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Implications of alcoholic cirrhosis in atherosclerosis of 
autopsied patients
luciAno Alves MAtiAs dA silveirA1*, BiAncA GonçAlves silvA torquAto1, MAriAnA silvA oliveirA1, GuilHerMe riBeiro JuliAno1, 

líviA FerreirA oliveirA1, cAMilA lourencini cAvellAni1, luciAnA sAntos rAMAlHo1, AnA pAulA espindulA1,  

vicente de pAulA Antunes teixeirA1, MArA lúciA FonsecA FerrAz1

1General Pathology Sector, Biological and Natural Sciences Institute (ICBN), Universidade Federal do Triângulo Mineiro (UFTM), Uberaba, MG, Brazil

suMMarY

Study conducted at the General Pathology 

Division, Universidade Federal do Triângulo 

Mineiro (UFTM), Uberaba, MG, Brazil

Article received: 6/29/2016

Accepted for publication: 10/19/2016

*Correspondence: 

Disciplina de Patologia Geral, Instituto de 

Ciências Biológicas e Naturais, UFTM

Address: Av. Frei Paulino, 30

Uberaba, MG – Brazil

Postal code: 38025-180

drluciano@hotmail.com

http://dx.doi.org/10.1590/1806-9282.63.04.336

Introduction: Alcoholism is a major public health problem, which has a high 
social cost and affects many aspects of human activity. Liver disease is one of the 
first consequences of alcohol abuse, and steatosis, liver cirrhosis and hepatitis 
may occur. Other organs are also affected with pathological changes, such as 
pancreatitis, cardiomyopathies, dyslipidemias and atherosclerosis. 
Objective: To identify the occurrence and degree of atherosclerosis in alcohol-
-dependent individuals with liver cirrhosis, observing macroscopic and micros-
copic changes in lipid and collagen deposits and in the liver. We also aimed to 
verify the association of lipid and collagen fiber deposits with gender, age and 
body mass index, and to relate alcoholism, liver cirrhosis and atherosclerosis.
Method: We performed a study based on autopsy reports of patients with 
alcoholic liver cirrhosis, with analysis of aorta and liver fragments to verify the 
occurrence and degree of atherosclerosis, as well as collagen contents. 
Results: Microscopic atherosclerosis was higher in young subjects (early injury) 
and in patients with alcoholic liver cirrhosis. The macroscopic analysis of 
atherosclerosis in aortas showed that patients in more advanced age groups presented 
more severe classifications. Atherosclerosis, both micro and macroscopically, and 
the percentage of fibrosis in the liver and aorta were more expressive in females. 
Conclusion: Cirrhotic patients presented a higher percentage of fibrosis and 
lipidosis, and may represent a group susceptible to the accelerated progression of 
cardiovascular diseases. Investigative studies contribute to targeting health-promoting 
interventions, reducing the mortality and costs of treating cardiovascular disease.
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introduction
Alcoholism is a major public health problem and has a 
high social cost, affecting various aspects of human acti-
vity.1 In the liver, the alcohol produces toxic products 
such as acetaldehyde and acetic free radicals, highly reac-
tive and potentially damaging to liver cells.2 Acetaldehyde 
is one of the causes of liver fibrogenesis, which triggers 
an interrelationship between two cell types resident in 
the hepatic sinusoids: Kupffer cells and stellate Ito cells.3 

Liver disease is one of the first consequences of alco-
hol abuse.4,5 Some complications include steatosis, liver 
cirrhosis and hepatitis, but other organs are also affected, 

with pathological changes such as pancreatitis, cardio-
myopathy, cardiac arrhythmias, hypertension, hemor-
rhagic outbreak, anemia, cancer, immunosuppression, 
sudden death, dyslipidemia and atherosclerosis.1,6,7

These products can interfere with the normal me-
tabolism of other nutrients, particularly lipids, and con-
tribute to liver cell damage. Atherosclerosis is the term 
used to describe “damage to the large and medium-sized 
arteries with deposit of yellow plaques containing cho-
lesterol and lipoid material.” Such plaques – formed by 
the proliferation of smooth muscle cells, cholesterol de-
position and infiltration of mononuclear cells – reduce 
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endothelial function, limiting the effective diameter of 
the vessels, and can also cause thrombosis, which can 
trigger various kinds of strokes, such as sudden death 
from myocardial infarction.8

