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ABSTRACT

Chronic alcoholism often leads to folate deficiency. In recent years it has been reported that mild elevation of plasma homocysteine
(Hey) is associated with an increased risk of coronary artery disease. In the present study we investigated the effects of chronic
ethanol consumption on folate status and the reladon between plasma folate and Hey. A human study was conducted to determine
plasma folate, total Hcy, cysteine(Cys), total cholesterol and hemoglobin(Hb) concentratons in 44 Korean alcoholics(men aged 30 ro
50yt ) and 45 Korean non-alcoholic subjects(men aged 30 to 50yr). In alcoholic subjects, 52.6% were folate deficient and 34.2% were
marginally deficient, which suggested that most alcoholics were subnormal in folate status. Plasma toral Hey concentration of
alcoholics was twice as high as in control subjects(p <{0.001). We found a negative corrclation between plasma folate and plasma total
Hey(r=- 0271, p<0.05) and a positive correlation between plasma folate and plasma Cys(r=0.249, p<(0.05) in total subjects. Hb
concentration in alcoholics was significantly lower than in control subjects, but there was no difference in total cholesterol
concentration between alcoholics and controls. These results suggest that chronic alcohol consumption may impair the disposal of

Hey by interfering with folate metabolism. (/ Community Nutrition 1(1) : 60~63, 1999)
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Introduction

Alcoholism is the most common form of drug abuse in
Korea. The chronic ingestion of ethanol is known to affect
a variety of organs including gastrointestinal tract, neu-
rological system, hematopoietic system, cardiovascular sys-
tem and liver. Folate deficiency is prevalent among chron-
ic alcoholics(Fichner & Hillman 1973 ; Herbert et al. 1963 ;
Klipstein & Lindenbaum 1965). Previous studies proposed
several causes of folate deficiency in severe alcoholism .
poor dietary intake(Eichner & Hillman 1971 ; Klipstein &
Lindenbaum 1965), intestinal malabsorption(Halsted et al.
1971), increased excretion of urinary folate(McMartin
1984 ; McMartin et al. 1986 : McMartin et al. 1989 ;
Ross ¢t al. 1996), and abnormal hepatic metabolism of
folate(Horn ct al. 1978 ; Tamura et al. 1981 ; Weir et al.
1985). Chronic ethanol consumption has been reported

Corresponding author : Hyesun Min, Department of Food &
Nutrition, Hannam University, #133 Ojungodong, Taeduk-gn, Tae-
jon 306-791, Korea

Tel : 042) 629-7440, Fax : 042) 629-7490

E-mail : hsmin@eve.hannam.ac.kr

to interfere with one-carbon metabolism, in which folate
serves as a coenzyme(Tamura & Halsted 1983 ; Weir et
al. 1985). Ethanol feeding in rats resulted in trapping
folare in the liver(Hillman et al. 1977) and the cxposure
of liver cells to ethanol caused an accumulation of 5-
methyltetrahydrofolate in these cells(Horn et al. 1978).

In recent years the association of folate deficiency with
mild hyperhomocysteinemia has been confirmed in many
studies(Kang et al. 1987 ; Stabbler et al. 1988 ; Ubbink
ct al. 1993). In addition the evidence of elevated total ho-
mocysteine(Hcy) levels as a possible independent risk fac-
tor in pathogenesis of coronary artery disease is accu-mu-
lating. The prevalence of mild hyperhomocysteinemia is
higher in the patients with coronary artery disease than in
healthy control subjects(Pancharuniti et al. 1994 ; Rubba
et al. 1990 ; Ueland & Refsum 1989).

There are three vitamins to serve as precursors of the
cofactors for Hcy metabolism. Hcy is catabolized to cys-
tathionine and cysteine by a vitamine Be-dependent path-
way or remethylated to methionine by a folate-and vita-
mine Bi,-dependent pathway(Kang et al. 1987 ; Ubbink
et al. 1993). Methyltetrahydrofolate is the methyl group
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donor in the methionine synthase reaction by which Hey
is remethylated to methionine. Increased methyltetrahyd-
rofolate will enhance the remethylation of Hey to methi-
onine. Subsequently, this leads to increased levels of s-ade-
nosylhomocysteine(SAM), an actvitor of Hcy catabolism
(Bratstrom et al. 1988). Therefore, folate may reduce pla-
sma Hcy both by increased remethylation and by increa-
sed carabolism.

Low folate concentration in the blood is associated with
a mildly elevared total Hcy in alcoholics and non-alcoho-
lics(Cravo et al. 1996 ; Kang et al. 1987 ; Pancharuniti et
al. 1994). From the correlation between plasma folate and
Hcy concentrations, plasma Hcy concentration has been
considered as a sensitive functional indicator of folate sta-
tus(Kang et al. 1987 . Stabbler et al. 1988).

