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Alcoholic

Although alcohol drinking may cause fatty liver to induce hepatocytic injury, other factors lead to it.
We designed this study to investigate the differences in serum iron, cardiac, and biochemical indices
in men with fatty liver and the difference between alcohol drinkers (Alcohol group) and non-drinkers
(Non-alcohol group). The alcohol group had higher body indices than the non-alcohol group. Systolic
and diastolic blood pressure (SBP and DBP), and right and left intraocular pressure in the alcohol
group were higher than those in the non-alcohol group. Hemoglobin, hematocrit, mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration, and monocyte counts were higher in the al-
cohol group than in the non-alcohol group. Alanine aminotransferase, y-glutamyltranspeptidase, total
cholesterol, triglyceride, low-density lipoprotein cholesterol, glucose, creatinine, uric acid, iron, total
iron binding capacity, and ferritin levels in the alcohol group were greater than those in the non-alco-
hol group. The present data reveals that alcohol-induced fatty liver has more elevated level of iron
indices than in non-alcohol fatty liver as well as biochemical and cardiac indices, indicating that alco-
hol-induced fatty liver may cause possibility of adult diseases including cardiovascular disease and

metabolic syndrome.
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Introduction

Fatty liver is one of adult diseases and alcohol con-
sumption is its major factor. Although moderate alcohol con-
sumption has been identified in the elevation of high-density
lipoprotein cholesterol (HDL) and in the improvement in fi-
brinolytic activity, chronic alcohol intake excess induces
risks including hypertension and various diseases.

Alcohol intake is associated with liver diseases such as
fatty liver, alcoholic hepatitis, and cirrhosis. Regular alcohol
intake relates to higher blood pressure (BP) [41]. Chronic
alcoholics are more prone to infections with a variety of
pathogens, have decreased ability to fight infections, and
have an increased risk of developing cancers, particularly
those of the head, neck, and upper gastrointestinal system
[25]. Both acute and chronic alcohol consumption can affect
the immune system at the level of innate or acquired im-

mune responses. Especially, heavy drinking causes compro-
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mised immunity [11].

Previous study has defined that alcoholic liver disease pa-
tients frequently show iron overload [36]. More recently,
even mild to moderate alcohol consumption has been shown
to increase the indices of iron stores [13]. Parenchymal cells
of the liver and reticuloendothelial macrophages serve as de-
pots for excess iron storage [17].

Though iron is an essential micronutrient required for vir-
tually every aspect of normal function, hepatic iron is a risk
factor in disease progression [28]. Iron may also leak out
of injured hepatocytes. Fatty liver is one of the liver dis-
orders to contribute to hepatocytic damage and plays a role
in development of adults diseases. However, very little is
known about the differences between alcoholic and non-al-
coholic fatty liver in pathophysiological influences.

The present study was carried out to clarify whether
there are the differences in serum iron metabolism, cardiac,
and biochemical indices between alcoholic and non-alco-
holic fatty liver. Moreover, we investigated hematological
marker and compared the differences between the two

groups.
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Materials and Methods

Study population

65 alcohol drinking men (Alcohol group) and 37 non-
drinking men (Non-alcohol group) were subjected to this
study. Body indices (height, weight, and so forth), systolic
and diastolic blood pressure (SBP and DPB, respectively),
right and left intraocular pressure (RIP and LIP), CBC
(complete blood cell count) & diff-count, urinalysis, bio-
chemistry (liver and renal function), and iron indices [iron,
total binding iron (TIBC), unsaturated binding iron (UIBC),
and ferritin] were measured in fasting state in the study

population.

Methods

Body indices

For the study population, height, weight, waist measure-
ment, obesity degree, body fat mass, waist-hip, index of
body fat were measured by FA-94H (Fanics Co., Korea) and
GENIVS-220 (Jawon-Medical Co., Korea) instruments.

Blood pressure and intraocular pressure

Systolic and diastolic blood pressure (SBP and DBP, re-
spectively), and right and left intraocular pressure (RIP and
LIP, respectively) were determined by Autoanalyzer
(Green-Cross Co., Korea) and CANON TX10 (Canon Co.,
Japan).