Several risk factors have been described for athero-
genic development, such as dyslipidemia, hypertension, 
diabetes, smoking, alcohol abuse and physical inactivity. 
Lipid profile has been widely studied for its strong asso-
ciation with atherogenesis.9 The most characteristic com-
ponent of atherosclerosis is chronic inflammation of the 
artery walls, pointing out the importance of inflammation 
for the severity of the disease.10

Regarding the advances in diagnostic and therapeutic 
areas, cardiovascular disease remains a major cause of mor-
tality worldwide11 and, in view of the epidemiological pro-
file of the Brazilian population, further research is essential 
to identify risk groups and enable interventions to prevent 
the incidence and progression of these diseases. In addition, 
current treatment methods must be improved, seeking new 
therapeutic targets and specific biomarkers that prove to 
be useful in the medical practice. Classic research related 
to the circulatory system mainly involves histopathologic 
descriptions of pathophysiological processes.11

Our study aimed to quantify collagen fibers in the 
aorta and liver of autopsied patients with and without 
alcoholic cirrhosis, and to associate the percentage of 
these fibers with the degree of atherosclerosis, age and 
BMI of patients, in order to validate the hypothesis that 
patients with cirrhosis have a higher degree of atheroscle-
rosis and higher percentage of collagen fibers both in the 
liver and in the aorta.

Method
This study was approved by the Ethics Committee of the 
Federal University of Triângulo Mineiro (UFTM, in the 
Portuguese acronym), under number 888.

The sampling comprised 30 samples of aorta and 30 
of liver from autopsies routinely performed at the Clinical 
Hospital of the Federal University of Triângulo Mineiro, 
in the city of Uberaba, State of Minas Gerais, between 1983 
and 2008. The information and the fragments were col-
lected by two pathologists responsible for the autopsies 
performed by the Division of General Pathology of the 
Clinical Hospital of the UFTM.

Based on autopsy reports, 15 patients were selected, 
aged over 18 years and with alcoholic liver cirrhosis. For 
the control cases, 15 patients without alcoholic cirrhosis 
were selected, matched for gender, color and age and with 
no cardiovascular disease, autopsied at the same period. 
Thirty aortic fragments were removed transversely, mea-

suring about 20 x 1 mm, and 30 liver fragments of the 
right lobe were collected, with approximately 2 x 2 cm.

As a contributor to the nutritional assessment of pa-
tients, the body mass index (BMI) was calculated using 
the following formula: weight (kg)/height2 (m). Patients 
were classified according to BMI as underweight (BMI less 
than 18.5 kg/m2), normal (between 18.5 and 24.99 kg/m2), 
overweight (between 25.0 and 29.99 kg/m2) or obese (over 
30.0 kg/m2). For this classification, the standards of the 
World Health Organization were applied (WHO, 2004). 

Macroscopic analysis of the aorta
Macroscopic degree of atherosclerosis was classified into 
mild, moderate or severe. From this criterion, the obser-
vers of this study described quantitatively the atheroscle-
rotic arteriosclerosis. For this evaluation, the extent of 
atheromatous plaques and the intensity of fibrosis and 
calcification were considered.12

The aortas were evaluated with the aid of a standard 
scale of 12.0 cm. Each examiner subjectively measured 
the degree of atherosclerosis using a non-millimetric scale, 
marking a point on the scale. Next, with a ruler, the dis-
tance from 0.0 to the point marked on the scale was mea-
sured. The observers standardized atherosclerosis, accord-
ing to its intensity, categorizing as mild from 0.1 cm to 
4.0 cm, moderate from 4.1 cm to 7.0 cm, and severe from 
7.1 cm to 12.0 cm.12

Microscopic analysis of aorta and liver fragments
The slides were stained with hematoxylin and eosin (HE) 
for semi-quantitative evaluation of lipid deposits, analy-
zed under common light microscopy. After this analysis, 
the degree of lipid deposit was classified as mild, when 
the involvement of the section analyzed was less than 25%; 
moderate from 26 to 50%, and severe if greater than 50%. 
The morphological evaluation method of the aortas was 
adapted from other studies.13,14

Slides stained with picro-sirius were used for quantifi-
cation of collagen fibers in the inner layer of the aorta (Fig-
ures 1 and 2) and throughout the extension of the liver cut, 
examined under polarized light with a 20x objective, final 
magnification of 800x. The analyses of collagen fibers were 
performed by morphometric software using the automat-
ic image analysis system KS-300® (Kontron-Zeiss). 