Low serum folate levels have been reported in 28 to
80% of recently drinking alcoholics and megaloblastosis
has been found even in the presence of normal or bor-
derline-low serum folate levels(Herbert et al. 1963 ; Wu
et al. 1975). Since plasma Hey concentrations are inversely
correlated with folate status, low serum folate level in al-
coholism is proposed to impair the disposal of Hey. Cra-
vo et al{1996) observed that chronic alcoholism is associ-
ated with hyperhomocysteinemia and suggested that hy-
perhomocysteinemia in alcoholics may be related to low
RBC folate level. The folate intake and the folate starus
of Koreans were reported as sub-optimal levels, although
the data are very limited(Chang et al. 1999 ; Lim et al.
1999 . Min & Kim 1996).

In the present study, we examined the relation between
folate statns and total plasma Hey concentration and oth-
er hematological dara in a populatdon of Korecan chronic
alcoholics and non-alcoholics.

Subjects and Methods

1. Subjects

The subjects were 44 Korean male alcoholic patients
hospitalized in mental hospital(aged 30 to 50yr) and 45
Korean non-alcoholic males(aged 30 to 50yr). The alco-
holic subjects were currently active drinkers with a his-
tory of alcohol consumption for more than 10years. Mean
daily ethanol jntake of alcoholic subjects was 132.6g/day.
Most of these alcoholics drank Korean hard liquor(Soju)
more than 3 or 4 times in a week. We attempted to
match age distributions in the alcoholic group and the
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control group. Mean daily ethanol intake in non-alcoho-
lic subjects was 5.2g and they drank no more than the
equivalent of 30g of ethanol per day.

2. Collection and preparation of sample

Blood was collected in 0.1% sodium EDTA tube after
an overnight fasting(more than 8hr after dinner) and cen-
trifuged for 20min at 2500 g at 4 and plasma was se-
parated and stored at — 70°Cuntil assay.

3. Biochemical analysis of sample

Plasma folatc was assayed by microbiological assay with
Lactobacillus casei American Type Culture Collection(ATCC
7469, Seattle) as the assay organism. Total plasma Hcy
and Cys concentratons were determined by HPLC(Araki
& Sako 1987). Total plasma cholesterol and Hb concen-
tratons were analysed with commercial kits(Embiel Co.,

Korea).

4. Statistical analysis

Student's t-test was used for a statisdcal comparison of
means between two groups and the analysis of variance
(AVOVA) and Duncan's Multdple Range Test were used
to compare means of three groups classified by folate sta-
tus. Correlation between variables was assessed by Pear-
son's correlarion. Results are presented as means and stan-
dard deviations. All significance tests were bilateral and
the significance level was set at 5%. All staristical testing
was performed using the computer software program SPSS
version 8.0 for windows(SPSS, Chicago, IL) for statstics
and dara analysis.

Results and Discussions

Table 1 showed alcoholic subjects had a significantly low-
er plasma concentration of folate(8.21+4.08nmol /L) than
did the control subjects(11.61+7.63nmol/L) (p<0.05).
The plasma folate concentration was low in 20 of 38(52.
6%) chronic alcoholics but 8 of 45(17.8%) control subjects
had low plasma folare(Table 2). Although distribution of
plasma folate of alcoholics(2.97 — 25.43nmol /L) and non-
alcoholics(3.67 — 45.94nmol /1) was overlapped substantd-
ally, we observed thar plasma folate distributon in non-
alcoholics was more widely spread to higher levels(Fig. 1).
When we excluded 4 subjects with extremely high plasma
folare concentration, significant differences were observed
in alcoholics and control subjects(7.88+ 3.58nmol/L and
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Table 1. Baseline dala in chronic alcoholics and contol subjects

Control subjecls Alcoholics
Numbers 45 44
Smoking(%) 62.2 92.9
Age(years) 439 4+ 7.5 430+ 76
Plasma folate(nmol/L) 11.61+ 7.63 8.21+ 4.08*
Plasma hcy(pmol/L) 9.54+ 2.53 19.03+11.67*%*
Plasma Cys(gmol/L) 2543£55.2 237.34+56.8
Hemoglobin{g/di) 150+ 1.0 144+ 14
Tolal cholesterol{mg/dl) 197.4+41.6 185.7+56.6

*p<0.05. ***p<{0.001 significant p-value

Table 2. Assessment of plasma folate levels of the subjects

Criteria of plasma folate”  Control Alcoholics
(nmol/L) n™(%™) n(%)
Low <6.8 8(17.8%) 20 (52.6%)
Borderline 6.8-11.3 20(44.4%) 13 (34.2%)
Normal >11.2 17(37.8%) 5 (13.2%)
Total T 45100%)  38°(100%)

1) Plasma folate levels were assessed by herbert's standard

2) Nurmber of subjects, 3) Percenlage of subjects

4) Hemolyzed blood samples were excluded

9.90+ 3.50nmol /L) (p<(0.05). These data demonstrated
that folare deficiency is prevalent and a severe problem in
alcoholics. Previously Cravo et al(1996) demonstrated that
alcoholism was associated with significant changes of folate
concentration in red blood cell but not in serum when
compared with control subjects.

