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Alcoholism: A systemic proinflammatory condition
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Abstract
Excessive ethanol consumption affects virtually any 
organ, both by indirect and direct mechanisms. Con-
siderable research in the last two decades has widened 
the knowledge about the paramount importance of 
proinflammatory cytokines and oxidative damage in 
the pathogenesis of many of the systemic manifesta-
tions of alcoholism. These cytokines derive primarily 
from activated Kupffer cells exposed to Gram-negative 
intestinal bacteria, which reach the liver in supra-phys-
iological amounts due to ethanol-mediated increased 
gut permeability. Reactive oxygen species (ROS) that 
enhance the inflammatory response are generated both 
by activation of Kupffer cells and by the direct meta-
bolic effects of ethanol. The effects of this increased 
cytokine secretion and ROS generation lie far beyond 
liver damage. In addition to the classic consequences 
of endotoxemia associated with liver cirrhosis that were 

described several decades ago, important research in 
the last ten years has shown that cytokines may also 
induce damage in remote organs such as brain, bone, 
muscle, heart, lung, gonads, peripheral nerve, and pan-
creas. These effects are even seen in alcoholics without 
significant liver disease. Therefore, alcoholism can be 
viewed as an inflammatory condition, a concept which 
opens the possibility of using new therapeutic weapons 
to treat some of the complications of this devastating 
and frequent disease. In this review we examine some 
of the most outstanding consequences of the altered 
cytokine regulation that occurs in alcoholics in organs 
other than the liver. 
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Core tip: Alcoholism is a multisystemic disease. In the 
last ten years it has been shown that an inflammatory 
response is triggered by ethanol itself, by reactive oxy-
gen species derived from ethanol metabolism, and by 
increased amounts of mainly Gram-negative bacteria 
that reach liver and peripheral organs due to ethanol-
induced increased intestinal permeability. In addition 
to direct organ injury caused by ethanol itself, these 
mechanisms especially affect end organs such as brain, 
lung, muscle, bone, heart, blood vessels, pancreas, and 
the immune system. The main features of these effects 
are highlighted in this review.
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INTRODUCTION
It has been well known for more than two decades that in 
alcoholic hepatitis, cytokine production (by Kupffer cells 
and other liver cells) and reactive oxygen species (ROS) 
production (by activated macrophages and through the 
effects of  ethanol metabolism) play a major role in the 
development and progression of  liver disease[1]. The 
role of  ethanol and ethanol-mediated inflammation in 
the pathogenesis of  alcoholic hepatitis, together with 
the importance of  ethanol-mediated bacterial transloca-
tion (both Gram-negative and Gram-positive[2]) has been 
subjected to robust research in the last decade. Excellent 
reviews on this topic have been written recently[3-7]. How-
ever, the effects of  ethanol metabolism and increased 
ROS and cytokine production are by no means restricted 
to the liver[8]. Along with the increased knowledge about 
the key metabolic pathways by which ethanol consump-
tion leads to the development of  alcoholic hepatitis, it has 
also been shown that cytokines and lipopolysaccharide 
(LPS) may induce damage in remote organs in alcoholics, 
even in those without significant liver disease. There is a 
clear-cut relation between oxidative damage and inflam-
mation and alcoholism-associated diseases such as brain 
dysfunction, bone and muscle diseases, lung alterations, 
increased severity of  infections, malnutrition, and an in-
creased prevalence of  cardiovascular disease or cancer. 
Lipid peroxidation may be also involved in ethanol-medi-
ated testicular injury[9] and ovarian dysfunction[10]. Malnu-
trition, a frequent complication of  alcoholism[11], is also 
associated with increased bacterial translocation and with 
spreading of  bacteria due to altered immunity[12], there-
fore contributing to systemic alterations and increased 
mortality. Mortality of  mice fed a protein-poor diet that 
were exposed to endotoxin was 70% vs 0% in normally 
fed animals[13]. 

This review is mainly devoted to analyzing the sys-
temic effects provoked by ethanol on organs other than 
the liver. The development of  cancer is an important 
consequence of  heavy alcoholism. However, increased 
cytokine secretion and inflammation probably derive, in 
part, from the tumor itself. For this reason, cancer will 
not be discussed in this review. 

Central nervous system alterations
Several different clinical scenarios derived from the ef-
fects of  alcohol on the central nervous system (CNS) 
may be considered in the clinical evaluation of  patients 
with impaired mood and/or judgement, obtundation or 
coma, with or without symptoms related to cerebellar 
dysfunction (Table 1). 

Brain atrophy is the most common CNS complica-
tion of  heavy alcoholics and it may lead to dementia, 
even in young drinkers[14]. Although some discrepancy 
exists regarding the prevalence of  cognitive impairment, 
its mildest forms have been documented in 50%-80% of  
alcoholics[15]. 

Ethanol provokes generalized brain shrinkage and af-

fects both cerebral white matter and cortical grey matter. 
This is especially evident using magnetic resonance imag-
ing. Both increased neuronal death and decreased neuro-
genesis account for such an effect. In general, the intensi-
ty of  brain atrophy has been associated with the intensity 
of  ethanol consumption. Ding et al[16] observed a relation 
between the amount of  ethanol ingested and the area of  
the fluid-filled spaces in the brain. Harper[17] showed an 
increase in the pericerebral space in men drinking more 
than 8 drinks per day. 

Neuronal death in alcoholics is related to the inflam-
matory status of  these patients. Two transcription factors 
are important for neuronal survival: cAMP responsive 
element binding protein (CREB), which promotes neuro-
nal survival and protects neurons from excitotoxicity, and 
nuclear factor κB (NFκB), which is proinflammatory. 
Activation of  NFκB transcription is associated with in-
creases in tumor necrosis factor (TNF)-α. Ethanol treat-
ment is associated with higher DNA binding to NFκB 
and a reduced binding to CREB[18]. CREB regulates brain 
derived neurotrophic factor. It is reduced in alcoholic 
models, especially in areas of  neurodegeneration[19]. 
Therefore, ethanol causes a decrease in trophic signals 
together with an increase in proinflammatory ones. 

Neurogenesis takes place in at least two regions of  
the normal adult brain: the subventricular zone of  the 
anterior lateral ventricles and the subgranular zone of  
the dentate gyrus. Ethanol directly inhibits neurogenesis, 
mainly affecting neural stem cell proliferation[20]; ethanol-
induced inflammation enhances this effect[21]. 

Peripheral endotoxemia results in brain inflamma-
tion, probably due to increased cytokine secretion. These 
cytokines may be locally produced or they may be trans-
ported from serum to brain - especially TNF-α, inter-
leukin (IL)-1β, IL-6 and interferon γ (IFNG)[22]. Within 
the brain, several toll-like receptors (TLRs) are located on 
glial cells, especially microglia and astrocytes. Both cells 
produce cytokines when stimulated by their correspond-
ing ligands[23]. In ethanol-treated mice, within an hour 
of  LPS injection there is a several-fold increase in proin-
flammatory cytokines in serum, liver, and brain. Whereas 
liver and serum levels returned to normal values within 
a day, brain cytokines lasted for long periods[24]. On the 
other hand, there is also evidence that ethanol is able to 
directly activate the (TLR)-4/type Ⅰ IL-1 receptor on as-
trocytes, leading to recruitment of  downstream signaling 
molecules and promoting cytokine secretion[25]. Ethanol 
also up-regulates inducible nitric oxide synthase (iNOS) 
and cyclooxygenase (COX)-2, causing inflammation and 
cell death within 3 h[26]. In addition, ethanol increases 
the brain expression of  NADPH oxidase (NOX) that 
persists at least 8 d after abstinence[25]. Increases in NOX 
induce production of  ROS, which play an outstanding 
role in brain degeneration[27], since they enhance TNF-α 
production by microglial cells[28]. 

Oxidative stress may also depend on other mecha-
nisms. Alcoholics are prone to falls and traumatic brain 
injury[29]. Increased iron has been related to early edema 
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and late brain atrophy after intracerebral bleeding, a proc-
ess which may be reversed by deferoxamine[30]. After 
bleeding, once hemoglobin is degraded, iron concentra-
tion increases several fold[31], and causes edema and brain 
lesion by oxidative stress. A single study has failed to find 
any relation between vermal atrophy and dentate iron 
concentrations - assessed by magnetic resonance - in 
alcoholics[32]. Recent reports suggest that antioxidants - 
including red wine - may improve cognitive dysfunction, 
at least in Alzheimer disease[33], reinforcing the possibility 
that oxidative damage plays a major role in cognitive im-
pairment. 

By these mechanisms, ethanol leads to brain atrophy, 
which recovers slowly after months of  abstinence[34,35]. As 
in other organs affected by ethanol, cytokines play a piv-
otal role.

Muscle
In alcoholics two forms of  myopathy have been de-
scribed: acute rhabdomyolysis and chronic alcoholic my-
opathy. The latter is defined by muscle atrophy and weak-
ness that affects predominantly proximal muscles and 
that is sometimes incapacitating. It may affect 40%-60% 
alcoholics, constituting the most frequent form of  my-
opathy, at least in Western countries[36].

The main histologic feature is type Ⅱ fiber atrophy[36]. 
Fiber atrophy ensues from an imbalance between protein 
synthesis and protein breakdown, although apoptosis of  
muscle fibers has been also described[37]. Ethanol exerts 
a direct effect on protein synthesis, reducing translational 
efficiency by dephosphorylation of  mTOR, a protein-
kinase system that controls mRNA translation, an ef-

fect which may be more intense in men[38]. In addition, 
ethanol may alter insulin and insulin-like growth factor 
(IGF)-1 signaling, which may contribute to muscle at-
rophy given their important roles in growth and muscle 
metabolism. The effect on these factors may also lead to 
oxidative damage and mitochondrial dysfunction. Oxida-
tive stress may also inhibit acetylcholinesterase, which 
may be further involved in myofiber atrophy[39]. High 
TNF-α levels increase protein catabolism via the ubiqui-
tin/proteasome system and impair protein synthesis in 
skeletal and cardiac muscle[38]. TNF-α exerts its action 
by activating the NFκB pathway in muscle, an effect 
strongly potentiated by IFNG. Indeed, several cytokines 
such as IL-6, IFNG, and IL-1β modulate the effects of  
TNF-α. Leptin, an adipokine which regulates fat mass 
by decreasing food intake and increasing resting energy, 
also exerts a proinflammatory effect in alcoholics[40]. 
Leptin promotes Th-1 immune response, increases mac-
rophage production of  IL-6 and TNF-α, and activates 
neutrophils[41]. The role of  proinflammatory cytokines on 
muscle atrophy is supported by the finding of  an inverse 
association between TNF-α and IL-6 and muscle mass in 
elderly individuals[42]. In a study on 55 alcoholics without 
cirrhosis, TNF-α was inversely related to lean mass, es-
pecially in the legs. Despite the theoretical protective ef-
fect of  IL-15 on muscle, we failed to find an association 
between decreased lean mass in alcoholics and decreased 
levels of  IL-15. Higher values were observed in alco-
holics than in controls[43]. In these alcoholic patients, as 
was shown in the study mentioned previously, IL-6 was 
inversely related with muscle mass (measured on the left 
arm). Regarding oxidative damage, Fernández-Sola et al[44] 
did not find a clear relation between alcoholic myopathy 
and lipid peroxidation. They found a 16% reduction in 
gluthathione peroxidase activity but a 13% increase in su-
peroxide dismutase activity. However, in an experimental 
study with rats using the Lieber-deCarli model, we found 
that both protein deficiency and ethanol contributed to 
type Ⅱ muscle fiber atrophy. This, in turn, was associated 
with increased muscle MDA levels and muscle iron over-
load[45]. 