Statistical analyses
Initially, a Microsoft Excel® spreadsheet was produced 
and data were analyzed using Graphpad Prism®5.0 soft-
ware. The normality of the data was checked with Kol-
mogorov-Smirnov test. Since the distribution was non-
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results
Thirty patients were selected, with 15 cases of alcoholic liver 
cirrhosis found in the analyzed period, corresponding to 4.2% 
of autopsy reports, and 15 without cirrhosis. The patients 
were divided into four groups: group 1 (mild atherosclerosis, 
without cirrhosis), group 2 (moderate and severe atheros-
clerosis, without cirrhosis), group 3 (mild atherosclerosis, 
cirrhotic), and group 4 (moderate and severe atherosclerosis, 
cirrhotic). The general characteristics of the samples were 
analyzed with descriptive methods presented in Table 1. 

TABLE 1 General characteristics of the samples.

Data Cirrhotic
(n=15)

Non-cirrhotic
(n=15)

Total
(n=30)

Atherosclerosis 

Mild 10 13 23 

Moderate and severe 5 2 7 

Gender 

Female 4 5 9 

Male 11 10 21 

Color 

White 12 10 22 

Non-white 3 5 8 

By associating liver fibrosis with cirrhosis and atheroscle-
rosis, we found that cirrhotic patients with mild atheros-
clerosis showed a higher percentage of liver fibrosis than 
cirrhotic patients with moderate and severe atheroscle-
rosis (p<0.0001).

As for aortic fibrosis, cirrhotic patients had a signifi-
cantly higher percentage of fibrosis than the non-cirrhot-
ic ones (p<0.0001). Among those with moderate and severe 
atherosclerosis, the degree of atherosclerosis was higher 
in cirrhotic patients (p<0.0001).

Considering the association of BMI with cirrhosis 
and atherosclerosis, cirrhotic patients with mild athero-
sclerosis had higher BMI than those with moderate and 
severe atherosclerosis (p=0.0017).  

Analyzing all patients, in general and in groups, both 
BMI and macroscopic atherosclerotic severity signifi-
cantly increased with age (p<0.0001 for all correlations). 
However, with advancing age, aortic fibrosis decreased 
significantly (p<0.0001) in groups 3 and 4 (cirrhotic).

In all groups, the BMI increased significantly with 
liver fibrosis (p<0.0001 for all correlations). The macro-
scopic degree of atherosclerosis increased significantly 
with the increase of liver fibrosis in all groups (p<0.0001). 
Aortic fibrosis decreased significantly with hepatic fibro-
sis only in group 3 (p<0.0001).

FIGURE 1 Histologic section of the intima layer in human aorta 

under polarized light, stained with picro-sirius, with end magnifica-

tion of 800x. Discrete fibrosis is observed.

FIGURE 2 Histologic section of the intima layer in human aorta 

under polarized light, stained with picro-sirius, with end magnifica-

tion of 800x. Pronounced fibrosis is observed.

-normal, we used Mann-Whitney test to compare the two 
groups and Kruskall-Wallis test for comparison between 
three or more groups. The Spearman correlation coef-
ficient was used to correlate two variables. Differences 
were considered statistically significant at p<0.05.
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discussion
Our analysis led to the confirmation of the hypothesis that 
cirrhotic patients have a higher degree of atherosclerosis 
and aortic fibrosis than non-cirrhotic ones. Furthermore, 
we observed that liver fibrosis increases with BMI and the 
intensity of atherosclerosis. This shows a possible link 
between the two diseases, and the worsening of liver disea-
se could influence the formation of atherosclerotic plaques. 

There is increasing evidence that atherosclerosis starts 
to develop early in life, progressing to more advanced 
stages since young adulthood.15 We also noted a higher 
degree of atherosclerosis and aortic fibrosis in patients 
with alcoholic liver cirrhosis. A possible explanation for 
this would be that the vitamins involved in homocysteine 
metabolism might be reduced in chronic alcoholism, thus 
leading to the accumulation of homocysteine, primary 
indicator of atherogenesis.7 Furthermore, it has been 
discussed that increased levels of homocysteine in patients 
with alcoholic liver disease also have consequences to the 
liver, triggering endoplasmic stress16 and inhibiting the 
production of adiponectin, a hormone that induces li-
polysis,17 stimulates fatty acid oxidation18 and inhibits 
the production of hepatic glucose.19