Hematological and biochemical markers

CBC & diff-count were determined with 2 ml of blood
using Coulter cell count (Coulter LH 750, Backman Coulter,
USA). Biochemical markers in serum were analyzed by
Autohumalyzer 9005 (Human Lab., Germany). Iron indices
(iron, TIBC, UIBC, and ferritin) levels in serum were meas-
ured by Hitachi 7600-210 (Hitachi Co., Japan) with Lqdia
Fe (Asan Co., Korea) and Elecsys 2010 (Roche, Germany)
with Ferritin kit.

Statistical analysis

Data are presented as meantSD (standard deviation). All
variables were statistically analyzed by unpaired t-test (SAS
program). Statistical significance was accepted with p<0.05.

Results and Discussion

Characteristics and body indices of study population
Table 1 shows the characteristics and body indices of the
study population. The single alcohol amount of the Alcohol

Table 1. Demographic characteristics in the study population

Group

Variable Alcohol Non-alcohol
Sample size (n) 68 37
Age (years) 49.81+10.78 52.30+10.97
Sex (male : female) 68 : 0 37 :0
Alcohol intake (g/SD) 78.05+35.48 0
Drinking frequency (no./w) 3-4 0
Height (kg) 170.26+6.41 168.87+5.90

73.41+11.82" 64.86+8.93
116.04+14.82°  104.79+12.74

Weight (kg)
Obesity degree (%)

Waist measurement 86.86+7.80™ 79.60+7.12
Body fat mass 24.64+428"  20.62+5.16
Waist-Hip 0.94:0.04" 0.89+0.06
Index body fat 2527326 22.78+2.72

Data are expressed as meanSD.

*#*, p<0.01 (compared with Non-alcohol group).

+, p<0.001 (compared with Non-alcohol group).

++, p<0.000 (compared with Non-alcohol group).
Abbreviation: SD, single dose; no., number; w, a week.

group was 78.05t35.47 g and they had been drinking 3-4
times per week. There were no differences in age and height

between the two groups (p>0.05). However, weight, obesity

degree, waist size, body fat mass, waist-hip ratio, and index
body fat in the Alcohol group were significantly higher than
those in the Non-alcohol group (p<0.01 or p<0.000). It is well
known that being overweight and having high body indices
cause adult diseases or metabolic syndrome. As shown in
these results, alcohol may lead to obesity and to high body
indices. Previous studies demonstrated that alcohol drinking

causes an increase in body weight [34].

BP and IP
As shown in Table 2, SBP, DBP, RIP and LIP in the

Table 2. Blood pressure and intraocular pressure in the two

groups
Variable Group Alcohol Non-alcohol
SBP (mmHg) 125.84+11.34" 118.30+10.05
DBP (mmHg) 77.76+7.60" 70.40+5.82
L-IP 15.46+3.80" 13.90+2.38
R-IP 15.4242.53" 13.70+2.47

Data are expressed as meantSD.

**, p<0.01 (compared with Non-alcohol group).

+, p<0.001 (compared with Non-alcohol group).
Abbreviations: SBP, systemic blood pressure; DBP, diastolic
blood pressure; R-IP, right intraocular pressure; L-IP, light in-
traocular pressure.



Alcohol group were higher than those in the Non-alcohol
group (p<0.01 or p<0.000) although their levels were within
normal ranges. Moderate alcohol drinking improves endo-
thelial function and gives protection against cardiovascular
diseases [14]. Nevertheless, regular alcohol intake is asso-
ciated with higher blood pressure [41]. The BP response
seems to be proportional to the alcohol dose ingested.
Alcohol induced a biphasic effect on SBP and DBP [20].

