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Abstract

Objective: In recent research, the role of
oxidative stress has been an important fac-
tor in fatigue. The principal objective of this
study was to evaluate changes in fatigue in
workers after vitamin C administration.

Methods : We consecutively examined
44 workers who work regularly. They were
orally administered 6 g of vitamin C daily
for 2weeks. We then investigated the demo-
graphic data and assessed any changes in
the patients’ fatigue scale (VAS, FSS) and
blood tests (vitamin C, HgAlc, CRP, AST,
ALT, r-GTP, cortisol).

Results: In fatigue, both VAS and FSS
improved after vitamin C administration
(p<0.005). In blood tests, AST, ALT, r-GTP,
HgA1Ic, CRP, and cortisol were reduced after
vitamin C administration (p<0.005).

Conclusions: Vitamin Cadministration
reduced fatigue symptoms and improved
blood tests with fatigue in workers.
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Introduction

Fatigue is extremely common in both
primary and secondary care patients. Ev-
erybody experiences this symptom during
life, even in the absence of any disease.
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However, doctors, as well as the general
population, tend to neglect symptoms of
fatigue, attributing it not to illness but to a
normal response to the exertions of life.

The relevant rates of fatigue prevalence
vary considerably, depending on whether
the fatigue being examined is characterized
by tiredness, weakness, or exhaustion. The
phenomenon of fatigue is usually divided
into fatigue, chronic fatigue, and chronic
fatigue syndrome. The boundary between
fatigue, chronic fatigue, and chronic fatigue
syndrome is also fairly arbitrary, as these
are obviously subjective terms.!

According to many researchers, the
prevalence of fatigue was more than 27%,
whereas chronic fatigue had a prevalence
of 1-10%, and chronic fatigue syndrome
evidenced a prevalence of 0.2-0.7% in the
general population.”® In Korea, Kim et al.
reported that the prevalence of chronic
fatigue was 8.4%, and that chronic fatigue
syndrome occurred in 0.6% of the general
population.”

The prevalence and severity of fatigue
in workers is substantially higher than in
the general population, due to the stress
inherent to the modern work environ-
ment. Also, many workers have many
diseases or risk factors of many diseases.
If workers don’t take early steps to reduce
their fatigue, they may experience serious
difficulty and reduced work efficiency.

Despite considerable worldwide ef-
forts, no single etiology has been discov-
ered to explain fatigue symptoms, and
the pathophysiology of fatigue remains
unclear. It appears likely that multiple fac-
tors promote its development, sometimes
with the same factors both causing and
being caused by fatigue.
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A great number of recent studies have
demonstrated that oxidative stress may
be involved in its pathogenesis. The role
of oxidative stress in fatigue is an impor-
tant area for current and future research,
as it suggests the use of antioxidants in
the treatment of fatigue. Specifically, the
dietary supplements glutathione, N-ace-
tylcysteine, alpha-lipoic acid, oligomeric
proanthocyanidins, Ginkgo biloba, vita-
min C, and Vaccinium myrtillus (bilberry)
may exert beneficial effects.®”

Vitamin C is a powerful antioxidant,
and exists in a variety of fruits and veg-
etables. Fatigue is the initial symptom
of experimental scurvy, and a marginal
vitamin C deficiency may induce fatigue,
lassitude, and depression, all of which
have been shown to respond to supple-
mentation.'®*® Although some early re-
ports have failed to find any evidence
of decreased serum levels of vitamin C
in chronic fatigue syndrome (CFS) pa-
tients, no current assay technique for the
measurement of ascorbic acid is entirely
satisfactory; therefore this single report of
serum vitamin C levels arguably does not
eliminate the possibility that a subset of
chronic fatigue syndrome patients may
be vitamin C-deficient.'**

The principal objective of this study
was to evaluate changes in fatigue in
workers after vitamin C administration.

Materials and Methods
Study subjects

We consecutively examined 44 work-
ers who work regularly from 9 am to 6
pm. The exclusion criteria included the
following: pregnancy, cancer, cardiovas-
cular diseases, and infection.

Method

Written consent was obtained from
all study subjects. They were orally admin-
istered 6 g of vitamin C daily for 2 weeks.
We then investigated the demographic
data and assessed any changes in the
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patients’ fatigue scale and blood tests.

The demographic data included the
sex, age, and exercise status of the pa-
tients. The fatigue scales used included
both a fatigue severity scale (FSS) and a
visual analogue scale (VAS)."® The blood
tests conducted included: vitamin C, He-
moglobin Alc(HgAlc), C-reactive protein
(CRP), aspartate aminotranferase (AST),
alanine aminotranferase (ALT), r-GTP,
cortisol.

Statistical analysis

The fatigue scale and blood test levels
prior to and after vitamin C administra-
tion were compared via paired t-tests. A
p-value of less than 0.05 was considered
to be statistically significant.