Other factors may be also involved. Ethanol, and 
especially acetaldehyde, may alter muscle membranes by 
forming protein adducts which leads to disturbed func-
tion[46]. Ethanol was associated with increased myostatin 
expression in cardiac myocytes of  alcoholic patients with 
dilated alcoholic cardiomyopathy[47]. Similar results were 
shown in an experimental study on skeletal muscle in 
ethanol-treated HIV-1 transgenic rats[48]. Decreased vita-
min D levels, a common finding in alcoholics, may also 
contribute to the development of  alcoholic myopathy. 
Serum 1,25 (OH)2D3 levels were lower in ethanol-fed 
rats following the Lieber-de Carli model and were directly 
related to type Ⅱ muscle fiber area[49]. However, the exact 
role and mechanism of  action of  vitamin D in alcoholic 
myopathy are still areas of  uncertainty. 

Alcoholics also develop peripheral polyneuropathy, 
which may lead to muscle atrophy. In addition to nutri-
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Table 1  Central nervous system alterations in alcoholic 
patients

Anatomo-clinical 
forms of chronic 
central nervous 
system damage 

Brain cortical and subcortical atrophy
Cerebellar degeneration
Decreased blood flow
Pellagra
Wernicke-Korsakoff encephalopathy
Marchiafava-Bignami disease
Central pontine myelinolysis
Increased prevalence of stroke 
Cerebral trauma

Clinical features 
of brain atrophy

May vary from frank dementia to subtle alterations 
Reversible with prolonged ethanol withdrawal

Underlying 
anatomic lesions 
of brain atrophy

Neuronal death 
Apoptosis
Decreased neuronogenesis
White matter alterations 

Main mechanisms 
of brain atrophy

Effects of ethanol and lipopolysaccharide 
Cytokine (especially TNF-α) mediated 
neuroinflammation.
Oxidative damage (mainly ethanol-mediated), iron 
excess
Vitamins (antioxidants?) deficiency
Protein deficiency and malnutrition?
Excitotoxicity?
Co-existing liver disease?

TNF: tumor necrosis factor.
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within the lung, ethanol also affects circulating cells such 
as neutrophils, macrophages, monocytes and lympho-
cytes. However, there are some conflicting results regard-
ing total lymphocyte count, lymphocyte subsets, and 
monocyte function in alcoholic experimental models and 
human studies. 

In the systemic circulation, uptake of  endotoxin and 
cytokine production takes place primarily in splenic and 
alveolar macrophages. In peripheral monocytes, acute 
ethanol down-regulates TNF-α production whether 
induced by IFNG, LPS, or by a combination of  both 
factors[69,70]. Simultaneously, it enhances production of  
IL-10[71], an inhibitory cytokine; the down-regulation of  
TNF-α production by monocytes depends not only on 
IL-10, but also on a direct effect of  ethanol[72]. When 
IL-10 level was compared among 25 chronic alcoholics 
and 20 non-alcoholics immediately after surgery, the for-
mer showed a four-fold increase in IL-10 than the latter, 
and a three-fold increased rate of  wound infection and 
pneumonia, as well as a prolonged stay in the intensive 
care unit[73]. Neutrophils from patients with alcoholic 
hepatitis show a lower baseline phagocytic capacity, pos-
sibly due in part to an inhibitory effect of  LPS[74].

In contrast with acute ethanol exposure, which de-
creases monocyte activation, in chronic alcoholics there 
is an enhanced cytokine production by these cells[75]. In a 
murine model of  septic peritonitis, splenic CD4+ popula-
tion was normal in ethanol-fed animals, but TNF-α and 
IFNG production was markedly increased compared with 
water-fed septic controls. In that study, the proportion of  
NK cells was decreased in alcoholic septic animals[76]. It 
is important to note that monocytes also become directly 
stimulated by Gram-positive bacteria through TLR-2[77]. 
Both signaling pathways contribute to increased TNF 
production. 

Discrepancy also exists regarding lymphocyte count 
and function. Laso et al[78] studied peripheral blood in 
patients with a first episode of  alcoholic hepatitis with 
no other lesions on liver biopsy and found an increased 
number of  CD4+ and CD8+ lymphocytes, NK cells and 
NKT cells. They also found an increase in cytotoxic ac-
tivity which persisted after a 3-mo withdrawal period. On 
the contrary, Matos et al[79] reported a decreased number 
of  all the lymphocyte subpopulations in alcoholics 
without advanced liver disease, and also in cirrhotics. A 
decreased lymphocyte count was described in adolescent 
alcoholics[80]. Others have found an increase in cytotoxic 
lymphocytes[81]. Ethanol also affects late differentiation 
of  progenitor B cells[82].

In any case, alcoholics are prone to more infections 
such as postoperative infections[83], pneumonia and sepsis, 
and also to an increased severity of  these infections[84,85]. 
The role of  altered immunity and cytokine response was 
studied in alcoholics with sepsis, non-alcoholics with sep-
sis, alcoholics admitted for programmed withdrawal, and 
controls. No differences were found in the inflammatory 
response in these groups besides low G-CSF and C-re-
active protein (CRP) levels in alcoholics with sepsis[86]. 

tional deficiency, a direct toxic effect of  acetaldehyde has 
been proposed as an etiologic factor. However, there is 
evidence that ethanol-induced lipid peroxidation and de-
fective antioxidant mechanisms within the sciatic nerve 
may be involved in the genesis of  polyneuropathy[50]. 
Therefore, the association between myopathy and neu-
ropathy in alcoholics might be due to direct effects on 
ethanol/acetaldehyde and ethanol-mediated oxidative 
stress on both organs. 

Lung damage
Ethanol intake is associated with an increased incidence 
of  acute respiratory distress syndrome (ARDS), irrespec-
tive of  the cause (septic, trauma, or ARDS in critically 
ill patients)[51]. Alcoholism carries a relative risk of  3.7 
(1.83-7.71)[52] for ARDS, and alcoholics need mechanical 
ventilation more frequently than non-alcoholics[53]. There 
is also an increased prevalence of  pneumonia, mainly due 
to Streptococcus pneumoniae[54], Klebsiella, Haemophilus, Cam-
pylobacter, or Legionella. Pneumonia is the main cause of  
sepsis, the course of  pneumonia is protracted, and the se-
verity of  pneumonia and pneumonia-associated sepsis is 
greater[55,56]. Although many of  these effects may depend 
upon altered oropharyngeal flora and esophageal motility, 
it is also important to be aware of  local conditions in the 
lungs[57]. Alcohol alters the normal alveolar barrier func-
tion, induces oxidative stress and alters the channel func-
tion of  alveolar type 2 epithelial cells[58]. This causes de-
hydration of  the epithelial lining fluid, mucus stasis, and 
inflammation, a constellation which favors the growth of  
bacteria. As in other organs, there is also up-regulation of  
NADPH oxidase, with generation of  increased amounts 
of  H2O2. Additionally, a marked decrease - up to 80% 
- of  glutathione in the epithelial lining fluid has been 
observed in the lungs[59], severely decreasing antioxidant 
capacity. This pro-oxidant milieu leads to activation of  al-
veolar macrophages which secrete increased amounts of  
cytokines such as IL-13 and transforming growth factor 
β-1 (TGF β-1)[60]. After an endotoxemia challenge there 
was a five-fold increase of  TGF-β into the alveolar space 
of  alcoholized rats, inducing edema[61]. Pulmonary mac-
rophages show decreased defensive capacity[62,63], and re-
cover after restoration of  glutathione[64]. Moreover, in the 
face of  a decreased GSH pool, T-lymphocytes become 
activated with a shift to a Th-2 phenotype, which con-
tributes to an increased secretion of  the aforementioned 
immunosuppressive cytokines[65]. Depleted antioxidant 
mechanisms may also inactivate α-1 proteinase inhibi-
tor[66], an event which would favor the development of  
emphysema. In addition, ethanol may also inhibit GM-
CSF expression in the lung of  experimental animals. This 
factor, the expression of  which is reduced in oxidative 
stress, is essential for activating and priming alveolar 
macrophage function. Its decreased expression leads to 
a blunted defensive response[67]. In the lung, previous 
alcohol exposure favors burn injury by upregulation of  
IL-18[68]. 

In addition to the impairment of  the defense system 
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Table 2  Main factors involved in ethanol-associated 
osteopenia

Siggins et al[87] showed that ethanol markedly impaired the 
granulopoietic response to pulmonary Streptococcus pneumo-
niae infection by interrupting normal signaling of  G-CSF 
on granulopoiesis and enhancing the inhibitory signaling 
pathway which induces cell cycling arrest. Von Dossow et 
al[88] found a decreased inflammatory response in alcohol-
ics in the early phase of  septic shock, with lower TNF-α, 
IL-6, IL-8 and IL-1b than non alcoholics. 

Therefore, alcoholics show impaired defense against 
infections. Both local and systemic alterations lead to an 
increased prevalence of  severe lung disease. 

Chronic pancreatitis
Acute pancreatitis is characterized by a “cytokine storm”, 
which is not related to ethanol itself, but to the acute 
pancreatic inflammation. Chronic pancreatitis is common 
in alcoholics, is partly responsible for nutritional impair-
ment among these patients, and poses a risk for the de-
velopment of  pancreatic cancer. 

