pared to controls, indicating impaired vascular
response (Table 2). This decrease was more promi-
nent in patients with an elevated aminotransferase
level compared to those with a normal enzyme level
(p=0.03). No significant differences were found
between the three groups with respect to nitroglycer-
ine-induced vasodilation rate (p>0.05).

The severity of NAFLD as assessed by enzyme
elevation was inversely correlated with flow-mediat-
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Table 2. Vascular parameters of the two patient groups with nonalcoholic fatty liver disease with normal and
increased aminotransferase levels compared to the control group

Aminotransferase level

Control (n=27)  Normal (n=26) Elevated (n=26) p1 P2 P3
Baseline vessel size (mm) 3.7+0.4 3.6+0.3 3.6x0.4 NS NS NS
Flow-mediated dilatation (%) 9.7+3.5 5.0+4.0 3.9+0.4 0.013  0.013 0.030
Increase in blood flow during hyperemia (%) 298+157 158+121 142115 0.001 0.001 0.04
Increase in diameter after nitroglycerine (%) 11.4£3.8 12.1£4.8 11.9+4.1 NS NS NS

p1: Comparison between the control group and patients with normal enzyme level; p,: Comparison between the control group and patients with elevated
enzyme level; p;: Comparison between the patients with normal and elevated enzyme levels; NS: Not significant

ed dilation (Spearman’s analysis; (r=-0.621, p=0.00)
(Fig. 1). There was no relationship between NAFLD
and nonendothelium-dependent vasodilation (p=0.6).

After correction of factors negatively affecting
endothelial functions, intergroup analysis showed
that patients with elevated enzyme levels had more
prominent endothelial dysfunction than those having
normal levels.

In multivariate analysis including NAFLD,
increased serum lipids, glucose, and HbAlc parame-
ters adjusted as covariates, NAFLD was found as the
only independent determinant of reduced endotheli-
um-dependent vasodilation (beta= -0.574, p=0.000).

DISCUSSION

Endothelial dysfunction is an important process
accepted as a predictor of atherosclerosis.>'"'"
Several clinical factors that play a major role in eti-
ologies of both endothelial dysfunction and NAFLD
are common, such as obesity, diabetes mellitus, dys-
lipidemia, metabolic syndrome, and carbohydrate-
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Figure 1. Analysis of correlation between endothelium-depen-
dent vasodilation and the severity of nonalcoholic fatty liver
disease in patients with normal and increased aminotrans-
ferase levels compared to the control group.

rich nutrition. This led us to seek a correlation
between NAFLD and endothelial dysfunction and to
assess the usefulness of NAFLD as a cardiac risk fac-
tor.*”'? The basic mechanism of endothelial dysfunc-
tion is impairment of endothelium-dependent vasodi-
lation resulting from imbalance of mediators affect-
ing endothelium for vasoconstriction."*' Release of
nitric oxide from endothelial cells is mainly regulat-
ed by potassium channels and this mechanism is
responsible for flow-induced vasodilation."
Oxidative stress occurs when antioxidant defence
mechanisms become inadequate and leads to
endothelial dysfunction initially by impairing
endothelium-dependent vasodilation."""*"' Persisting
oxidative stress and inadequate antioxidant mecha-
nisms could give rise to coronary artery disease evi-
dent by atherosclerotic plaques."*"”" Targher et al."¥
showed that NAFLD was associated with an
increased risk for future cardiovascular events
among type 2 diabetic patients. Importantly, this
association was independent of classical risk factors,
liver enzymes, and metabolic syndrome, a highly
atherogenic condition that is strongly correlated with
NAFLD. As a strong indicator of the correlation
between oxidative stress and atherosclerosis, reduced
activity of superoxide dismutase (SOD) enzyme, one
of the intracellular antioxidants, was shown in ather-
osclerotic cells of human coronary artery.!”
Noninvasive methods such as flow-mediated dilation
of the brachial artery have been developed to assess
peripheral arterial endothelial functions as an alterna-
tive to invasive methods to evaluate coronary risk
factors.""*

It has been shown that nondiabetic patients with
NAFLD have significantly decreased brachial
artery endothelial flow-mediated vasodilation com-
pared to matched healthy controls, and that this
decrease is correlated with histological features of
NAFLD independent of age, sex, body mass index,
HOMA-insulin resistance, and other metabolic syn-
drome components.”” In our study, endothelium-
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dependent vasodilation was found to be markedly
reduced in patients with NAFLD compared to con-
trols. Another important finding was that this
decrease was even more prominent in NAFLD
patients with elevated enzyme levels. This finding
suggests that NAFLD patients with higher enzyme
levels may have developed more severe and active
metabolic processes causing worsened endothelial
functions compared to those with normal enzyme
levels. Thus, this patient group may have a higher
probability for future cardiac events, requiring a
close follow-up. Although high levels of fasting
plasma glucose and cholesterol could be interpreted
as the cause of endothelial dysfunction in the
NAFLD group, the correlation between endotheli-
um-dependent vasodilation and NAFLD was still
prominent even after multivariate analysis.
Furthermore, endothelial dysfunction was more
pronounced in patients with higher enzyme levels,
even though fasting plasma glucose and cholesterol
levels were similar in the two patient groups.

Our study showed that endothelium-dependent
vasodilation, an indicator of endothelial function,
was significantly reduced in patients having both
NAFLD and an elevated aminotransferase level.

In the presence of NAFLD, a higher risk for car-
diovascular disease might be well explained by the
close association of NAFLD with metabolic risk fac-
tors making up metabolic syndrome; nevertheless,
cross-sectional and prospective studies support the
hypothesis that NAFLD itself represents a high risk
for cardiovascular disease independent of other prog-
nostic risk factors,” suggesting more complex and
intertwined interrelationships between NAFLD,
metabolic syndrome, and atherosclerosis. However,
irrespective of what the initiating pathophysiological
event is, the current body of evidence strongly
emphasizes the importance of evaluating the global
cardiovascular disease risk among patients diagnosed
as having NAFLD. Our data suggest that the pres-
ence of elevated aminotransferase enzyme levels
widely encountered in NAFLD patients may predict
endothelial dysfunction and consequently the risk for
cardiovascular events. Follow-up studies are neces-
sary to determine to what extent this association
affects long-term morbidity and mortality.

Limitations. Currently, Doppler USG of the brachial
artery in reactive hyperemia is the most widely used
method to analyze endothelial functions. In our
study, peripheral Doppler USG was used to assess
endothelial functions, which had been a frequently

used method in previous studies. Our study results
should be supported by invasive methods because
peripheral Doppler USG is still a nonstandardized
method and the gold standard for the diagnosis of
NAFLD is percutaneous liver biopsy.
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