Bau et al. [4] demonstrated that alcohol significantly de-
creased BP 4 hrs after drinking, but increased it compared
with that of non-drinking group after 13 hrs. The decline
in BP induced by alcohol is considered to be a response to
vasculation [1], but up to now no known pharmacological
mechanism convincingly explains the hemodynamic re-
sponses to alcohol [8]. Several authors have explained the
late increase in BP following alcohol intake [27]. Alcohol-in-
duced initial vasodilution might trigger a compensatory al-
cohol-induced sodium retention which might participate in
the subsequent BP elevation [16]. Clearly, moderate or heavy
alcohol consumption may induce hypertension, causing car-
diovascular and/or cerebrovascular diseases. Some studies
suggest that the intake of even 2 drinks per day may increase
the risk of hypertension, atrial fibrillation, and ischemic
stroke [21].

Alcohol may cause an increase of intraocular pressure as
well as an increase of blood pressure. Elevated intraocular
pressure may contribute to glaucoma. Thus, alcoholic fatty

liver might adversely affect the cardiovascular system.

Hematological markers

Hemoglobin, hematocrit, mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration
(MCHC), and monocyte counts were higher in the Alcohol
group than in the Non-alcohol group (p<0.05 or p<0.01,
Table 3). These results are attributed to the alcohol-induced
elevation of iron in alcoholic fatty liver.

Biochemical markers

The results of biochemical markers in the two groups are
displayed in Table 4 and the normal ranges are presented
in Table 5. In the liver function markers, AST (asparate ami-
notransferase), ALP (alkaline phosphatase), total bilirubin,
total protein, and albumin levels were not different between
the two groups (p>0.05). However, ALT (alanine amino-
transferase) and y-GIP (y-glutamyltranspeptidase) were
greater in the Alcohol group than in the Non-alcohol group
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Table 3. Hematological aspect in the two groups

Group

Variable Alcohol Non-alcohol
Leukocyte (10°/ul) 6.37+1.63 5.96+1.58
Neutrophil (%) 52.62+7.81 53.89+7.86
Lymphocyte (%) 35.57+6.83 33.34+6.57
Monocyte (%) 6.90+1.44° 6.36x1.06
RBC (10°/ul) 494034 4.88+0.33
MCV (fL) 91.9943.56" 90.66+3.11
MCH (pg) 31.04+1.34" 30.28+1.34
MCHC (%) 33.73+0.57 33.39+0.76
Hb (g/dl) 15.29+0.87" 14.73+0.72
HCT (%) 44.94+2.64° 4375238
Platelet (10°/ul) 259.33+52.61 239.20£50.29

Data are expressed as meantSD.

*, p<0.05 (compared with Non-alcohol group).

**, p<0.01 (compared with Non-alcohol group).
Abbreviations: RBC, red blood cell; MCV, mean corpuscular
volume; MCH, mean corpuscular hemoglobin, MCH, mean
corpuscular hemoglobin concentration; Hb, hemoglobin; HCT,
hematocrit.

Table 4. Biochemistry in the two groups

Variable Group Alcohol Non-alcohol
AST (1U/1) 31.37+10.27 36.90+10.71
ALT (IU/]) 33.54+22.46' 23.90+17.22
ALP (IU/1) 174.15+48.37 168.00+46.53
y-GTP (IU/1) 52.59+40.15" 18.40+15.84
T-bilirubin (mg/dl) 0.81+0.27 0.84+0.48
T-protein (g/dl) 7.86+0.28 7.76+0.34
Albumin (g/dl) 456+0.19 4.50+0.20
Glucose (mg/dl) 108.64+31.17 " 95.90+13.61

191.86+34.03"" 161.85+28.04
161.41+54.98" 63.55+23 51

T-cholesterol (mg/dl)
Triglyceride (mg/dl)

HDL (mg/dl) 48.11+8.70 47.60+9.75
LDL (mg/dl) 112.17+29.65 101.55+21.80
BUN (mg/dl) 15.03+3.41 15.39+4.26
Creatinine (mg/dl) 1.04+0.27" 0.95+0.15
Uric acid 6.46+1.49™ 5.19+0.87
Urine pH 6.32+0.58 6.05+0.43

Data are expressed as meantSD.