Chronic alcoholism is known to be associated with hy-
perhomocyteinemia, and the reasons for such an increase
could be related to a disturbed folate metabolism. In the
present study, total plasma Hcy concentradons in alcoho-
lics(19.03+11.61pmol /1) were twice as high as in con-
trol subjects(9.54+2.53umol /L) (p<0.001) (Fig. 2). The
mean values of total plasma Hey concentrations were shi-
ghtly higher as compared with the data reporred previou-
sly in other laboratories(Cravo et al. 1996 : Selhub et al,
1993), probably due to storage period difference of blood
samples and analytical method of Hey. Hey concentration
in the blood samples tends to be increased with time at
room temperature before separation of plasma by centri-
fugation. Therefore, the blood samples must be centrifu-
ged immediately after blood sampling(Vester & Rasmus-
sen 1991). The distribution of total plasma Hcy in aico-
holics(3.83 - 61.21pmol /L) (Fig. 3) was very widely spread
as compared with control group(4.23—17.91umol/1) (Fig.
4). When we employed Hcy concentration above the 95®
percentile among 219 nommal Korean subjects(unpublished
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Fig. 1. Distribution of plasma folate concentration in control and al-
coholic subjects.
Mean values were significantly different(p <{0.05).
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Fig. 2. Distribution of plasma homocysteine concentration in control
and alcoholic subjects.
Mean values were significantly different(p <0.001).
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Fig. 3. Distribution of total plasma homocysteine concentration in
of total subject in folate deficient, marginally deficient and normal
status. Mean values were significantly higher in folale deficient
group compared with marginally deficient or normal group.



data) as hyperhomocysteinemia, 14.7pmol/L of plasma Hey
was a cut-off value in this study. Twenty-five of 44 alco-
holics(56.8%) were hyperhomocysteinemic and only 2 of 45
control subjects(5%) were mild hyperhomocysteinemics.

Total plasma Hcy, plasma Cys, Hb and total choleste-
rol of total subjects was compared by folate status(Table
3). Plasma Hcy concentration was significantly higher in
the folate deficient group compared with marginally fo-
late deficient or the normal group(Table 3). Therefore, we
found thar folate deficiency could be a strong cause of hy-
perhomocysteinemia in this study. Significant differences
were not observed in total cholesterol and Hb concent-
ration by folate status although plasma Cys concentra-
tions tended to increase with plasma folate levels(p <0.05).

Since recent studies reported moderate hyperhomocys-
teinemia as an independent risk factor of cardiovascular di-
sease, some studies investigated the factors associated with
hyperhomocysteinemia(Fancharuniti et al. 1994 ; Shaw et
al. 1999). Since plasma Hcy levels were higher in current
smokers(Shaw et al. 1999) and most alcoholic subjects in
the present study(Table 1) were active smokers(92.9%)(ave-
rage daily number of cigarettes was 17.4), we could not
exclude the effect of smoking on high plasma Hcy levels
in alcoholics. For the purpose of excluding the effect of al-
cohol on plasma Hey concentration, we compared mcans
of plasma Hey concentrations of smokers and non-smok-
ers in non-alcoholic subjects. We could not find any sig-
nificant difference in plasma Hcy concentrations between
smokers and non-smokers in this study although the sub-
jects were very limited.

We found a negative correlation between plasma folate
and plasma total Hey(r=—0.270, p<0.05) and the po-
sitive correlation between plasma folate and plasma Cys
(r=0.249, p<0.05) in total subjects(Table 4). The inver-
se correlation between plasma folate and Hey suggests
that a low plasma folate level is responsible for hyperho-
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mocysteinemia. Although hyperhomocysteinemia associa-
ted with chronic alcoholism is a direct effect of alcohol
or its metabolites interfering with the intracellular meta-
bolism of folate, we could not find a significant correla-
tion between alcohol intake and plasma folate(r= - 0.028,
p=0.879) or plasma Hcy(r=0.028, p=0.879) in alcoholic
subjects. This fact suggests that folate deficiency in chronic
alcoholics may be due to not only ethanol ingestion but
also nutrifional deficiencies. Moreover, vitamin B, and vita-
min B, deficiencies could be occurring simultaneously in
alcoholics, which could contibute separately and indepen-
dently to the increase of serum Hcy in alcoholics(Cravo
et al. 1996). No correlation was found between plasma
folate and age or Hb concentradon in this study(Table 4).