Ethanol leads to progressive fibrosis of  the pancreas 
due to its direct and indirect effects on pancreatic stellate 
cells. Cytokines such as TGF β-1 activate pancreatic stel-
late cells, which leads to their transformation into myofi-
broblasts. These cytokines are produced by macrophages 
infiltrating the pancreas in early stages of  the necrotic-
fibrotic process[89]. Activated myofibroblasts, epithelial 
ductal cells, macrophages, granulocytes, and lymphocytes 
secrete TGF β-1, TGF β-1 precursor peptide, and plate-
let-derived growth factor B. These cytokines increase 
fibrous tissue deposition. Yasuda et al[90] studied 109 pa-
tients and reported significantly increased serum TGF 
β-1 and fractalkine - a soluble monocyte chemoattractant 

- in the 52 patients with chronic alcoholic pancreatitis 
compared with the 57 non-alcoholic patients. Fractalkine 
levels increased in all these patients compared to 116 
controls, so they may constitute a valuable diagnostic tool 
for early stage of  the disease. It is of  interest that LPS 
may not only directly stimulate hepatic stellate cells, but 
also pancreatic ones, leading to pancreatic fibrosis[91]. The 
effect of  angiotensin Ⅱ on pancreatic fibrosis via induc-
tion of  TGF-β is also remarkable[92]. TNF-α is a main 
factor involved in the activation of  pancreatic stellate 
cells, whereas IL-6 seems to exert an anti-apoptotic effect 
on these cells[93].

Bone
Alcoholism is associated with several bone alterations, 
summarized in Table 2. Decreased bone synthesis is the 
common underlying mechanism. Aseptic necrosis is an 
uncommon complication of  uncertain pathogenesis, per-
haps related to liver steatosis[94].

Osteopenia depends on the disrupted homeostasis 
between bone synthesis and bone resorption. Ethanol 
directly inhibits osteoblast function. In 77 alcoholics and 
28 controls, marked differences in osteocalcin levels - a 
biochemical marker of  bone synthesis - and reduced bone 
mineral density (BMD) at different parts of  the skeleton 
were observed[95]. In an experimental model, Giuliani et al[96] 
showed a direct toxic effect of  ethanol, and especially 
acetaldehyde, on osteoblastogenesis. Ethanol-mediated 
oxidative stress may be involved in the reduced osteob-
last activity[97]. In close association with the inhibition of  
bone synthesis, ethanol may exert an inhibitory effect on 
bone growth. In two different sets of  patients[98], we have 
observed that those alcoholics who began to drink before 
18 years of  age (self  reported data) were shorter than the 
controls. These patients also showed Harris lines in their 
right tibiae, a condition attributed to episodes of  stunted 
growth and described in experimental malnutrition and 
in severe diseases and/or malnutrition during child-
hood. Delayed bone fracture repair may be also related 
to the inhibitory effect of  ethanol on bone synthesis[99]. 
It was recently shown that TNF-α, acting through TNF 
receptor 1, may be responsible, at least in part, for this 
inhibitory action[100]. Zinc is involved in bone synthesis, 
probably due to its effects on enzymes involved in DNA 
and RNA synthesis. Zinc supplementation increases bone 
growth in zinc-deficient growing animals or in premature 
children. Zinc deficiency has been described in alcoholics. 
The addition of  zinc increases reduced BMD in alcoholic 
rats, but the clinical significance of  this finding is uncer-
tain[101]. It has been also hypothesized that certain trace 
elements may be beneficial due to their antioxidant activ-
ity, but no consistent results are available. Inconclusive re-
sults were also observed for several substances with anti-
oxidative properties, which theoretically could counteract 
the ROS-mediated inhibition of  osteoblast function. 

In addition to the inhibition of  osteoblast function, 
increased bone breakdown has been reported in heavy 
alcoholics[95,102]. Ethanol effects on bone resorption may 
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Factors Main mechanism(s) involved

Direct effect of ethanol Direct effect on osteoblast function (oxidative 
damage). Possible effect on bone resorption 
(cytokines)

Liver disease Decreased absorption of proteins, calcium, 
vitamin D, nutrients in general
Altered hormonal profile (altered IGF-1, 
vitamin D, gonadal hormones)

Chronic pancreatitis Altered absorption. Malnutrition
Malnutrition Decreased osteoid synthesis. Decreased 

IGF-1 levels. Altered nutrient intake. Altered 
absorption. Increased cytokine levels?

Alcoholic 
hypogonadism

Altered trophic effect on bone and muscle

Alcoholic myopathy/
neuropathy

Altered trophic effect on bone (probably via 
Wnt β catenin pathway)

Iron excess (increased 
absorption)

Interference with osteoblast function

Zinc deficiency 
(malnutrition; alcohol?)

Possibly, defective protein synthesis 

Cytokines (IL-6; TNF-α) Possibly, increased bone resorption
Lifestyle Trauma. Bone fractures. Impaired nutrient 

intake

IGF: insulin-like growth factor; TNF: tumor necrosis factor; IL: inter-
leukin.
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be also mediated by oxidative damage[103]. Osteoclasts are 
the cells involved in bone resorption. Differentiation and 
activation of  osteoclasts involves binding of  receptor ac-
tivator of  NFκB (RANK) ligand (RANK-L) to RANK, 
expressed in pre-osteoclast cell membranes. Osteopro-
tegerin (OPG) is a soluble decoy receptor which ulti-
mately inhibits binding of  RANK-L to RANK, therefore 
preventing bone resorption. Cytokines such as TNF-α, 
IL-1 and IL-6 activate RANK-L[104]. However, hormones 
involved in bone homeostasis, such as estrogens, vitamin 
D, corticosteroids and parathyroid hormone modulate 
osteoprotegerin[105]. In the absence of  OPG, RANKL be-
comes activated by TNF-α, and bone resorption ensues. 
On the other hand, activation of  the Wnt-beta catenin 
system blocks osteoclastogenesis by increasing the OPG/
RANKL ratio. Therefore, TNF-α, IL-1 and IL-6 are 
also involved in bone alterations observed in alcoholics. 
The effects of  other cytokines, such as IL-4, IL-8, IL-13, 
IL-15, IL-17 and IL-10 on ethanol-mediated bone altera-
tions are less consistent. 

In any case, cytokines seem to play a role in ethanol-
mediated bone changes. Similarly to what happens in 
other organs, abstinence ameliorates these changes[106].
 
Cardiovascular system
Alcohol may affect the cardiovascular system in four 
ways: (1) Heavy ethanol consumption is associated with 
cardiomyopathy, usually of  the dilated phenotype. This 
process is reversible with ethanol withdrawal or even 
reduction in the amount consumed[107]; (2) It is associ-
ated with arrhythmias, usually atrial fibrillation, especially 
when binge drinking. The onset of  arrhythmias can pre-
cipitate myocardial infarction and sudden death[108]; (3) It 
seems to be a risk factor for hypertension[109]. However, 
in 1995 Gillman et al[110] studied a cohort of  139 young 
men and found the lowest systolic blood pressure among 
those consuming 1-3 drinks a day (up to 60 g of  ethanol); 
and (4) It is probably related to increased atheromatosis, 
although considerable controversy exists regarding this 
point. In this section we will discuss how alcohol, inflam-
mation, and oxidative stress are intertwined to affect car-
diovascular health. Finally, we will review the conflicting 
evidence of  alcohol as a cardiovascular risk factor.

Alcoholic cardiomyopathy: The effects of  alcohol on 
cardiac muscle are dose-dependent. In a study that com-
pared alcoholic patients with healthy controls, the former 
had a lower ejection fraction, a greater end-diastolic di-
ameter, and a greater left ventricular mass[107]. Ultrastruc-
tural changes in cardiomyocytes similar to those seen in 
humans have been shown in Wistar rats exposed to a diet 
where alcohol constituted 36% of  total caloric intake. 
These changes include myofibrillar disarray, large intracel-
lular vacuoles, mitochondrial swelling, lipofuscin granules, 
and lipid infiltration[111]. 

Metabolic changes have also been described, such as a 
decrease in respiratory enzyme and lactate dehydrogenase 
activity, a decrease in beta oxidation of  fatty acids, and 

an increase in alcohol dehydrogenase activity, which may 
lead to acetaldehyde accumulation and impaired protein 
synthesis. However, some studies have shown that ven-
tricular contractile and non-contractile protein synthesis 
inhibition may be directly mediated by alcohol. Addition-
ally, the oxidation of  acetaldehyde gives rise to ROS that 
are responsible for lipid peroxidation and organelle dam-
age through the oxidation of  amino acid residues. Possi-
bly, autophagia is also induced by acetaldehyde. All these 
effects eventually lead to myocardial injury[112]. 

Atrial fibrillation: Heavy alcohol intake is a risk factor 
for the development of  arrhythmias such as atrial fibril-
lation (AF). P wave signal averaging, which is a predictor 
of  paroxysmal AF, has been found to be prolonged in 
healthy subjects exposed to alcohol and in sober patients 
who have been diagnosed with paroxysmal AF associ-
ated with previous alcohol intake[113]. Once again, ROS 
play a major role in the pathogenesis of  AF in alcoholic 
patients. Reactive oxidative metabolites such as reduced 
glutathione and cysteine are associated with permanent 
AF. Interestingly, an association was not found between 
AF and elevated inflammatory markers such as C-reactive 
protein[114]. Lin et al[115] studied rabbit left atrium and pul-
monary vein specimens exposed to hydrogen peroxide. 
They showed that oxidative stress induced an increase in 
contractile force and a decrease in action potential length 
which led to the onset of  atrial fibrillation. These events 
are inhibited by free radical scavengers such as ascorbic 
acid or N-acetylcysteine, which has been used in clinical 
trials for the prevention of  AF[116]. The information from 
these studies can be extrapolated to the oxidative stress 
that occurs in alcoholics. 

Mechanical changes in myofibril activity have also 
been reported in association with oxidative stress. In par-
ticular, contractile dysfunction can be secondary to oxida-
tive modifications of  myofibrillar creatine kinase (MM-
CK) by nitrate species formed by the reaction of  NO 
with superoxide anions. Mihm et al[117] have shown that 
AF patients have decreased MM-CK maximum velocity 
and changes in myosin isoform gene expression. These 
patients tend to have a low velocity form of  myosin 
(β-myosin). Additionally, the extent of  nitration of  MM-
CK is inversely correlated with its maximum velocity and 
directly correlated with myosin isoform switching. These 
findings highlight the vulnerability of  myofibrils to oxida-
tive stress.

Hypertension: Epidemiological surveys show a J-shaped 
relationship between hypertension and alcohol consump-
tion. The threshold for increased risk is variable: the 
intake of  3 to 5 drinks per day was associated with in-
creased blood pressure in a study performed in 1977[118]. 
In an Australian study, hypertension was present in 10.4% 
of  subjects who consumed 3 glasses of  beer per day, 
whereas the prevalence of  hypertension among teetotal-
ers was 2.6%[119]. In an experimental study in alcoholized 
rats it was found that hypertension was related to an early 
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increase in catecholamine secretion, followed by a late 
increase in angiotensin Ⅱ[120]. 

