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Abstract

Objective: We aimed to characterize the relationship between severe chronic alcoholism and
hepatic arterial wall disorders in humans.

Methods: We obtained hepatic arteries from 165 patients undergoing liver transplantation who
were placed into two etiological groups: an Alcoholism group and a Non-alcoholism group. We
compared the age, sex, lipid profile, and histologic characteristics of the hepatic arteries (normal,
reduction in luminal diameter of <10%, or atherosclerosis) of the participants in the two groups
using multifactor analyses.

Results: The Alcoholism group comprised 58 men and 40 women and the Non-alcoholism
group comprised 63 men and 4 women. The mean ages of the groups were 52.5 + 9.6 years
and 44.2 £ 13.8 years, respectively. There were no circulating lipid abnormalities in any of the
participants. In women, arterial disorders were found at a younger age than in men. Hepatic
arterial disorders were more frequent in the non-alcoholic participants, and women with alco-
holism showed less arterial narrowing.

Conclusion: The heavy consumption of alcoholic beverages is associated with a lower incidence
of atherosclerosis of the hepatic artery in humans.
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previous experimental, clinical, and epidemi-
ologic studies, the moderate consumption of
alcoholic beverages reduces the incidence of
cardiovascular disecases by increasing the
high-density lipoprotein (HDL)-cholesterol
concentration, which prevents endothelial
inflammation and reduces the formation of
atheromas.'™ In addition, the consumption
of alcoholic beverages has been associated
with a larger number of endothelial progeni-
tor cells and a greater capacity for endothelial
repair, which prevents atherosclerosis.'®!!
Other benefits of the moderate consumption
of alcohol have been reported to be a lower
risk of occlusive vascular disease, and reduc-
tions in the incidences of vascular dementia,
diabetes mellitus, and cardiac ischemia, when
compared with individuals who do not con-
sume alcohol.'?

In contrast, heavy and chronic alcohol
consumption is harmful to the cardiovascu-
lar system because it causes inflammation
and endothelial dysfunction, which are
associated with atherosclerosis, vasocon-
striction, and a higher risk of arterial hyper-
tension.'>'® The impairment in vascular
function is caused by a direct effect of alco-
hol on endothelial cells, which increases
intima-media thickness, and persists even
after alcohol consumption has ceased.'®
Furthermore, a meta-analysis showed no
evidence of a protective effect of alcohol
consumption on intima-media thickness,**
and there is a higher incidence of hemor-
rhagic stroke in alcohol consumers, owing
to the anticoagulant and hypertensive
effects of alcohol.'*!> 1227 Severe and
prolonged alcoholism is also associated
with hepatic dysfunction and a progressive
replacement of hepatocytes by fibroadipose
tissue, which can ultimately progress to cir-
rhosis. At this stage, liver function is substan-
tially impaired, and ascites, malabsorption,
and portal hypertension develop, along with
their consequences. Finally, alcoholism is

also a cause of irreversible chronic pancreati-
tis, 2832

In an attempt to resolve some of the con-
troversies in the literature with regard to the
relationship between alcoholism and arte-
riosclerosis, in the present study, we aimed
to characterize the relationship between
severe chronic alcoholism and hepatic arte-
rial wall disorders in humans.

Methods
Ethics

The present study is part of a line of research
related to alcoholism that was approved by
the Human Research Ethics Committee of
the Federal University of Minas Gerais
(UFMG), Brazil (approval number 124/
2012). Written informed consent was
obtained from all the participants, and all
the data presented has been de-identified.*’

Study design

We performed a retrospective study of the
medical records of 165 adult patients of
both sexes of >18 years of age, with no
upper age limit, who underwent liver trans-
plantation at the Hospital of Clinics of the
Federal University of Minas Gerais, Brazil.
For patients to be included in the study,
their medical records were required to
include clear information regarding the con-
sumption of alcoholic beverages and circu-
lating lipid concentrations measured <1
month prior to liver transplantation.
Another key inclusion criterion was perfect
condition of the hepatic artery removed with
the cirrhotic liver during liver transplanta-
tion and its storage in the Department of
Pathology. The participants were placed
into an Alcoholism group and a Non-
alcoholism group using the following
characteristics: patients of both sexes who
underwent liver transplantation because of
alcoholic cirrhosis and regular heavy alcohol
consumption (>90g alcohol/day)'® for
>20 years, and patients of both sexes who
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underwent liver transplantation because of
liver diseases unrelated to alcoholism, with
a consumption of alcohol equivalent to
<20 g alcohol per week, respectively.