Recently, several climical studies have shown that hy-
perhomocysteinemia in chronic alcoholics could be res-
ponsible for an increased incidence of stroke in this
group(Gill et al. 1991). The conversion of Hcy to me-
thionine is folate dependent and important for conser-
ving methionine, detoxifying methionine and producing
s-adenosylmethionine(SAM) which is the principal methy-
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Fig. 4. Distribution of total plasma homocysteine concentration of
non-alcoholic subjects in folate deficient, marginally deficient and
normal status.

Table 3. Comparison of plasma total hey, cys, total cholesterol and Hb concentration according to folate status of the subjects

Criteria of plasma Folate” Plasma hcy Cysleine Total Chol. Hb
{nmol/L) (zmol/L) (umol/L) (mg/dl) (g/Adl)
Low <6.8 18.7826.227 2254+42.8° 175.9446.0° 144415
Borderline 6.6-11.2 11.17+4.25° 249.3+63 5% 190.2+41.6 14.8L£1.14
Normal >11.2 11.07+5.43° 262.2+47 9° 201.3£54.4 151£1.3
CTotal T 13684921 2449+545 18664474 14813

1} Plasma folate levels were assessed by herbert's standard

2) Values within a column with different superscripts are significantly different at p<{0.05 by Duncan's multiple range test

NS : nol significant
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Table 4. Pearson's correlation coefficients between different variables

Age Plasma  Plasma  Plasma Hb
Age 1
Plasma folate 0.224 1
(p=0.189)
Plasma Hey -0.148 -0.271*% 1
{(p=0.403) {(p=0.015)
Plasma Cys 0.363* (0.249* 0.228 1
(p=0.023) (p=0.025) (p=0.163)
Hb -0.343 0.143 0115  -0.195 1

(p=0.059) (p=0.460) (p=0.543) (p=0.295)
*p<{0.05 significant p-value

lating agent in the organism. Depletion of SAM may pro-
mote a membrane injury in alcoholic liver disease(Lieber
1994).

The determinants of elevated levels of Hey are poorly
understood. The variation in plasma Hcy in the popula-
tion reflects both genetic and nutritional factors. Genetic
components seem likely to be involved in some cases(Berg
et al. 1992 . Reed et al. 1991). Particularly, the metabo-
lic defects involved in the metabolism of Hey can lead to
elevations in its levels(Kang et al. 1991 ; Rosenblatr 1995).
The hetcrozygous state for the rare recessive disease of
homocystinuria(cystatione-B-synthase deficiency) and au-
tosomal recessive inborn crrors of metabolism, such as me-
thylenetetrahydrofolate reductase deficiency, are associated
with hyperhomocysteineniia(Kang et al. 1991 ; Rosenblatt
1995). In addition, the existence of genetic traits predis-
posing to high plasma Hcy levels suggests that some vari-
abilities of plasma Hey levels in response to folate starus
might be expected. Since folate, vitamin B and vitamin
B,; are also involved as cofactors in this metabolic pro-
cess, low levels of these vitamins can also lead to high lev-
els of Hey(Brattstrom et al, 1989 ; Kang et al. 1987 :
Ubbink et al. 1993). In the present study, low plasma fo-
late levels in chronic alcoholics is strongly associated with
clevated plasma Hey levels. Since dietary folate inrake re-
flects biochemically measured folate status, an inverse as-
sociation between Hcy levels and dietary folate would be
expected. Nutritional surveys suggest thar sub-optimal in-
take of folate(Kim et al. 1999 ; Lim et al. 1999) and sub-
optmal blood folate concentration are common in Kore-
an adolescent girls, pregnant and non-pregnant women
(Chang et al. 1999 : Lim et al. 1999 : Min & Kim 1996).

Elevated Hey levels can often be normalized by the
supplementation of modest doses of folate(1 to 5mg/d)
without side effects(Kang et al. 1987 ; Brattstrom ct al.

1988). Although various combinations of folate, vitamin
B, and vitamin Bs were often effective in reducing plas-
ma Hey levels(Dierkes et al. 1999 ; van der Griend ct al.
1999), folate appeared to be the effective agent, since fo-
late reduced Hey levels even when given alone.

In summary, increased plasma Hey concentration was
found in Korean alcoholic men aged 30 ro 50yr. Low
plasma folate levels appeared to be associated with inc-
reased plasma Hcy. Since hyperhomocysteinemia is known
to be an independent risk factor of coronary artery discase,
excessive alcohol users are recommended to use a larger
dose of folate.
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