Atherosclerosis: Angiotensin Ⅱ is an important media-
tor of  atherosclerosis. Atherosclerosis is an inflammatory 
process of  the vessel wall in which chemokines play a 
major role. These molecules recruit cells into the suben-
dothelial space, leading to the formation of  atheroscle-
rotic plaques and vascular inflammation. Atherosclerotic 
plaques have an inflammatory infiltrate with cells that 
secrete TNF-α and IFNG. This infiltrate contains mono-
cytes, macrophages, lipid-laden macrophages (foam cells) 
and T lymphocytes including T8 cytotoxic lymphocytes 
(containing proapoptotic perforin and Fas ligand), and 
T4 lymphocytes of  the Th-1 phenotype[121]. There is also 
a high proportion (30%) of  γδ lymphocytes and some 
Th-2 lymphocytes. 

Vulnerable plaques have a large soft lipid core and 
a fibrous cap formed by collagen and vascular smooth 
muscle cells that are lined by endothelium. The propor-
tion of  macrophages is increased in vulnerable plaques. 
They are attracted to the plaques by an increased ex-
pression of  endothelial cell adhesion molecules such as 
P-selectin, intercellular adhesion molecule 1 (ICAM-1), 
endothelial-leukocyte adhesion molecule-1, vascular 
cell adhesion molecule-1 (VCAM-1), and E- selectin[122]. 
These are upregulated by several risk factors (diabetes, 
oxidized low-density lipoproteins or LDL, smoking, and 
hypertension). Soluble mediators with a potent monocyte 
chemoattractant capacity, especially chemokines such as 
monocyte chemoattractant protein (MCP)-1, play a cru-
cial role in the genesis and evolution of  the plaque[123]. 
Macrophages infiltrating the plaque are of  diverse phe-
notype and are able to promote vascular smooth muscle 
cell apoptosis. This process is mediated by NO and 
Fas/Fas ligand interaction and is facilitated by TNF-α[122]. 
Oxidized LDL, advanced glycosylation end products, 
angiotensin Ⅱ, and endothelin activate macrophages. In 
addition, T-helper (CD4+) lymphocytes recognize oxi-
dized LDL as an antigen. They are also able to activate 
macrophages by binding to CD40, a macrophage surface 
protein. Activated macrophages promote tissue damage, 
angiogenesis, inflammation, coagulation, and fibrinolysis, 
which may lead to plaque rupture and thrombus forma-
tion. Alternatively, activated macrophages may also play a 
role: IL-10 knockout mice are more susceptible to athero-
sclerosis. However, the role of  other Th-2 cytokines, such 
as IL-4, is less known[124]. 

Impaired endothelial repair may also affect the de-
velopment of  atherosclerotic lesions. This reparative 
process is largely dependent upon the presence and activ-
ity of  fibrocytes and endothelial progenitor cells which 
migrate to the injured sites and restore the integrity of  
the vascular endothelium. Stromal cell-derived factor 1 
(SDF-1) and vascular endothelial growth factor promote 
differentiation and homing of  these cells in injured sites.

Ethanol consumption can interfere with these mecha-
nisms at different levels. In an experimental rat model, 

the intake of  a high dose of  ethanol was associated with 
considerable plaque formation. Low doses of  ethanol 
were associated with increased secretion of  SDF-1 by 
fibroblasts while high ethanol doses led to a reduced 
secretion. The number of  circulating fibrocytes was 
significantly lower in the high ethanol dose group when 
compared with controls, although a reduction in their 
number was also observed in rats treated with low doses 
of  ethanol[125]. Ethanol leads to increased iNOS expres-
sion, which may exert positive effects on myocardial 
blood flow. Ethanol also activates transient receptor po-
tential vanilloid 1 channels on perivascular sensory nerve 
terminals, which release calcitonine gene-related peptide, 
a potent vasodilator[126]. Moreover, moderate alcohol use 
is associated with a favorable serum lipid profile (increased 
high density lipoprotein or HDL, cholesterol, and lipo-
protein A1 levels), hemostatic factors (decreased fibrino-
gen), and adipokines (increased adiponectin)[127]. On the 
other hand, the effect of  ethanol on several cytokines, 
chemokines, oxidative metabolism, and inflammatory 
cells makes it theoretically possible that alcohol or its 
metabolites play paramount roles in ongoing atheroscle-
rosis and vascular inflammation. Ethanol metabolism 
is associated with oxidative damage, and oxidized LDL 
is a major factor contributing to atherosclerosis. In an 
experimental study on rats, ethanol promoted rat aortic 
vascular smooth muscle cell proliferation, accompanied 
by increased homocysteine levels and oxidized LDL. 
These findings support the pro-atherogenic effect of  
ethanol[128]. 

Alcoholic beverages usually contain several antioxi-
dants which counteract the deleterious effect of  excessive 
oxidation. In a study performed on 67 volunteers, indi-
viduals received 30 g of  ethanol in the form of  red wine, 
30 g of  de-alcoholized red wine, and 30 g of  alcohol in 
the form of  gin for 4 wk. The antioxidants contained in 
the alcoholic beverage reduced serum ICAM-1, E-selectin, 
and IL-6, and inhibited the expression of  lymphocyte 
function-associated antigen and CCR2 receptor, which 
suggests a protective effect of  antioxidants. However, 
in contrast with the deleterious effects of  high doses of  
ethanol, data relative to the effect of  lower doses are con-
flicting: ethanol added to polyphenols (in the form of  red 
wine) reduced IL-16, MCP-1, CD40 and CD40 ligand, 
and VCAM-1[129]. 

Alcoholism as a cardiovascular risk factor: Many stud-
ies show that light to moderate drinking is associated with 
a lower rate of  myocardial infarction[130] and stroke[131,132]. 
Although it has been argued that some bias could be 
present (self  reported ethanol consumption, the inclu-
sion of  light to moderate drinkers with healthy lifestyle 
behaviors, among other factors), these studies include 
more than 107000 individuals and they provide quite ro-
bust evidence. Many other studies show a J-shaped curve 
that illustrates the association between cardiovascular 
disease or mortality and alcohol intake. However, there is 
controversy regarding the amount of  ethanol that could 
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offer cardiovascular protection, since heavy drinkers are 
at increased cardiovascular risk. 

The controversy surrounding alcohol as a cardiovas-
cular risk factor extends to animal models. Several models 
of  the cardioprotective effects of  a moderate intake of  
alcohol have been published. In a study where rats were 
exposed to drinking water with 1% ethanol (equivalent 
to 18 g/d of  alcohol in an adult male) harmful effects 
were not found[133], but instead beneficial effects such 
as an improved lipid profile and lower pulmonary arte-
rial pressure were observed. In this study there were 
no changes in systemic arterial pressure. The beneficial 
effects of  moderate alcohol intake were recently dem-
onstrated by Lassaletta et al[134] in an experimental model 
of  chronic myocardial ischemia in swine. In addition to 
improved vasorelaxation, animals supplemented with 
alcohol had increased arteriolar density and consequently 
improved myocardial perfusion. Notch 2 receptor and 
Notch ligands Jagged 1 and 2 (involved in vascular re-
pair), were increased in the animals that received alcohol. 
Antiangiogenic proteins such as endostatin and IL-8 were 
decreased in this group, but no significant improvements 
were seen in hemodynamic variables. 

CONCLUSION
This review illustrates the complexity of  the interplay be-
tween ethanol, oxidative damage, cytokines and some or-
ganic complications seen in alcoholics. In addition to the 
direct effects of  ethanol, cytokine production (which is 
ultimately dependent on ethanol) seems to be involved in 
many of  the manifestations of  these patients, including 
mortality at an early adult age. As briefly reviewed, there 
is a considerable body of  knowledge about the systemic 
inflammatory reaction in alcoholics but there are many 
questions that remain unanswered. For instance, further 
studies are needed to elucidate the atherogenic effect of  
alcohol, the exact role of  vitamin D on the development 
of  alcoholic myopathy, the possible relationship between 
ethanol intake and emphysema, the therapeutic role of  
antioxidants, among others. In any case, the underlying 
proinflammatory status should be considered in the man-
agement of  these patients, in addition to the effects of  
other unhealthy lifestyle behaviors that may be present in 
alcoholics such as protein-calorie malnutrition, viral in-
fections and drug use. These factors complicate the cor-
rect diagnosis and management of  the multiple organic 
complications presented by alcoholics who seek medical 
attention. 

REFERENCES
1	 Bird GL, Sheron N, Goka AK, Alexander GJ, Williams RS. 

Increased plasma tumor necrosis factor in severe alcoholic 
hepatitis. Ann Intern Med 1990; 112: 917-920 [PMID: 2339855 
DOI: 10.7326/0003-4819-112-12-917]

2	 Gustot T, Lemmers A, Moreno C, Nagy N, Quertinmont 
E, Nicaise C, Franchimont D, Louis H, Devière J, Le Moine 
O. Differential liver sensitization to toll-like receptor path-
ways in mice with alcoholic fatty liver. Hepatology 2006; 43: 

989-1000 [PMID: 16628628 DOI: 10.1002/hep.21138]
3	 Singal AK, Kamath PS, Gores GJ, Shah VH. Alcoholic hepa-

titis: current challenges and future directions. Clin Gastro-
enterol Hepatol 2014; 12: 555-64; quiz e31-2 [PMID: 23811249 
DOI: 10.1016/j.cgh.2013.06.013]

4	 Wang HJ, Gao B, Zakhari S, Nagy LE. Inflammation in alco-
holic liver disease. Annu Rev Nutr 2012; 32: 343-368 [PMID: 
22524187 DOI: 10.1146/annurev-nutr-072610-145138]

5	 Gao B. Hepatoprotective and anti-inflammatory cytokines in 
alcoholic liver disease. J Gastroenterol Hepatol 2012; 27 Suppl 2: 
89-93 [PMID: 22320924 DOI: 10.1111/j.1440-1746.2011.07003.
x]

6	 Wang HJ, Zakhari S, Jung MK. Alcohol, inflammation, and 
gut-liver-brain interactions in tissue damage and disease de-
velopment. World J Gastroenterol 2010; 16: 1304-1313 [PMID: 
20238396 DOI: 10.3748/wjg.v16.i11.1304]

7	 Rao R. Endotoxemia and gut barrier dysfunction in alcoholic 
liver disease. Hepatology 2009; 50: 638-644 [PMID: 19575462 
DOI: 10.1002/hep.23009]

8	 Kaphalia L, Calhoun WJ. Alcoholic lung injury: meta-
bolic, biochemical and immunological aspects. Toxicol 
Lett 2013; 222: 171-179 [PMID: 23892124 DOI: 10.1016/
j.toxlet.2013.07.016]

9	 Grattagliano I, Vendemiale G, Errico F, Bolognino AE, Lillo 
F, Salerno MT, Altomare E. Chronic ethanol intake induces 
oxidative alterations in rat testis. J Appl Toxicol 1997; 17: 
307-311 [PMID: 9339743 DOI: 10.1002/(SICI)1099-1263(19970
9)17: 5]

