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Objective: Folate depletion and hyperhomocysteinemia increase the risk for hepatic alcoholic
damage and promote oxidative stress in animals. In addition, some investigators have reported an
inverse association between serum folate and body mass index and a positive correlation between
total homocysteine and fat mass. We investigated whether there is an association between serum
folate and total homocysteine concentrations with the presence of non-alcoholic fatty liver disease

Methods: Forty-three obese (body mass index =35 kg/m?) patients who underwent bariatric
surgery and hepatic biopsy were included. Serum total homocyteine, folate and vitamin B12
concentrations and hepatic enzymes were measured. Liver biopsies were graded for the presence of
fat, inflammation, and fibrosis on a scale from 0 to 3. A total histologic score was calculated based
on the sum of partial scores. Severe NAFLD was defined as a total score of at least 4 or severe

Results: Severe NAFLD was present in 17 patients. Serum folate concentration was significantly
lower in obese patients with NAFLD than in those with normal liver or minimal alterations (9.3 =
3.5 versus 12.2 = 3.1 ng/mL, P = 0.005). Serum total homocysteine and vitamin B12 concentra-
tions were similar in both groups. An inverse correlation between serum folate concentration and

Conclusions: In this study, severe NAFLD in obese subjects was associated with lower serum
folate concentrations and serum homocysteine and vitamin B12 concentrations were not associated

Abstract
(NAFLD) in obese subjects.
steatosis (partial score for fat = 3).
body mass index was observed (r = —0.31, P = 0.046).
with liver damage in obese subjects.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) and alcoholic
liver disease have similar pathologic features, and the latter
is more frequent in obese subjects [1]. Folate deficiency is
a common nutritional alteration that occurs in alcoholic
patients, especially those with liver disease [2,3]. In obese
children and adolescents and in overweight and obese
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women, serum folate levels correlate inversely with body
mass index (BMI), fat mass, and insulin levels [4]. More-
over, folate nutritional status improves after surgery for
morbid obesity [5].

Folate circulates as 5-methyltetrahydrofolate and serves
as a methyl donor to homocysteine (Hcy), which is con-
verted to methionine, in a reaction catalyzed by methionine
synthase, a vitamin B12—dependent enzyme. This is one of
the main reactions in the methionine cycle, a metabolic
route that leads to the synthesis of S-adenosylmethionine
through the enzyme methionine adenosyltransferase, which
is expressed in the liver as methionine adenosyltrans-
ferase-1A and in other tissues as methionine adenosyltrans-
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ferase-2A. S-adenosylmethionine is the main methyl group
donor in many transmethylation reactions (e.g., DNA, pro-
teins and lipids), yielding S-adenosylhomocysteine. S-ad-
enosylhomocysteine is hydrolyzed to Hcy, which can be
remethylated to methionine by MS or betaine-Hcy methyl-
transferase in hepatic tissue. This last reaction requires cho-
line as a precursor of betaine. Hey can also be degraded with
the transulfuration pathway in which vitamin B6 partici-
pates and leads to glutathione synthesis [6].

As a consequence, folate deficiency disturbs hepatic me-
thionine metabolism and causes impaired Hcy catabolism in
the liver and other tissues by decreasing cystathionine, glu-
tathione and S-adenosylmethionine syntheses, inhibiting
Hcy remethylation, increasing S-adenosylhomocysteine,
and decreasing hepatic choline and its precursors that could
lead to liver damage [7].

In ethanol-fed micro pigs, folate deficiency amplified
abnormal hepatic methionine metabolism, increased oxida-
tive stress and DNA damage, and promoted early develop-
ment of alcoholic liver damage [8].

In smooth muscle cells and liver stellate cells, Hcy
impairs extracellular matrix breakdown by inducing the
expression and synthesis of the tissue inhibitor of metal-
loproteinase-1 and «;-procollagen [9]. Alcohol-induced
hyperhomocysteinemia in mice is associated with endo-
plasmic reticulum stress, leading to the activation of
apoptotic and fat synthetic gene expression in the liver,
which contributes to some of the pathologic features of
alcoholic liver disease. The correction of hyperhomocys-
teinemia by betaine reverts these changes [10].