Characteristics of the participants and
assessment of pathology

The age, sex, history of alcohol consump-
tion, history of liver disease, and the circu-
lating lipid concentrations prior to
transplantation were collected from the
medical records of the participants. The his-
tology of the liver sections obtained from
the participants was reviewed to confirm
the histological diagnosis of cirrhosis and
to choose the most representative example
of the hepatic hilum, including a perfect sec-
tion through the hepatic artery. When the
sections were not of sufficient quality, new
4-um sections were prepared for examina-
tion of the hepatic artery and stained with
hematoxylin and eosin, according to the
protocol of the Pathology Service. These
slides were analyzed by two pathologists,
who are specialists in vascular pathology,
and who had no knowledge of the partici-
pants. The hepatic arterial wall at the hilum

of the liver and in its intrahepatic branches
were classified as normal (absence of or
minimal changes in the hepatic arterial
wall), showing thickening (small, non-
specific changes in the subintimal layer of
the arterial wall, with chronic inflammation
and a <10% reduction in the luminal diam-
eter), or showing atherosclerosis (thicken-
ing of the arterial wall, associated with
intracellular lipid deposits in the media-
intima layer, in macrophages, foam cells,
and the interstitium, and with a >10%
reduction in luminal diameter) (Figure 1).

Statistical analysis

Categorical data are expressed as frequency
and percentage. Continuous data are
expressed as mean and standard deviation
when they are normally distributed, or as
median and first and third quartiles when
they are not normally distributed. The
Shapiro—Wilk test was used to determine
whether or not each dataset was normally
distributed. The chi-square test was used to
analyze categorical data and ANOVA was
used to analyze continuous data. Odds
ratios were used to compare the risk of
arterial disorders in the two groups.

Figure |. Photomicrograph of the hepatic artery wall in the hilum of a liver obtained from a participant
with alcoholic cirrhosis. Atherosclerosis and arterial intimal thickening is apparent, with a >10% reduction in
the diameter of the arterial lumen (L). The line defines the distance between the vascular endothelium (3)
and the internal elastic limit (arterial intimal layer) (@), and X indicates foam cells. The scale bar (lower left
corner) represents 200 um. Hematoxylin and eosin, 40 x magnification.
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The significance level was set as 0.05 and a
confidence level of >95% was used. SPSS
v.23 (IBM Corp., Armonk, NY, USA) was
used the analyze the data.

Results

The participants were largely male (121 men
(73%) and 44 women (27%); p<0.001).
Furthermore, the Non-alcoholism group
comprised 63 men and 4 women. The
mean age of the participants in the
Alcoholism group was 52.54+9.6 years,
with the men ranging from 23 to 71 (53.1 £
8.7) years of age and the women ranging
from 29 to 67 (48.9+£10.9) years of age
(p=0.194). The mean age of the participants
in the Non-alcoholism group was 44.2 +13.8
years, with the men ranging from 22 to 67
(44.94+13.8) years of age and the women
ranging from 18 to 67 (43.3 + 14.0) years of
age (p=0.675). There was no age difference
between the two groups, either overall or
according to sex.

The principal inclusion criterion for the
Alcoholism group was cirrhosis owing to
alcoholism as the indication for liver trans-
plantation. For the Non-alcoholism group,
patients were included that underwent
liver transplantation because of hepatitis
C-associated cirrhosis (19), chronic hepati-
tis B-associated cirrhosis (18), autoimmune
cirrhosis (15), primary sclerosing cholangi-
tis cirrhosis (9), or cryptogenic cirrhosis (6).

In men, there was no relationship
between age and arterial defects, but in
women, arterial defects became more
common with advancing age (p=0.019)
(Table 1). A higher level of pathology was
identified in the hepatic arteries of men than
of women of equivalent age (Table 1).

The circulating lipid concentrations of
all the participants in both groups were
within the normal ranges and there were
no differences between men and women.
Furthermore, no relationships  were

Table I. Ages of the male and female participants
who had each type of histological change in the
hepatic artery.

Hepatic artery

pathology Men VWomen P
Normal (n=85) 49.7+106 4344128 0.040
Thickening (n=59) 52.0+11.7 502+13.8 0.703

Atherosclerosis 522+103 46.5+134 0.653

(h=21)

Data are mean =+ standard deviation and were analyzed
using the chi-square test.

identified between the lipid concentrations
and the arterial disorders (Table 2).

Defects of the hepatic arterial walls were
more common in the Non-alcoholism
group in both sexes (p=0.012). Finally,
the participants in the Non-alcoholism
group (group 2) had an odds ratio for arte-
rial defects of 2.37 versus the Alcoholism
group (group 1) (Table 3).