10	 Faut M, Rodríguez de Castro C, Bietto FM, Castro JA, Castro 
GD. Metabolism of ethanol to acetaldehyde and increased 
susceptibility to oxidative stress could play a role in the 
ovarian tissue cell injury promoted by alcohol drinking. 
Toxicol Ind Health 2009; 25: 525-538 [PMID: 19825859 DOI: 
10.1177/0748233709345937]

11	 Mendenhall CL, Moritz TE, Roselle GA, Morgan TR, Nem-
chausky BA, Tamburro CH, Schiff ER, McClain CJ, Marsano 
LS, Allen JI. Protein energy malnutrition in severe alcoholic 
hepatitis: diagnosis and response to treatment. The VA Co-
operative Study Group #275. JPEN J Parenter Enteral Nutr 
1995; 19: 258-265 [PMID: 8523623 DOI: 10.1177/01486071950
19004258]

12	 Casafont F, Sánchez E, Martín L, Agüero J, Romero FP. 
Influence of malnutrition on the prevalence of bacterial 
translocation and spontaneous bacterial peritonitis in experi-
mental cirrhosis in rats. Hepatology 1997; 25: 1334-1337 [PMID: 
9185748]

13	 Deitch EA, Xu DZ, Qi L, Specian RD, Berg RD. Protein mal-
nutrition alone and in combination with endotoxin impairs 
systemic and gut-associated immunity. JPEN J Parenter En-
teral Nutr 1992; 16: 25-31 [PMID: 1738215 DOI: 10.1177/0148
60719201600125]

14	 Nordström P, Nordström A, Eriksson M, Wahlund LO, 
Gustafson Y. Risk factors in late adolescence for young-onset 
dementia in men: a nationwide cohort study. JAMA Intern 
Med 2013; 173: 1612-1618 [PMID: 23939347 DOI: 10.1001/ja-
mainternmed.2013.9079]

15	 Bates ME, Bowden SC, Barry D. Neurocognitive impair-
ment associated with alcohol use disorders: implications for 
treatment. Exp Clin Psychopharmacol 2002; 10: 193-212 [PMID: 
12233981 DOI: 10.1037/1064-1297.10.3.193]

16	 Ding J, Eigenbrodt ML, Mosley TH, Hutchinson RG, Folsom 
AR, Harris TB, Nieto FJ. Alcohol intake and cerebral abnor-
malities on magnetic resonance imaging in a community-
based population of middle-aged adults: the Atherosclerosis 
Risk in Communities (ARIC) study. Stroke 2004; 35: 16-21 
[PMID: 14657449 DOI: 10.1161/01.STR.0000105929.88691.8E]

17	 Harper C. The neuropathology of alcohol-related brain dam-
age. Alcohol Alcohol 2009; 44: 136-140 [PMID: 19147798 DOI: 
10.1093/alcalc/agn102]

18	 Crews FT, Nixon K. Mechanisms of neurodegeneration and 

14667 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

González-Reimers E et al . Inflammation and alcoholism



regeneration in alcoholism. Alcohol Alcohol 2009; 44: 115-127 
[PMID: 18940959 DOI: 10.1093/alcalc/agn079]

19	 Zou J, Crews F. Induction of innate immune gene expres-
sion cascades in brain slice cultures by ethanol: key role 
of NF-κB and proinflammatory cytokines. Alcohol Clin 
Exp Res 2010; 34: 777-789 [PMID: 20201932 DOI: 10.1111/
j.1530-0277.2010.01150.x]

20	 Nixon K, Crews FT. Binge ethanol exposure decreases neu-
rogenesis in adult rat hippocampus. J Neurochem 2002; 83: 
1087-1093 [PMID: 12437579 DOI: 10.1046/j.1471-4159.2002.01214.
x]

21	 Monje ML, Toda H, Palmer TD. Inflammatory blockade 
restores adult hippocampal neurogenesis. Science 2003; 302: 
1760-1765 [PMID: 14615545 DOI: 10.1126/science.1088417]

22	 Banks WA. Blood-brain barrier transport of cytokines: a 
mechanism for neuropathology. Curr Pharm Des 2005; 11: 
973-984 [PMID: 15777248 DOI: 10.2174/1381612053381684]

23	 Wang L, Jiang Q, Chu J, Lin L, Li XG, Chai GS, Wang Q, 
Wang JZ, Tian Q. Expression of Tau40 induces activation of 
cultured rat microglial cells. PLoS One 2013; 8: e76057 [PMID: 
24146816 DOI: 10.1371/journal.pone.0076057]

24	 Qin L, He J, Hanes RN, Pluzarev O, Hong JS, Crews FT. 
Increased systemic and brain cytokine production and 
neuroinflammation by endotoxin following ethanol treat-
ment. J Neuroinflammation 2008; 5: 10 [PMID: 18348728 DOI: 
10.1186/1742-2094-5-10]

25	 Blanco AM, Vallés SL, Pascual M, Guerri C. Involvement 
of TLR4/type I IL-1 receptor signaling in the induction of 
inflammatory mediators and cell death induced by ethanol 
in cultured astrocytes. J Immunol 2005; 175: 6893-6899 [PMID: 
16272348 DOI: 10.4049/jimmunol.175.106893]

26	 Blanco AM, Perez-Arago A, Fernandez-Lizarbe S, Guerri C. 
Ethanol mimics ligand-mediated activation and endocytosis 
of IL-1RI/TLR4 receptors via lipid rafts caveolae in astroglial 
cells. J Neurochem 2008; 106: 625-639 [PMID: 18419766 DOI: 
10.1111/j.1471-4159.2008.05425.x]

27	 Qin L, Crews FT. NADPH oxidase and reactive oxygen spe-
cies contribute to alcohol-induced microglial activation and 
neurodegeneration. J Neuroinflammation 2012; 9: 5 [PMID: 
22240163 DOI: 10.1186/1742-2094-9-5]

28	 Qin L, Liu Y, Wang T, Wei SJ, Block ML, Wilson B, Liu B, 
Hong JS. NADPH oxidase mediates lipopolysaccharide-
induced neurotoxicity and proinflammatory gene expres-
sion in activated microglia. J Biol Chem 2004; 279: 1415-1421 
[PMID: 14578353 DOI: 10.1074/jbc.M307657200]

29	 Taylor LA, Kreutzer JS, Demm SR, Meade MA. Traumatic 
brain injury and substance abuse: A review and analysis of 
the literature. Neuropsychol Rehabil 2003; 13: 165-188 [PMID: 
21854333 DOI: 10.1080/09602010244000336]

30	 Hatakeyama T, Okauchi M, Hua Y, Keep RF, Xi G. Defer-
oxamine reduces neuronal death and hematoma lysis after 
intracerebral hemorrhage in aged rats. Transl Stroke Res 2013; 
4: 546-553 [PMID: 24187595 DOI: 10.1007/s12975-013-0270-5]

31	 Hua Y, Keep RF, Hoff JT, Xi G. Brain injury after intracerebral 
hemorrhage: the role of thrombin and iron. Stroke 2007; 38: 
759-762 [PMID: 17261733 DOI: 10.1161/01.STR.0000247868.97
078.10]

32	 Maschke M, Weber J, Bonnet U, Dimitrova A, Bohrenkäm-
per J, Sturm S, Müller BW, Gastpar M, Diener HC, Forsting 
M, Timmann D. Vermal atrophy of alcoholics correlate with 
serum thiamine levels but not with dentate iron concentra-
tions as estimated by MRI. J Neurol 2005; 252: 704-711 [PMID: 
15778906 DOI: 10.1007/s00415-005-0722-2]

33	 Valls-Pedret C, Lamuela-Raventós RM, Medina-Remón A, 
Quintana M, Corella D, Pintó X, Martínez-González MÁ, Es-
truch R, Ros E. Polyphenol-rich foods in the Mediterranean 
diet are associated with better cognitive function in elderly 
subjects at high cardiovascular risk. J Alzheimers Dis 2012; 29: 
773-782 [PMID: 22349682 DOI: 10.3233/JAD-2012-111799]

34	 Demirakca T, Ende G, Kämmerer N, Welzel-Marquez H, 

Hermann D, Heinz A, Mann K. Effects of alcoholism and 
continued abstinence on brain volumes in both genders. Al-
cohol Clin Exp Res 2011; 35: 1678-1685 [PMID: 21599718 DOI: 
10.1111/j.1530-0277.2011.01514.x]

35	 Fein G, Torres J, Price LJ, Di Sclafani V. Cognitive perfor-
mance in long-term abstinent alcoholic individuals. Alcohol 
Clin Exp Res 2006; 30: 1538-1544 [PMID: 16930216 DOI: 
10.1111/j.1530-0277.2006.00185.x]

36	 Preedy VR, Adachi J, Ueno Y, Ahmed S, Mantle D, Mullatti 
N, Rajendram R, Peters TJ. Alcoholic skeletal muscle myopa-
thy: definitions, features, contribution of neuropathy, impact 
and diagnosis. Eur J Neurol 2001; 8: 677-687 [PMID: 11784353 
DOI: 10.1046/j.1468-1331.2001.00303.x]

37	 Fernández-Solà J, Nicolás JM, Fatjó F, García G, Sacanella E, 
Estruch R, Tobías E, Badia E, Urbano-Márquez A. Evidence 
of apoptosis in chronic alcoholic skeletal myopathy. Hum 
Pathol 2003; 34: 1247-1252 [PMID: 14691909 DOI: 10.1016/
j.humpath.2003.07.017]

38	 Lang CH, Frost RA, Nairn AC, MacLean DA, Vary TC. TNF-
alpha impairs heart and skeletal muscle protein synthesis by 
altering translation initiation. Am J Physiol Endocrinol Metab 
2002; 282: E336-E347 [PMID: 11788365 DOI: 10.1152/ajpen-
do.00366.2001]

39	 Nguyen VA, Le T, Tong M, Silbermann E, Gundogan F, de 
la Monte SM. Impaired insulin/IGF signaling in experimen-
tal alcohol-related myopathy. Nutrients 2012; 4: 1058-1075 
[PMID: 23016132 DOI: 10.3390/nu4081058]

40	 Marra F, Bertolani C. Adipokines in liver diseases. Hepatology 
2009; 50: 957-969 [PMID: 19585655 DOI: 10.1002/hep.23046]

41	 Guzik K, Bzowska M, Smagur J, Krupa O, Sieprawska M, 
Travis J, Potempa J. A new insight into phagocytosis of 
apoptotic cells: proteolytic enzymes divert the recognition 
and clearance of polymorphonuclear leukocytes by macro-
phages. Cell Death Differ 2007; 14: 171-182 [PMID: 16628232 
DOI: 10.1038/sj.cdd.4401927]

42	 Kanapuru B, Ershler WB. Inflammation, coagulation, and 
the pathway to frailty. Am J Med 2009; 122: 605-613 [PMID: 
19559159 DOI: 10.1016/j.amjmed.2009.01.030]