This study explored whether there was an association
between serum folate and Hcy concentrations in obese sub-
jects with and without NAFLD.

Materials and methods

Obese female patients with a BMI value above 35 kg/m?
who underwent bariatric surgery at the Clinical Hospital of the
University of Chile (Jose Joaquin Aguirre Hospital, Santiago,
Chile) between March 2000 and December 2002 were consec-
utively included. Inclusion criteria were no history of alcohol
ingestion (defined as alcohol ingestion < 20 g/d, measured by
ascertaining the number of drinks per week, which was verified
through interview with relatives), negative markers of chronic
liver disease or viral hepatitis, and normal renal function (cre-
atinine = 133 pwmol/L) to have a frozen serum sample stored
and to have a wedge liver biopsy excised during surgery. These
are routine diagnostic procedures for all patients admitted for
bariatric surgery. The same surgical procedure was performed
in all patients [11].

All subjects gave written informed consent to undergo
bariatric surgery, liver biopsy, and store serum samples for
future measurements. The protocol was approved by the
institutional committees on ethical practice.

Serum total Hcy (tHcy), folate, vitamin B12 concentra-

tions, aspartate aminotranferase, alanine aminotransferase,
bilirubin, y-glutamyltransferase, alkaline phophatase, glu-
cose, and lipid profile were measured. Folate and vitamin
B12 were determined by an ion capture technique using
Abbott kits (IMX system folate and B12; Abbott Laborato-
ries, Diagnostic Division, Abbott Park, IL, USA). Serum
tHcy was measured with an Abbott kit (Abbott IMX), a
procedure based on fluorescence polarization immunoassay
technology. Glucose, lipid profile, and hepatic enzymes
were measured by routine laboratory assays using Abbott
kits. Liver biopsies were prepared for light microscopy.
Histologic slides were stained with hematoxylin and eosin
and Masson trichromic stain, coded, and read blindly by one
of the authors (G.S.), an experienced gastrointestinal pathol-
ogist. Histopathologic scoring was performed according to
guidelines of the American Gastroenterological Association
[12]. Briefly, a minimum of 10 portal spaces was examined
in each slide, and the presence of fat, inflammation, and
fibrosis was recorded and graded on a scale from O to 3. Fat
was graded 1 when macrovesicular steatosis constituted up
to 30% of the hepatocyte, 2 with 30% to 70%, and 3 with
more than 70%. Inflammation was graded 1 if small scat-
tered intralobular foci or hypercellularity in portal tracts was
found; 2 if dense hypercellularity or foci was found in all
lobules; and 3 if inflammatory enlargement to portal tracts
or confluent inflammation was found. Fibrosis was graded 1
when there was pericentral vein fibrosis; 2 if there was septa
formation, central, periportal, or intralobular, without bridg-
ing; and 3 if there was prominent septa bridging with or
without nodule formation. Total histologic scores were the
sum of the partial scores. Normal liver or minimal alter-
ations was defined by a total score no higher than 3 with a
partial score for fat no higher than 2 (Fig. 1). Severe
NAFLD was defined as a partial score of 3 for fat (Fig. 2)
or a total score of at least 4 (Fig. 3). Statistical analysis was
done with Statistica 4.5 for Windows (StatSoft Inc., 1993).
Descriptive data are expressed as mean * standard devia-

Fig. 1. Light microscopic appearance of the liver from obese females with
normal liver, total score = 0 (magnification 100 X).
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Fig. 2. Light microscopic appearance of the liver from obese females with
severe steatosis, partial histological score for fat = 3, partial score for
inflammation = 0, partial score for fibrosis = 0 total score = 3 (magni-
fication 100 X).

tion. Student’s ¢ test was used to compare differences be-
tween means. Associations between numerical variables
were evaluated with Pearson’s correlation coefficient and
Spearman’s correlation coefficient for non-continuous vari-
ables such as histopathologic scores.