Discussion

Previous studies have yielded contradictory
results with respect to the relationship of
alcoholism with arterial wall disorders,
probably because the methods used to
assess the amount and timing of alcohol
consumption, and the age, sex, and comor-
bidities of the participants differed.' Most
of these studies showed a lower incidence of
atherosclerosis in patients who drink a
small (<20 g of alcohol per day, which cor-
responds to approximately one measure of
a spirit) to moderate (20 to 70 g of alcohol
per day) amount of alcohol each day.'®!!-16
By contrast, heavy alcohol consumption
(>90¢g of alcohol per day, which corre-
sponds to approximately five measures of
spirit per day, for >5 years) is associated
with endocrine, metabolic, hepatic, pancreat-
ic, cardiovascular,  bronchopulmonary,
esophageal, central nervous system, and
head and neck diseases, but the mechanism
whereby alcohol affects their etiopathogenesis
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Table 2. Circulating lipid concentrations associated with histological disorders of the hepatic artery in the

participants.

Lipid species Normal (n=85)  Thickening (n=59) Atherosclerosis (hn=21) P

Total cholesterol (mmol/L)  4.050 £ 0.357 4.053+0.442 4.053+0.463 0.891
HDL-C (mmol/L) 1.198 £0.129 1.156 £0.168 1.198 £0.323 0.472
LDL-C (mmol/L) 2.398 £0.269 2.480 +£0.442 2.612£0.507 0.600
VLDL-C (mmol/L 0.489 +£0.088 0.466 +0.078 0.517£0.179 0.891
Triglycerides (mmol/L) 1.014+0.219 0.994 £0.181 0.964 +0.284 0.942

Data are mean =+ standard deviation and were analyzed using the chi-square test. HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; VLDL-C, very low-density lipoprotein-cholesterol.

Table 3. Hepatic arterial wall pathology in the Alcoholism and Non-alcoholism groups.

Alcoholism group

Non-alcoholism group

Hepatic artery pathology Men (n=58) Women (n =40) Men (n=63) Women (n=4)
Normal 31 (53%) 28 (70%) 24 (38%) 2 (50%)
Thickening 20 (35%) 10 (25%) 28 (44%) I (25%)
Atherosclerosis 7 (12%) 2 (5%) I (18%) | (25%)

Data are numbers (percentages). Hepatic arterial thickening and atherosclerosis were more frequent in the Non-
alcoholism group than in the Alcoholism group in both sexes (p =0.012, chi square test). The odds ratio was 2.37

(95% confidence interval 1.25-4.52).

has yet to be well defined. Furthermore, alco-
holism is associated with atherosclerosis and
thromboembolism, ¥ 18:34.35-37.38 Previous
studies have shown that alcohol consumption
tends to increase the stability of atheroma-
tous plaques in large arteries, such as the
aorta and the common iliac and femoral
arteries, but this benefit has not been demon-
strated in small and medium-sized arteries,
including the coronary and hepatic arter-
ies.®®* In the present study, the arterial
wall defects of two groups of patients who
underwent liver transplantation because of
severe cirrhosis, the first because of alcohol-
ism and the second because of other causes,
were compared. The indications for liver
transplantation in the present study do not
differ from those described in the litera-
ture 233137

The participants in the Non-alcoholism
group 2 rarely consumed alcohol, and most
did not drink alcoholic beverages at all,
mainly to prevent aggravation of their

liver disease. Liver transplantation was typ-
ically recommended to individuals in this
group at a younger age than for those in
the Alcoholism group. This difference was
consistent with the results of previous stud-
ies, because primary liver diseases and met-
abolic disorders that affect the liver typically
develop at a younger age and progress more
rapidly®® ¥ The Hepatdnaviridae, which
cause hepatitis B, and the Flaviviridae,
which cause hepatitis C, are also able to
destroy hepatocytes more rapidly than
heavy alcohol consumption.** Total scleros-
ing cholangitis prevents biliary drainage, and
the resulting intrahepatic cholestasis dam-
ages hepatocytes.’” In contrast, most
patients with alcoholism do not have a pre-
vious history of liver disease, and it takes a
long time for their hepatocyte reserve to be
substantially depleted by heavy alcohol con-
sumption.” !