43	 González-Reimers E, Fernández-Rodríguez CM, Santolaria-
Fernández F, de la Vega-Prieto MJ, Martín-González C, Gó-
mez-Rodríguez MÁ, Alemán-Valls MR, Rodríguez-Gaspar 
M. Interleukin-15 and other myokines in chronic alcohol-
ics. Alcohol Alcohol 2011; 46: 529-533 [PMID: 21636604 DOI: 
10.1093/alcalc/agr064]

44	 Fernández-Solà J, García G, Elena M, Tobías E, Sacanella E, 
Estruch R, Nicolás JM. Muscle antioxidant status in chronic 
alcoholism. Alcohol Clin Exp Res 2002; 26: 1858-1862 [PMID: 
12500110 DOI: 10.1111/j.1530-0277.2002.tb02493.x]

45	 Durán Castellón MC, González-Reimers E, López-Lirola A, 
Martín Olivera R, Santolaria-Fernández F, Galindo-Martín 
L, Abreu-González P, González-Hernández T. Alcoholic 
myopathy: lack of effect of zinc supplementation. Food Chem 
Toxicol 2005; 43: 1333-1343 [PMID: 15869836 DOI: 10.1016/
j.fct.2005.03.006]

46	 Adachi J, Asano M, Ueno Y, Niemelä O, Ohlendieck K, 
Peters TJ, Preedy VR. Alcoholic muscle disease and biomem-
brane perturbations (review). J Nutr Biochem 2003; 14: 616-625 
[PMID: 14629892 DOI: 10.1016/S0955-2863(03)00114-1]

47	 Fernández-Solà J, Lluis M, Sacanella E, Estruch R, Antúnez 
E, Urbano-Márquez A. Increased myostatin activity and 
decreased myocyte proliferation in chronic alcoholic cardio-
myopathy. Alcohol Clin Exp Res 2011; 35: 1220-1229 [PMID: 
21463333 DOI: 10.1111/j.1530-0277.2011.01456.x]

48	 Clary CR, Guidot DM, Bratina MA, Otis JS. Chronic alcohol 
ingestion exacerbates skeletal muscle myopathy in HIV-1 
transgenic rats. AIDS Res Ther 2011; 8: 30 [PMID: 21846370 
DOI: 10.1186/1742-6405-8-30]

49	 González-Reimers E, Durán-Castellón MC, López-Lirola A, 
Santolaria-Fernández F, Abreu-González P, Alvisa-Negrín 
J, Sánchez-Pérez MJ. Alcoholic myopathy: vitamin D defi-

14668 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

González-Reimers E et al . Inflammation and alcoholism



ciency is related to muscle fibre atrophy in a murine model. 
Alcohol Alcohol 2010; 45: 223-230 [PMID: 20190231 DOI: 
10.1093/alcalc/agq010]

50	 Chopra K, Tiwari V. Alcoholic neuropathy: possible 
mechanisms and future treatment possibilities. Br J Clin 
Pharmacol 2012; 73: 348-362 [PMID: 21988193 DOI: 10.1111/
j.1365-2125.2011.04111.x]

51	 Liang Y, Yeligar SM, Brown LA. Chronic-alcohol-abuse-
induced oxidative stress in the development of acute respi-
ratory distress syndrome. ScientificWorldJournal 2012; 2012: 
740308 [PMID: 23346021 DOI: 10.1100/2012/740308]

52	 Joshi PC, Guidot DM. The alcoholic lung: epidemiology, 
pathophysiology, and potential therapies. Am J Physiol Lung 
Cell Mol Physiol 2007; 292: L813-L823 [PMID: 17220370 DOI: 
10.1152/ajplung.00348.2006]

53	 Jurkovich GJ, Rivara FP, Gurney JG, Fligner C, Ries R, 
Mueller BA, Copass M. The effect of acute alcohol intoxica-
tion and chronic alcohol abuse on outcome from trauma. 
JAMA 1993; 270: 51-56 [PMID: 8510296 DOI: 10.1001/jama.19
93.03510010057029]

54	 Fernández-Solá J, Junqué A, Estruch R, Monforte R, Tor-
res A, Urbano-Márquez A. High alcohol intake as a risk 
and prognostic factor for community-acquired pneumonia. 
Arch Intern Med 1995; 155: 1649-1654 [PMID: 7618989 DOI: 
10.1001/archinte.1995.00430150137014]

55	 Mehta AJ, Guidot DM. Alcohol abuse, the alveolar mac-
rophage and pneumonia. Am J Med Sci 2012; 343: 244-247 
[PMID: 22173040 DOI: 10.1097/MAJ.0b013e31823ede77]

56	 Jong GM, Hsiue TR, Chen CR, Chang HY, Chen CW. Rapid-
ly fatal outcome of bacteremic Klebsiella pneumoniae pneu-
monia in alcoholics. Chest 1995; 107: 214-217 [PMID: 7813281 
DOI: 10.1378/chest.107.1.214]

57	 de Wit M, Jones DG, Sessler CN, Zilberberg MD, Weaver 
MF. Alcohol-use disorders in the critically ill patient. 
Chest 2010; 138: 994-1003 [PMID: 20923804 DOI: 10.1378/
chest.09-1425]

58	 Downs CA, Trac D, Brewer EM, Brown LA, Helms MN. 
Chronic alcohol ingestion changes the landscape of the al-
veolar epithelium. Biomed Res Int 2013; 2013: 470217 [PMID: 
23509726 DOI: 10.1155/2013/470217]

59	 Yeh MY, Burnham EL, Moss M, Brown LA. Chronic alcohol-
ism alters systemic and pulmonary glutathione redox status. 
Am J Respir Crit Care Med 2007; 176: 270-276 [PMID: 17507544 
DOI: 10.1164/rccm.200611.1722OC]

60	 Bechara RI, Brown LA, Roman J, Joshi PC, Guidot DM. 
Transforming growth factor beta1 expression and activation 
is increased in the alcoholic rat lung. Am J Respir Crit Care 
Med 2004; 170: 188-194 [PMID: 15105163]

61	 Curry-McCoy TV, Venado A, Guidot DM, Joshi PC. Alco-
hol ingestion disrupts alveolar epithelial barrier function 
by activation of macrophage-derived transforming growth 
factor beta1. Respir Res 2013; 14: 39 [PMID: 23547562 DOI: 
10.1186/1465-9921-14-39]

62	 D’Souza NB, Nelson S, Summer WR, Deaciuc IV. Alcohol 
modulates alveolar macrophage tumor necrosis factor-
alpha, superoxide anion, and nitric oxide secretion in the rat. 
Alcohol Clin Exp Res 1996; 20: 156-163 [PMID: 8651446 DOI: 
10.1111/j.1530-0277.1996.tb01059.x]

63	 Zhang P, Nelson S, Summer WR, Spitzer JA. Acute ethanol 
intoxication suppresses the pulmonary inflammatory re-
sponse in rats challenged with intrapulmonary endotoxin. 
Alcohol Clin Exp Res 1997; 21: 773-778 [PMID: 9267524 DOI: 
10.1111/j.1530-0277.1997.tb03838.x]

64	 Mehta AJ, Yeligar SM, Elon L, Brown LA, Guidot DM. 
Alcoholism causes alveolar macrophage zinc deficiency 
and immune dysfunction. Am J Respir Crit Care Med 2013; 
188: 716-723 [PMID: 23805851 DOI: 10.1164/rccm.201301-
0061OC]

65	 Liang Y, Harris FL, Jones DP, Brown LA. Alcohol induces 
mitochondrial redox imbalance in alveolar macrophages. 

Free Radic Biol Med 2013; 65: 1427-1434 [PMID: 24140864 DOI: 
10.1016/j.freeradbiomed.2013.10.010]

66	 Sisson JH. Alcohol and airways function in health and 
disease. Alcohol 2007; 41: 293-307 [PMID: 17764883 DOI: 
10.1016/j.alcohol.2007.06.003]

67	 Sturrock A, Mir-Kasimov M, Baker J, Rowley J, Paine R. 
Key role of microRNA in the regulation of granulocyte 
macrophage colony-stimulating factor expression in murine 
alveolar epithelial cells during oxidative stress. J Biol Chem 
2014; 289: 4095-4105 [PMID: 24371146 DOI: 10.1074/jbc.
M113.535922]

68	 Li X, Kovacs EJ, Schwacha MG, Chaudry IH, Choudhry 
MA. Acute alcohol intoxication increases interleukin-18-
mediated neutrophil infiltration and lung inflammation fol-
lowing burn injury in rats. Am J Physiol Lung Cell Mol Physiol 
2007; 292: L1193-L1201 [PMID: 17220368 DOI: 10.1152/aj-
plung.00408.2006]

69	 Karavitis J, Murdoch EL, Gomez CR, Ramirez L, Kovacs 
EJ. Acute ethanol exposure attenuates pattern recognition 
receptor activated macrophage functions. J Interferon Cyto-
kine Res 2008; 28: 413-422 [PMID: 18597620 DOI: 10.1089/
jir.2007.0111]

70	 Zhao XJ, Marrero L, Song K, Oliver P, Chin SY, Simon H, 
Schurr JR, Zhang Z, Thoppil D, Lee S, Nelson S, Kolls JK. 
Acute alcohol inhibits TNF-alpha processing in human 
monocytes by inhibiting TNF/TNF-alpha-converting en-
zyme interactions in the cell membrane. J Immunol 2003; 170: 
2923-2931 [PMID: 12626543]

71	 Drechsler Y, Dolganiuc A, Norkina O, Romics L, Li W, Kod-
ys K, Bach FH, Mandrekar P, Szabo G. Heme oxygenase-1 
mediates the anti-inflammatory effects of acute alcohol on 
IL-10 induction involving p38 MAPK activation in mono-
cytes. J Immunol 2006; 177: 2592-2600 [PMID: 16888021]

72	 Mandrekar P, Catalano D, Girouard L, Szabo G. Human 
monocyte IL-10 production is increased by acute ethanol 
treatment. Cytokine 1996; 8: 567-577 [PMID: 8891438 DOI: 
10.1006/cyto.1996.0076]

73	 Sander M, Irwin M, Sinha P, Naumann E, Kox WJ, Spies 
CD. Suppression of interleukin-6 to interleukin-10 ratio in 
chronic alcoholics: association with postoperative infections. 
Intensive Care Med 2002; 28: 285-292 [PMID: 11904657 DOI: 
10.1007/s00134-001-1199-9]

74	 Mookerjee RP, Stadlbauer V, Lidder S, Wright GA, Hodges 
SJ, Davies NA, Jalan R. Neutrophil dysfunction in alco-
holic hepatitis superimposed on cirrhosis is reversible and 
predicts the outcome. Hepatology 2007; 46: 831-840 [PMID: 
17680644 DOI: 10.1002/hep.21737]