Adipose tissue plays a crucial role in the regulation 
of fatty acid homeostasis in the entire body. The idea of 
a dynamic adipose tissue as an endocrine organ is being 
increasingly recognized, which is very important for the 
regulation of metabolism in health and disease condi-
tions. Adipocytes secrete proteins called adipokines, such 
as adiponectin, resistin, Il-6, TNF-alpha, and leptin;20,21 
and overweight individuals have altered secretion of 
adipokines, increasing the production of TNF-alpha and 
IL-6 by macrophages, which fuels inflammatory pro-
cesses.22 Lifestyle is a significant factor in the development 
of hepatic steatosis, since it can promote weight gain, 
ultimately leading to obesity, generating an increase in 
inflammatory cytokines and insulin resistance that can, 
in turn, lead to inflammation of visceral fat and increased 
accumulation of fat in the liver. This cycle of responses 
of the organism to obesity and the development of he-
patic steatosis trigger chronic inflammation (increased 
C-reactive protein, interleukin 6 and tumor necrosis 
factor alpha), hypercoagulation, hyperlipidemia (in-
creased levels of triglycerides, decreased HDL-cholester-
ol levels and possible increased LDL), which increases 
the risk of heart disease.23 This information corroborates 
our findings, where patients with higher BMI showed a 
higher degree of cirrhosis and atherosclerosis. 

Analysis in the aortas showed that older patients pre-
sented more intense macroscopic atherosclerosis. This 

may be due to progression of the disease; in more advanced 
stages, there is the formation of fibrous connective tissue, 
associated with a lipid core, called fibroatheroma.24

Regarding fibrosis in the liver of cirrhotic patients, 
the high incidence may have been a result of repeated use 
of alcohol.3 Triglyceride storage in the form of VLDL is a 
physiological mechanism that prevents the accumulation 
of neutral fats in the liver, since VLDL is carried away 
from the organ. However, excess ethanol causes changes 
in the triglyceride storage mechanism, and this causes 
severe cellular stress, resulting in the accumulation of 
neutral fats in hepatocytes, which can later lead to fibro-
sis and cirrhosis.25
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resuMo

Implicações da doença hepática alcoólica na aterosclero-
se de pacientes autopsiados

Introdução: O alcoolismo é um grande problema de 
saúde pública, de elevado custo social e que afeta vários 
aspectos da atividade humana. Hepatopatia é uma das 
primeiras consequências do abuso de álcool, podendo 
ocorrer esteatose, cirrose hepática e hepatite. Outros ór-
gãos, porém, também são afetados, ocorrendo alterações 
patológicas, como pancreatite, cardiomiopatias, dislipi-
demias e aterosclerose. 
Objetivo: Identificar a ocorrência e a intensidade de ate-
rosclerose em alcoolistas com cirrose hepática, observan-
do alterações macro e microscópicas do depósito lipídico 
e de fibras colágenas e fígado. Verificar a associação de 
depósito lipídico e de fibras colágenas com gênero, idade 
e índice de massa corporal (IMC). Relacionar alcoolismo, 
cirrose hepática e aterosclerose.
Método: Foi realizado estudo com base em laudos de 
autópsias de pacientes com cirrose hepática alcoólica, 
sendo estudados aortas e fígados para verificar a ocorrên-
cia e a intensidade de aterosclerose, bem como a quanti-
dade de colágeno encontrada. 
Resultados: A aterosclerose microscópica foi maior em 
jovens (lesão inicial) e em pacientes com cirrose hepática 
alcoólica. A análise macroscópica da aterosclerose nas aor-
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tas mostrou que pacientes com faixas etárias mais avançadas 
apresentaram classificações mais intensas. A aterosclerose, 
tanto micro quanto macroscopicamente, e a porcentagem 
de fibrose no fígado e na aorta foram mais expressivas no 
gênero feminino. 
Conclusão: Os pacientes cirróticos apresentaram maior 
porcentagem de fibrose e lipidose, e podem representar 
um grupo susceptível à acelerada progressão de doenças 
cardiovasculares. Estudos investigativos contribuem para 
o direcionamento das intervenções promotoras da saúde, 
reduzindo a mortalidade e os custos no tratamento das 
doenças cardiovasculares.

Palavras-chave: aterosclerose, cirrose hepática alcoó-
lica, autópsia.
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