All the hepatic arteries collected by the
Pathology Service that were in good enough
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condition for histological analysis and had
been removed from adult patients who
had undergone liver transplantation were
studied. For each of the participants in the
non-Alcoholism group, complete and reli-
able medical records regarding the non-
consumption of alcoholic beverages were
available, but although the study was
open to both sexes, only four women in
this group were found to satisfy the inclu-
sion criteria for the present study. This is a
very small number for the purposes of sta-
tistical analysis, but it reflects the reality of
our patient population and did not compro-
mise the principal findings of the study.

The prevalence of alcoholism in the male
participants in the present study is consis-
tent with the results of previous studies,
which have shown a higher prevalence in
men than women, by factors of 2:1 to
14:128:2%-3145 Although alcoholism typically
develops in men at a young age, and gener-
ally before it does in women, liver cirrhosis
is typically identified in men at an older age
than in women.*’ In the present study, the
age of men with severe alcoholic liver cirrho-
sis who required transplantation was also
higher than that in women. Therefore,
women may be less resistant to the effects
of chronic alcohol consumption on the
liver than men, and it should be noted that
women usually tolerate less alcohol than
men.'*?> However, we could not find results
of any previous studies that support this
contention, which therefore requires further
investigation.

Previous studies of arterial disorders
have been imaging studies or studies of
arteries obtained from cadavers.*>%16:23:46
Thus, the present study is the first of the
relationship between arterial histopatholo-
gy and alcoholism in a medium-sized artery
obtained from live patients. The hepatic
artery was chosen for this purpose because
it is always removed with the original liver
during liver transplantation. The histologi-
cal details were not included in the data

because none of the findings were relevant
and this was not an objective of the study.

In the general population, atherosclero-
sis is more prevalent in people of >50 years
of age and in women. By contrast, when
atherosclerosis occurs in young individuals,
it is more common in men.*>*162347 Thjg
angiopathy is the result of a chronic endo-
thelial disorder, and involves vasomotor
changes, the release of pro-inflammatory
substances, and thromboactive lipoprotein
deposits in the arterial walls.'®->34%-4749
the present study, the prevalence of athero-
sclerosis was higher in men, despite only
tending to be present in participants of
>50 years of age. Factors known to be
associated with a higher risk of vascular dis-
ease, such as obesity, smoking, diabetes
mellitus, and physical inactivity, were not
quantified in the present study, and there-
fore we will not discuss these further. In
addition, we found that the circulating con-
centrations of the cholesterol fractions and
triglycerides were within their normal
ranges in all of the participants, regardless
of the cause of the cirrhosis in both men
and women. Thus, the liver cirrhosis and
atherosclerosis in the participants were not
associated with dyslipidemia.

In the present study, we found that the
incidence of atherosclerosis was lower in
participants with alcoholism. Previous stud-
ies have shown that the moderate consump-
tion of alcoholic beverages, even daily,
is associated with lower incidences of ische-
mic coronary disease and myocardial
infarction.!® However, in the Alcoholism
group, the participants had consumed
large amounts of alcohol daily for >20
years. The present findings contrast with
previous findings that heavy alcohol con-
sumption is associated with cardiovascular
disease, including thromboembolism.
Although such an analysis was not an
objective of the present study, none of the
participants’ records showed a history of
cardiovascular disorders. Participants in
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the Alcoholism group showed less athero-
sclerosis and hepatic arterial thickening
than those in the Non-alcoholism group.
It is important to recognize that the
women with alcoholism showed less athero-
sclerosis than the men. Alcohol intoxication
has deleterious effects on the liver, especial-
ly in women; however, alcoholism seems to
protect the endothelium of medium-sized
arteries against atherosclerosis. However,
we could not find an explanation for the
relationship between alcoholism and arteri-
al disorders in the literature. Although a
lower prevalence of atherosclerosis was
found in participants with alcoholism in
the present study, it was not possible to
identify a mechanism by which heavy alco-
hol consumption might affect the etiopa-
thogenesis of atherosclerosis.

More research is needed before a defini-
tive statement can be made regarding the
relationship between alcoholism and ath-
erosclerosis. It would also be useful to com-
pare the arterial anastomoses performed
during liver transplantation in patients
with alcoholic cirrhosis and in those with
cirrhosis of other etiologies, to determine
whether the lower prevalence of atheroscle-
rosis is associated with less arterial obstruc-
tion and stenosis. Patients with alcoholism
should also be studied with respect to the
link with immunity and the incidence of
post-transplantation complications.

Conclusion

The consumption of alcoholic beverages is
associated with atherosclerosis and stenosis
of the hepatic artery, principally in men, but
there is no direct relationship with the
amount of alcohol consumed or the severity
of alcoholic cirrhosis.
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