75	 Crews FT, Bechara R, Brown LA, Guidot DM, Mandrekar P, 
Oak S, Qin L, Szabo G, Wheeler M, Zou J. Cytokines and al-
cohol. Alcohol Clin Exp Res 2006; 30: 720-730 [PMID: 16573591 
DOI: 10.1111/j.1530-0277.2006.00084.x]

76	 Yoseph BP, Breed E, Overgaard CE, Ward CJ, Liang Z, Wa-
gener ME, Lexcen DR, Lusczek ER, Beilman GJ, Burd EM, 
Farris AB, Guidot DM, Koval M, Ford ML, Coopersmith 
CM. Chronic alcohol ingestion increases mortality and organ 
injury in a murine model of septic peritonitis. PLoS One 2013; 
8: e62792 [PMID: 23717394]

77	 Riordan SM, Skinner N, Nagree A, McCallum H, McIver 
CJ, Kurtovic J, Hamilton JA, Bengmark S, Williams R, Vis-
vanathan K. Peripheral blood mononuclear cell expression 
of toll-like receptors and relation to cytokine levels in cir-
rhosis. Hepatology 2003; 37: 1154-1164 [PMID: 12717397 DOI: 
10.1053/jhep.2003.50180]

78	 Laso FJ, Madruga JI, López A, Ciudad J, Alvarez-Mon M, 
San Miguel J, Orfao A. Abnormalities of peripheral blood 
T lymphocytes and natural killer cells in alcoholic hepati-
tis persist after a 3-month withdrawal period. Alcohol Clin 
Exp Res 1997; 21: 672-676 [PMID: 9194923 DOI: 10.1111/
j.1530-0277.1997.tb03821.x]

79	 Matos LC, Batista P, Monteiro N, Ribeiro J, Cipriano MA, 

14669 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

González-Reimers E et al . Inflammation and alcoholism



Henriques P, Girão F, Carvalho A. Lymphocyte subsets in 
alcoholic liver disease. World J Hepatol 2013; 5: 46-55 [PMID: 
23646229 DOI: 10.4254/wjh.v5.i2.46]

80	 Naude CE, Bouic P, Senekal M, Kidd M, Ferrett HL, Fein 
G, Carey PD. Lymphocyte measures in treatment-naïve 
13-15-year old adolescents with alcohol use disorders. 
Alcohol 2011; 45: 507-514 [PMID: 21624786 DOI: 10.1016/
j.alcohol.2011.02.307]

81	 Laso FJ, Almeida J, Torres E, Vaquero JM, Marcos M, Orfao 
A. Chronic alcohol consumption is associated with an in-
creased cytotoxic profile of circulating lymphocytes that may 
be related with the development of liver injury. Alcohol Clin 
Exp Res 2010; 34: 876-885 [PMID: 20201930 DOI: 10.1111/
j.1530-0277.2010.01160.x]

82	 Wang H, Zhou H, Mahler S, Chervenak R, Wolcott M. Alco-
hol affects the late differentiation of progenitor B cells. Alco-
hol Alcohol 2011; 46: 26-32 [PMID: 21098503 DOI: 10.1093/al-
calc/agq076]

83	 Kork F, Neumann T, Spies C. Perioperative management of 
patients with alcohol, tobacco and drug dependency. Curr 
Opin Anaesthesiol 2010; 23: 384-390 [PMID: 20404723 DOI: 
10.1097/ACO.0b013e3283391f79]

84	 Giner AM, Kuster SP, Zbinden R, Ruef C, Ledergerber B, 
Weber R. Initial management of and outcome in patients 
with pneumococcal bacteremia: a retrospective study at 
a Swiss university hospital, 2003-2009. Infection 2011; 39: 
519-526 [PMID: 22065426 DOI: 10.1007/s15010-011-0218-1]

85	 Torres A, Peetermans WE, Viegi G, Blasi F. Risk factors for 
community-acquired pneumonia in adults in Europe: a lit-
erature review. Thorax 2013; 68: 1057-1065 [PMID: 24130229 
DOI: 10.1136/thoraxjnl-2013-204282]

86	 Santolaria F, Rodríguez-López C, Martín-Hernández B, 
Alemán-Valls MR, González-Reimers E, Alonso-Socas MD, 
Ros R, Viña JJ. Similar inflammatory response in alcoholic 
and non-alcoholic sepsis patients. Eur Cytokine Netw 2011; 22: 
1-4 [PMID: 21421450 DOI: 10.1684/ecn.2011.0272_1]

87	 Siggins RW, Melvan JN, Welsh DA, Bagby GJ, Nelson S, 
Zhang P. Alcohol suppresses the granulopoietic response 
to pulmonary Streptococcus pneumoniae infection with 
enhancement of STAT3 signaling. J Immunol 2011; 186: 
4306-4313 [PMID: 21357267 DOI: 10.4049/jimmunol.1002885]

88	 von Dossow V, Schilling C, Beller S, Hein OV, von 
Heymann C, Kox WJ, Spies CD. Altered immune parameters 
in chronic alcoholic patients at the onset of infection and of 
septic shock. Crit Care 2004; 8: R312-R321 [PMID: 15469574]

89	 Detlefsen S, Sipos B, Feyerabend B, Klöppel G. Fibrogenesis 
in alcoholic chronic pancreatitis: the role of tissue necrosis, 
macrophages, myofibroblasts and cytokines. Mod Pathol 
2006; 19: 1019-1026 [PMID: 16680157 DOI: 10.1038/mod-
pathol.3800613]

90	 Yasuda M, Ito T, Oono T, Kawabe K, Kaku T, Igarashi H, 
Nakamura T, Takayanagi R. Fractalkine and TGF-beta1 
levels reflect the severity of chronic pancreatitis in humans. 
World J Gastroenterol 2008; 14: 6488-6495 [PMID: 19030200 
DOI: 10.3748/wjg.14.6488]

91	 Vonlaufen A, Xu Z, Daniel B, Kumar RK, Pirola R, Wilson J, 
Apte MV. Bacterial endotoxin: a trigger factor for alcoholic 
pancreatitis? Evidence from a novel, physiologically relevant 
animal model. Gastroenterology 2007; 133: 1293-1303 [PMID: 
17919500 DOI: 10.1053/j.gastro.2007.06.062]

92	 Uesugi T, Froh M, Gäbele E, Isayama F, Bradford BU, Ikai 
I, Yamaoka Y, Arteel GE. Contribution of angiotensin II 
to alcohol-induced pancreatic fibrosis in rats. J Pharmacol 
Exp Ther 2004; 311: 921-928 [PMID: 15316086 DOI: 10.1124/
jpet.104.071324]

93	 Marzoq AJ, Giese N, Hoheisel JD, Alhamdani MS. Proteome 
variations in pancreatic stellate cells upon stimulation with 
proinflammatory factors. J Biol Chem 2013; 288: 32517-32527 
[PMID: 24089530 DOI: 10.074/jbc.M]

94	 Okazaki S, Nagoya S, Tateda K, Katada R, Mizuo K, Wata-

nabe S, Yamashita T, Matsumoto H. Experimental rat model 
for alcohol-induced osteonecrosis of the femoral head. Int J 
Exp Pathol 2013; 94: 312-319 [PMID: 24020403 DOI: 10.1111/
iep.12035]

95	 Alvisa-Negrín J, González-Reimers E, Santolaria-Fernán-
dez F, García-Valdecasas-Campelo E, Valls MR, Pelazas-
González R, Durán-Castellón MC, de Los Angeles Gómez-
Rodríguez M. Osteopenia in alcoholics: effect of alcohol 
abstinence. Alcohol Alcohol 2009; 44: 468-475 [PMID: 19535494 
DOI: 10.1093/alcalc/agp038]

96	 Giuliani N, Girasole G, Vescovi PP, Passeri G, Pedrazzoni M. 
Ethanol and acetaldehyde inhibit the formation of early os-
teoblast progenitors in murine and human bone marrow cul-
tures. Alcohol Clin Exp Res 1999; 23: 381-385 [PMID: 10069572 
DOI: 10.1111/j.1530-0277.1999.tb04126.x]

97	 Chen JR, Lazarenko OP, Shankar K, Blackburn ML, Lump-
kin CK, Badger TM, Ronis MJ. Inhibition of NADPH oxi-
dases prevents chronic ethanol-induced bone loss in female 
rats. J Pharmacol Exp Ther 2011; 336: 734-742 [PMID: 21098090 
DOI: 10.1124/jpet.110.175091]

98	 González-Reimers E ,  Pérez-Ramírez A, Santolaria-
Fernández F, Rodríguez-Rodríguez E, Martínez-Riera A, 
Durán-Castellón Mdel C, Alemán-Valls MR, Gaspar MR. 
Association of Harris lines and shorter stature with ethanol 
consumption during growth. Alcohol 2007; 41: 511-515 [PMID: 
17913441]

99	 Chakkalakal DA. Alcohol-induced bone loss and deficient 
bone repair. Alcohol Clin Exp Res 2005; 29: 2077-2090 [PMID: 
16385177 DOI: 10.1097/01.alc.0000192039.21305.55]

100	 Wahl EC, Aronson J, Liu L, Skinner RA, Ronis MJ, Lumpkin 
CK. Distraction osteogenesis in TNF receptor 1 deficient mice 
is protected from chronic ethanol exposure. Alcohol 2012; 46: 
133-138 [PMID: 21908154 DOI: 10.1016/j.alcohol.2011.08.007]

101	 Solomons NW. Update on zinc biology. Ann Nutr Metab 2013; 
62 Suppl 1: 8-17 [PMID: 23689109 DOI: 10.1159/000348547]

102	 Díez-Ruiz A, García-Saura PL, García-Ruiz P, González-
Calvin JL, Gallego-Rojo F, Fuchs D. Bone mineral density, 
bone turnover markers and cytokines in alcohol-induced 
cirrhosis. Alcohol Alcohol 2010; 45: 427-430 [PMID: 20807717 
DOI: 10.1093/alcalc/agq037]

103	 Mercer KE, Sims CR, Yang CS, Wynne RA, Moutos C, Hogue 
WR, Lumpkin CK, Suva LJ, Chen JR, Badger TM, Ronis 
MJ. Loss of functional NADPH oxidase 2 protects against 
alcohol-induced bone resorption in female p47phox-/- mice. 
Alcohol Clin Exp Res 2014; 38: 672-682 [PMID: 24256560 DOI: 
10.1111/acer.12305]

104	 Dai J, Lin D, Zhang J, Habib P, Smith P, Murtha J, Fu Z, Yao Z, 
Qi Y, Keller ET. Chronic alcohol ingestion induces osteoclas-
togenesis and bone loss through IL-6 in mice. J Clin Invest 
2000; 106: 887-895 [PMID: 11018077 DOI: 10.1172/JCI10483]