Results

Forty-three female patients were included. Twenty-six
had normal or minimal alterations in liver biopsy (total
score = 1.6 * 1.32) and 17 presented severe NAFLD (total
score = 5.4 £ 1.40).

Age, lipid profile, and serum glucose were similar in
obese patients with or without liver alterations. However,

Fig. 3. Light microscopic appearance of the liver from obese females with
severe non alcoholic fatty liver disease, partial score for fat = 2, partial
score for inflammation = 2, partial score for fibrosis = 0, total histological
score = 4 (magnification 100 X).

Table 1
General characteristics of patients with and without liver damage*
Normal liver NAFLD P
(n = 26) (n=17)
Age (y) 422 * 11.0 374+ 123 0.19
Body mass index (kg/m?) 413 *£53 477 *+175 0.013
Fasting glucose (mg/dL) 96.0 = 16.3 1164 =453 0.06
Total cholesterol (mg/dL) 195.0 = 48.9 1953 =434 0.98
HDL cholesterol (mg/dL) 437 £ 135 445 €82 0.82
Triacylglycerol (mg/dL) 166.7 = 56.6 1943 = 127.6  0.37

HDL, high-density lipoprotein; NAFLD, non-alcoholic fatty liver
* Values are mean * standard deviation.

BMI was higher in those with severe NAFLD (Table 1).
Liver enzyme, function tests, and histologic score are shown
in Table 2. Patients with NAFLD had higher levels of
aspartate aminotransferase and alanine aminotransferase
than did patients with normal or minimal histologic liver
alterations (P < 0.008).

Serum folate concentration was lower in patients with se-
vere NAFLD (21.1 = 7.9 nmol/L) than in those with minimal
damage or without liver damage (27.7 = 7.04 nmol/L, P =
0.005). Serum cobalamin and Hey concentrations were similar
in both groups (Table 3). BMI correlated inversely with serum
folate concentration (r = —0.31, P = 0.046) and positively
with total histologic score (Spearman’s r = 0.33, P = 0.026).
Fat score had a positive correlation with BMI (Spearman’s » =
0.38, P = 0.008) and a negative correlation with serum folate
concentration (Spearman’s r = —0.31, P = 0.03). Total his-
tologic score, inflammation, and fibrosis were not correlated
with BMI, serum folate, or Hcy concentrations. Serum Hcy
concentration was not associated with serum vitamin concen-
tration or BMI.

Discussion

In this study we found that obese patients with demon-
strated severe NAFLD by liver biopsy had lower serum

Table 2
Histologic score, liver enzymes, and function test of patients with and
without liver damage*

Normal liver ~NAFLD P

(n = 26) (n=17)
Total histologic score 1.6 = 1.32 54 *1.40 <0.0001
Fat score 0.5 +0.84 3+0 <0.0001
Fibrosis score 0.10 £0.32 0.73 £ 1.01 <0.0001
Inflammation score 0.5+0.71 1.59 £ 1.11  <0.0001
Albumin (g/dL) 3.8 042 3.9 £0.33 0.19
Bilirubin (mg/dL) 047 £0.2 0.63 £0.2 0.14
AST (IU/L) 234 +83 459 +=25.0 0.0001
ALT (IU/L) 26.8 £9.9 52.8 £31.9 0.008
y-Glutamyltransferase (U/L)  39.5 £ 44.9 73.2 £ 67.2 0.08
Alkaline phophatase (U/L) 99.9 + 59.6 102.1 = 68.7 0.90

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
NAFLD, non-alcoholic fatty liver
* Values are mean * standard deviation.
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Table 3
Serum folate, homocysteine, and vitamin B12 concentrations in patients with and without liver damage*

Normal liver (n = 26) NAFLD (n = 17) P
Serum folate (nmol/L)" 27.7 = 7.04 (12.5-47.9) 21.1 =7.9(10.2-32.2) 0.005
Serum homocysteine (wmol/L)* 9.65 £3.91 (5.5-21.7) 9.18 = 2.40 (5.3-14.6) 0.23
Serum vitamin B12 (pmol/L)* 286.4 + 144.1 (140.6-444.0) 300.5 * 210.7 (159.1-767.4) 0.4

NAFLD, non-alcoholic fatty liver

* Values are mean * standard deviation (range).
¥ Normal value is higher than 6.8 nmol/L.