*, p<0.05 (compared with Non-alcohol group).

*#* p<0.01 (compared with Non-alcohol group).

++, p<0.000 (compared with Non-alcohol group).
Abbreviations: AST, asparate aminotransferase; ALT, alanine
aminotransferase; ALP, alkaline phosphatase; y-GIP, v-
glutamyltranspeptidase; T-bilirubin, total-bilirubin; T-protein,
total-protein; T-cholesterol, total-cholesterol; HDL, high-den-
sity lipoprotein.

(p<0.05 or p<0.000). These data suggest that alcohol intake
resulted in the elevation in liver enzymes due to hep-
atocytic damage, indicating that severity of damage is
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Table 5. Normal ranges of biochemical markers

Variable Normal range
AST (1U/1) 8-40
ALT (IU/]) 5-35
ALP (IU/]) 110-350
y-GTP (IU/1) <80
T-bilirubin (mg/dl) 02-1.0
T-protein (g/dl) 6.5-8.2
Albumin (g/dl) 3.7-55
Glucose (mg/dl) 70-110
T-cholesterol (mg/dI) 150-219
Triglyceride (mg/dl) 40-170
HDL (mg/dl) 30-80
LDL (mg/dl) <160
BUN (mg/dl) 8-20
Creatinine (mg/dl) 08-1.2
Uric acid 3579
Urine pH 5.0-6.5

higher in alcoholic than in non-alcoholic fatty liver. In par-
ticular, the alcoholic fatty liver-induced increase of y-GTP
shows clinical significance. Even though the serum y-GTP
is a marker, which indicates disorders in the liver and gall
bladder, recent studies demonstrated that the serum y-GTP
level within normal range was strongly associated with
most cardiovascular disease risk factors and predicted the
development of heart disease, hypertension, stroke, and
type 2 diabetes [23,24]. Serum y-GTP level has showed a
strong graded relationship with incident diabetes, suggest-
ing a role in the pathogenesis of diabetes [18]. Therefore,
as the y-GTP level of the Alcohol group is about
three-folds as high as that of the Non-alcohol group, the
Alcohol group may encourage the development of hyper-
tension, cardiovascular disease, stroke, or diabetes. In the
present study, the individuals with alcoholic fatty liver al-
so had higher glucose, total cholesterol, triglyceride, LDL
(low-density lipoprotein cholesterol), creatinine, and uric
acid levels compared with the Non-alcohol group (p<0.05
or p<0.000). These findings indicate that alcohol-induced
fatty liver may be associated with the development of dia-
betes, dyslipidemia, liver and renal dysfunction, and gout.
Higher triglyceride levels were found more often with
greater levels of alcohol intake in African-Americans than
in Whites [32]. Choudhury et al. [5], Wakabayashi [33], and
Wannamethee et al. [35] demonstrated that alcohol drink-
ers had higher HDL and lower LDL levels. Onat et al. [23]
found that drinkers had a higher HDL, LDL, and total cho-
lesterol levels than non-drinkers. However, we found that

Table 6. Iron indices in the two groups

Variable Group Alcohol Non-alcohol
Tron (ug/dl) 133.14+28.61° 113.45+33.21
(Normal) (60-120) (60-120)
Ferritin (ng/ml) 190.23+12.86" 99.17+52.99
(Normal) (255-360) (255-360)
TIBC (ug/dl) 366.92+28.61" 346.35+26.76
(Normal) (260-430) (260-430)
UIBC (ug/dl) 232.8522.98 232.90+26.77
(Normal) (140-330) (140-330)

Data are expressed as meantSD.

*, p<0.0 (compared with Non-alcohol group).

** p<0.01 (compared with Non-alcohol group).

++, p<0.000 (compared with Non-alcohol group).
Abbreviations: TIBC, total iron binding capacity; UIBC, un-
saturated iron binding capacity.