105	 Vega D, Maalouf NM, Sakhaee K. CLINICAL Review #: the 
role of receptor activator of nuclear factor-kappaB (RANK)/
RANK ligand/osteoprotegerin: clinical implications. J Clin 
Endocrinol Metab 2007; 92: 4514-4521 [PMID: 17895323 DOI: 
10.1210/jc.2007-0646]

106	 Peris P, Parés A, Guañabens N, Del Río L, Pons F, Martínez 
de Osaba MJ, Monegal A, Caballería J, Rodés J, Muñoz-Gó-
mez J. Bone mass improves in alcoholics after 2 years of ab-
stinence. J Bone Miner Res 1994; 9: 1607-1612 [PMID: 7817807 
DOI: 10.1002/jbmr.5650091014]

107	 Urbano-Marquez A, Estruch R, Navarro-Lopez F, Grau 
JM, Mont L, Rubin E. The effects of alcoholism on skeletal 
and cardiac muscle. N Engl J Med 1989; 320: 409-415 [PMID: 
2913506 DOI: 10.1056/NEJM198902163200701]

108	 Sidorenkov O, Nilssen O, Nieboer E, Kleshchinov N, Grji-
bovski AM. Premature cardiovascular mortality and alco-
hol consumption before death in Arkhangelsk, Russia: an 
analysis of a consecutive series of forensic autopsies. Int J 
Epidemiol 2011; 40: 1519-1529 [PMID: 22158662 DOI: 10.1093/
ije/dyr145]

14670 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

González-Reimers E et al . Inflammation and alcoholism



109	 Klatsky AL, Friedman GD, Armstrong MA. The relation-
ships between alcoholic beverage use and other traits to 
blood pressure: a new Kaiser Permanente study. Circula-
tion 1986; 73: 628-636 [PMID: 3948365 DOI: 10.1161/01.
CIR.73.4.628]

110	 Gillman MW, Cook NR, Evans DA, Rosner B, Hennekens 
CH. Relationship of alcohol intake with blood pressure 
in young adults. Hypertension 1995; 25: 1106-1110 [PMID: 
7737723 DOI: 10.1161/01.HYP.25.5.1106]

111	 Tsiplenkova VG, Vikhert AM, Cherpachenko NM. Ul-
trastructural and histochemical observations in human 
and experimental alcoholic cardiomyopathy. J Am Coll 
Cardiol 1986; 8: 22A-32A [PMID: 3711540 DOI: 10.1016/
S0735-1097(86)80025-0]

112	 Guo R, Hu N, Kandadi MR, Ren J. Facilitated ethanol me-
tabolism promotes cardiomyocyte contractile dysfunction 
through autophagy in murine hearts. Autophagy 2012; 8: 
593-608 [PMID: 22441020 DOI: 10.4161/auto.18997]

113	 Steinbigler P, Haberl R, König B, Steinbeck G. P-wave sig-
nal averaging identifies patients prone to alcohol-induced 
paroxysmal atrial fibrillation. Am J Cardiol 2003; 91: 491-494 
[PMID: 12586277 DOI: 10.1016/S0002-9149(02)03258-7]

114	 Neuman RB, Bloom HL, Shukrullah I, Darrow LA, Klein-
baum D, Jones DP, Dudley SC. Oxidative stress mark-
ers are associated with persistent atrial fibrillation. Clin 
Chem 2007; 53: 1652-1657 [PMID: 17599958 DOI: 10.1373/
clinchem.2006.083923]

115	 Lin YK, Lin FZ, Chen YC, Cheng CC, Lin CI, Chen YJ, Chen 
SA. Oxidative stress on pulmonary vein and left atrium ar-
rhythmogenesis. Circ J 2010; 74: 1547-1556 [PMID: 20562495 
DOI: 10.1253/circj.CJ-09-0999]

116	 Gu WJ, Wu ZJ, Wang PF, Aung LH, Yin RX. N-Acetylcysteine 
supplementation for the prevention of atrial fibrillation 
after cardiac surgery: a meta-analysis of eight randomized 
controlled trials. BMC Cardiovasc Disord 2012; 12: 10 [PMID: 
22364379 DOI: 10.1186/1471-2261-12-10]

117	 Mihm MJ, Yu F, Carnes CA, Reiser PJ, McCarthy PM, Van 
Wagoner DR, Bauer JA. Impaired myofibrillar energetics 
and oxidative injury during human atrial fibrillation. Circu-
lation 2001; 104: 174-180 [PMID: 11447082 DOI: 10.1161/01.
CIR.104.2.174]

118	 Klatsky AL, Friedman GD, Siegelaub AB, Gérard MJ. 
Alcohol consumption and blood pressure Kaiser-Per-
manente Multiphasic Health Examination data. N Engl 
J Med 1977; 296: 1194-1200 [PMID: 854058 DOI: 10.1056/
NEJM197705262962103]

119	 Arkwright PD, Beilin LJ, Rouse I, Armstrong BK, Vandon-
gen R. Effects of alcohol use and other aspects of lifestyle 
on blood pressure levels and prevalence of hypertension 
in a working population. Circulation 1982; 66: 60-66 [PMID: 
7083522 DOI: 10.1161/01.CIR.66.1.60]

120	 Da Silva AL, Ruginsk SG, Uchoa ET, Crestani CC, Scopinho 
AA, Correa FM, De Martinis BS, Elias LL, Resstel LB, An-
tunes-Rodrigues J. Time-course of neuroendocrine changes 
and its correlation with hypertension induced by ethanol 
consumption. Alcohol Alcohol 2013; 48: 495-504 [PMID: 
23733506 DOI: 10.1093/alcalc/agt040]

121	 Hansson GK, Libby P, Schönbeck U, Yan ZQ. Innate and 
adaptive immunity in the pathogenesis of atherosclerosis. 
Circ Res 2002; 91: 281-291 [PMID: 12193460 DOI: 10.1161/01.
RES.0000029784.15893.10]

122	 Boyle JJ. Macrophage activation in atherosclerosis: patho-
genesis and pharmacology of plaque rupture. Curr Vasc 

Pharmacol 2005; 3: 63-68 [PMID: 15638783 DOI: 10.2174/1570
161052773861]

123	 Gu L, Okada Y, Clinton SK, Gerard C, Sukhova GK, Libby P, 
Rollins BJ. Absence of monocyte chemoattractant protein-1 
reduces atherosclerosis in low density lipoprotein receptor-
deficient mice. Mol Cell 1998; 2: 275-281 [PMID: 9734366 DOI: 
10.1016/S1097-2765(00)80139-2]

124	 Gordon S, Martinez FO. Alternative activation of macro-
phages: mechanism and functions. Immunity 2010; 32: 593-604 
[PMID: 20510870 DOI: 10.1016/j.immuni.2010.05.007]

125	 Gil-Bernabe P, Boveda-Ruiz D, D’Alessandro-Gabazza C, 
Toda M, Miyake Y, Mifuji-Moroka R, Iwasa M, Morser J, 
Gabazza EC, Takei Y. Atherosclerosis amelioration by mod-
erate alcohol consumption is associated with increased circu-
lating levels of stromal cell-derived factor-1. Circ J 2011; 75: 
2269-2279 [PMID: 21757824 DOI: 10.1253/circj.CJ-11-0026]

126	 Gazzieri D, Trevisani M, Tarantini F, Bechi P, Masotti G, 
Gensini GF, Castellani S, Marchionni N, Geppetti P, Har-
rison S. Ethanol dilates coronary arteries and increases coro-
nary flow via transient receptor potential vanilloid 1 and cal-
citonin gene-related peptide. Cardiovasc Res 2006; 70: 589-599 
[PMID: 16579978 DOI: 10.1016/j.cardiores.2006.02.027]

127	 Brien SE, Ronksley PE, Turner BJ, Mukamal KJ, Ghali WA. 
Effect of alcohol consumption on biological markers associ-
ated with risk of coronary heart disease: systematic review 
and meta-analysis of interventional studies. BMJ 2011; 342: 
d636 [PMID: 21343206 DOI: 10.1136/bmj.d636]

128	 Shirpoor A, Salami S, Khadem Ansari MH, Ilkhanizadeh 
B, Abdollahzadeh N. Ethanol promotes rat aortic vascular 
smooth muscle cell proliferation via increase of homocyste-
ine and oxidized-low-density lipoprotein. J Cardiol 2013; 62: 
374-378 [PMID: 23849887]

129	 Chiva-Blanch G, Urpi-Sarda M, Ros E, Arranz S, Valderas-
Martínez P, Casas R, Sacanella E, Llorach R, Lamuela-
Raventos RM, Andres-Lacueva C, Estruch R. Dealcoholized 
red wine decreases systolic and diastolic blood pressure and 
increases plasma nitric oxide: short communication. Circ Res 
2012; 111: 1065-1068 [PMID: 22955728 DOI: 10.1161/CIR-
CRESAHA.112.275636]

130	 Krenz M, Korthuis RJ. Moderate ethanol ingestion and 
cardiovascular protection: from epidemiologic associations 
to cellular mechanisms. J Mol Cell Cardiol 2012; 52: 93-104 
[PMID: 22041278 DOI: 10.1016/j.yjmcc.2011.10.011]

131	 Berger K, Ajani UA, Kase CS, Gaziano JM, Buring JE, Glynn 
RJ, Hennekens CH. Light-to-moderate alcohol consump-
tion and risk of stroke among U.S. male physicians. N Engl 
J Med 1999; 341: 1557-1564 [PMID: 10564684 DOI: 10.1056/
NEJM199911183412101]

132	 Stampfer MJ, Colditz GA, Willett WC, Speizer FE, Henne-
kens CH. A prospective study of moderate alcohol consump-
tion and the risk of coronary disease and stroke in women. N 
Engl J Med 1988; 319: 267-273 [PMID: 3393181 DOI: 10.1056/
NEJM198808043190503]

133	 Martin CG, Agapito VV, Obeso A, Prieto-Lloret J, Busta-
mante R, Castañeda J, Agapito T, Gonzalez C. Moderate 
ethanol ingestion, redox status, and cardiovascular system 
in the rat. Alcohol 2011; 45: 381-391 [PMID: 21130596 DOI: 
10.1016/j.alcohol.2010.08.003]

134	 Lassaletta AD, Elmadhun NY, Liu Y, Feng J, Burgess TA, 
Karlson NW, Laham RJ, Sellke FW. Ethanol promotes 
arteriogenesis and restores perfusion to chronically isch-
emic myocardium. Circulation 2013; 128: S136-S143 [PMID: 
24030397 DOI: 10.1161/CIRCULATIONAHA.112.000207]

P- Reviewer: Boros M, Yamamoto H, Yao YM    S- Editor: Ma YJ    
L- Editor: Logan S    E- Editor: Zhang DN

14671 October 28, 2014|Volume 20|Issue 40|WJG|www.wjgnet.com

González-Reimers E et al . Inflammation and alcoholism



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

4   0