* Normal value is lower than 15 wmol/L.

¥ Normal value is higher than pmol/L.

folate concentrations than did obese subjects with normal
liver or minor liver alterations. Our results are consistent
with previous demonstrations of the importance of folate
deficiency in the development of other models of liver
injury. Halsted et al. [8] demonstrated steatonecrosis in five
of six folate-deficient ethanol-fed micropigs compared with
minimal steatosis in two of six alcohol-fed animals with
normal folate ingestion. Suzuki et al. [13] reported that
increased serum hepatic aminotransferases during therapy
of rheumatoid arthritis with small-dose methotrexate was
independently associated with female sex, obesity, baseline
aminotransferases, methotrexate dose, and gastrointestinal
side effects. Even so, folate supplementation reversed the
sustained increase in aminotransferases.

Folate depletion promotes oxidative stress in rat livers
due to a deleterious effect in the antioxidant defense system.
Glutathione synthesis declines, and copper-zinc superoxide
dismutase and glutathione peroxidase activities decrease,
but no effect on catalase activity in liver homogenates have
been observed. Further, lipid peroxidation products, as mea-
sured by thiobarbituric acid-reactive substances and induced
by additional H,0, or Fe*" treatments, increases signifi-
cantly [14-16].

Several studies have associated overweight with low
serum folate levels. Epidemiologic studies have demon-
strated that obese people replace fruit and vegetables with
fatty foods [17-19]. Moreover, obese women double the
risk of bearing a child with neural tube defect [20]. Folate
depletion also has been observed in 45% of obese patients
before gastric bypass surgery [21]. This study is in accor-
dance with these epidemiologic data, because we observed
that serum folate concentration is inversely associated with
BMI. Thus, lower serum folate concentration in the NAFLD
group may have been due to their higher BMI. Another
explanation is that, as the methionine cycle fails even in
early stages of liver injury, requirements for folate increase
in these patients as a protective mechanism. This could
lower circulating folate concentrations, although within nor-
mal ranges, despite food fortification. This hypothesis de-
veloped from results in animal models, showing that, in
moderately folate-depleted rats, hepatic S-adenosylmethi-
onine decreases significantly [22].

The lack of correlation between folate and Hcy concen-
trations observed in this study does not have a clear expla-

nation. It could be due to a ceiling effect because these
patients were not folate depleted [23]. The normal folate
concentration found in this study is likely explained by the
folic acid fortification of wheat flour with 220 pg of syn-
thetic folic acid/100 g of wheat flour, a national program
initiated in Chile in January 2000 to decrease women’s risk
of bearing a child with a neural tube defect [24]. It is also
possible that our patients had previous folate deficiency
during a long period and that after fortification serum folate
and Hcy concentrations recovered, unlike liver histologic
alterations. This is not surprising because tHcy recovers
shortly after folate supplementation (4 to 8 wk) [25]. Feed-
ing rats with folate-free diets during 4 wk, resulted in
compromised hepatic antioxidant enzymatic defences and
increased susceptibility to lipid peroxidation in the absence
or presence of additional oxidative stress [26]. No data are
currently available in humans. The absence of an associa-
tion between serum folate and Hcy concentrations could
also be attributed to a shift of the remethylation pathway
from a folate dependence toward a betaine-dependent path-
way after adequate ingestion of folate [27].

In conclusion, the association between obesity and lower
serum folate concentrations may represent a risk factor for
NAFLD. These novel findings deserve further investigation.
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