HDL level in the Alcohol group was similar to that of the
Non-alcohol group. Wannamethee and Shaper [34] showed
that heavy drinkers had a higher triglyceride level. Our
findings are partly consistent with opinions reported by
Onat et al. [23] and Wannamethee [34]. Finally, alcoholic
fatty liver may lead to higher concentration than non-alco-

holic fatty liver in lipid markers.

Iron indices

As shown in Table 6, the Alcohol group had higher iron,
TIBC, and ferritin levels than the Non-alcohol group (p<0.05
or p<0.000).

Iron is essential for an array of key biological processes
including erythrocyte generation, cellular respiration and
DNA synthesis [2,3]. The normal iron content in an adult
man is 35 to 45 mg of iron/kg of body weight [3].
Parenchymal cells of the liver and reticuloendothelial macro-
phages serve as depots for excess iron storage [3].

However, due to its potential to take part in the Fenton
reaction as a transitional metal, iron can also be toxic to the
cells [39]. In vivo whole-body retention studies have demon-
strated a two-fold increase in intestinal iron absorption in
chronic alcoholics [7].

In our study population, most of the participants in the
Alcohol group were chronic alcohol drinkers and thus this
is a reason for higher iron indices in the Alcohol group.

A central factor in the regulation of iron metabolism is
hepcidin, which inhibits intestinal iron transport and re-
leases iron from macrophages [9,22]. Alcohol is implicated

in the regulation of hepcidin expression in the liver. Indeed,



alcohol was found to down-regulate hepcidin expression
both in vitro with alcohol metabolizing hepatoma cell, and
in vivo with mice subjected to short-term alcohol exposure
[12]. Hence, alcohol-induced iron overload enhances the pro-
duction of free radicals and primary cytokines, thereby lead-
ing to liver injury [28,30]. Interestingly, in this study, the
level of ferritin was about twice as high in the Alcohol group
compared with the Non-alcohol group. Elevated serum ferri-
tin levels independently predicted incident type 2 diabetes
in prospective studies in apparently healthy men and wom-
en [14]. In cross-sectional studies, increased ferritin levels
have been associated with hypertension [24], dyslipidemia
[37], elevated fasting insulin and blood glucose [29], and cen-
tral adiposity [10]. Jehn et al. [14] reported that elevated iron
stores were positively associated with the prevalence of the
metabolic syndrome and insulin resistance.

Other has suggested that iron may catalyze the formation
of hydroxyl radicals, which contribute to the development
of insulin resistance [40].

Iron deposition in pancreatic f-cells may also impair in-
sulin secretion in more advanced states of iron overload [38].
Ferritin is an acute-phase reactant and may reflect in-
flammatory activity. Our data also represented that the
Alcohol group with higher ferritin level had higher glucose,
total and LDL-cholesterol, and triglyceride, suggesting meta-
bolic syndrome. This finding suggests that elevated ferritin
may relate to the development of adult diseases including
hypertension. Many studies have indicated a link between
abnormal iron storage and the development of athero-
sclerotic coronary artery disease (CAD) [6,31]. As mentioned
above, iron donates electrons to promote the formation of
reactive oxygen species (ROS) such as the hydroxyl radical

(OH) from HyO, via the Fenton reaction. Excessive iron
in tissues may catalyze the formation of highly reactive
forms of oxygen free radicals. Unstable free radicals such
as the ‘OH, singlet oxygen or HO, can cause oxidation of
LDL, which is a trigger for the development of athero-
sclerotic CAD [26]. Moreover, recent studies have reported
association between ferritin and C-reactive protein (CRP)
[25]. CRP is a risk factor for future cardiac events even in
healthy individuals [19]. Though its level is within normal
range, the Alcohol group had apparently higher LDL and
ferritin levels, indicating that the Alcohol group may have
a high possibility of formation of free radical and oxidation.

In conclusion, individuals with alcoholic fatty liver may

have higher serum iron, cardiac, and biochemical indices,
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suggesting that they may have potential of exposure to adult
disease or metabolic syndrome such as obesity, hyper-
tension, liver disease, diabetes, cardiovascular disease, or hy-
perlipidemia compared with them having non-alcoholic fat-
ty liver.
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