Results
Demographic data

The demographic data (sex, age,
smoking, alcohol, and exercise) are shown
in Table 1 (opposite). The subjects includ-
ed 27 males (67.5%), 13 females (32.5%).
The patients’ mean ages were 33.83+5.63
years. No patients were excluded due to
side effects of vitamin C.

Fatigue scale

The fatigue scales prior to and after
vitamin C administration are shown in
Table 2 (opposite). VAS improved from
5.60+2.13 to 4.72+1.96 after vitamin C
administration (p=0.001). Also, FSS im-
proved from 5.04+1.41 to 3.44+1.06 after
vitamin C administration (p<0.005).

Blood tests

The blood tests prior to and after
vitamin C administration are shown in
Table 3 (opposite). The vitamin C level in
the blood increased from 42.9+12.4 pmol/L
to 68.60+£26.57 pmol/L after vitamin C
administration (p=0.001). In liver function
tests, the subjects reported significantly
lower levels of AST, ALT, and r-GTP fol-
lowing vitamin C administration (p<0.005).
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Table 1. Demographic Data.

Demographic factor  No(%)

Sex Male 27.0(67.5%)
Female 13.0(32.5%)

Age(mean=SD) 32.83+5.63 years

Smoking 20.0(50%)

Alcohol 32.0(80%)

Exercise 25.0(62.5%)

Table 2. Fatigue Scale after vitamin C administration.

before vitamin C  after vitamin C p-value

Fatigue Severity Scale 5.04£1.41 3.44+1.06 0.000
Visual Analogue Scale 5.60+2.13 4.72+1.96 0.0M
Table 3. Blood test after vitamin C administration.

before vitamin C  after vitamin C ~ p-value
Hemglobin A1c (%) 5.46+0.38 4.88+0.33 0.000
Cortisol (ug/dL) 11.64+3.83 8.80+2.75 0.000
Aspartate aminotranferase (U/L) 28.09+19.92 23.85+7.65 0.000
Alanine aminotranferase (U/L) 28.45+20.66 25.12+17.75 0.011
r-GTP (U/L) 32.59+28.92 25.93+18.05 0.000
(-reactive protein(mg/L) 0.11£0.20 0.05+0.07 0.033
vitamin C (umol/L) 42.90+12.4 68.60+26.57 0.000

The cortisol levels in the blood were re-
duced from 11.64+3.83 pg/dL to 8.80+2.75
pg/dL, and CRP levels were reduced
from 0.11+0.20 mg/L to 0.05+0.07mg/L
after vitamin C administration (p<0.005).
Also, HgA1C levels were reduced from
5.46+0.38% to 4.88+0.33% after vitamin C
administration (p<0.005).

Discussion

Fatigue is a common experience, and
most people experience feelings of fatigue
during their regular lives. Thus, fatigue

is a property both of normal experience
and of certain diseases. We believe that
fatigue should be considered a symptom
or disease in cases in which the fatigued
person perceives him- or herself to be
ill. If an individual experiences fatigue
symptoms for an extended period, that
individual may be suffering from a disease
of which fatigue is a symptom. Particu-
larly in workers, the prevalence of fatigue
symptoms is now growing at a rapid rate,
due principally to the heavy stress inher-
ent to the modern work environment.
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The etiology of fatigue remains un-
clear; however, a number of recent studies
have demonstrated that oxidative stress
may be involved in its pathogenesis."”
The role of oxidative stress in fatigue is
an important area for current and future
research, as it suggests that antioxidants
might prove useful in the management
of fatigue.'®

In this study, the subjects reported
significant improvements in fatigue fol-
lowing vitamin C administration. Vitamin
C is a powerful antioxidant and an essen-
tial cofactor for carnitine biosynthesis."
Also, according to American reports,
approximately 15% of American adults
are deficient in vitamin C.*° Twenty-five
years ago, this percentage was far lower, at
approximately 3-5% of American adults.”
Thus, modern people appear to have an
unfulfilled vitamin C requirement.

In this study, subjects evidenced im-
provements in some blood levels (AST,
ALT, r-GTP, cortisol, CRP, HgAlc) after
vitamin C administration.

AST, ALT, and r-GTP, which are as-
sociated with liver function and cortisol,
were all hormone-related. Reduced blood
levels of these compounds on these tests
were associated with improvements in
subjects’ fatigue.

C-reactive protein (CRP) is an acute
phase reactant which is secreted by
the liver in response to inflammatory
cytokines. It was identified recently as
a stronger predictor of cardiovascular
events than LDL cholesterol.”> Recently, a
meta-analysis indicated that individuals
in the top third of CRP plasma concen-
trations (2.4 mg/L) were 2 times as likely
to have coronary heart disease (CHD) as
compared to those in the lowest third of
CRP concentrations (1.0 mg/L).* In our
study, the blood levels of subjects’” CRP
decreased after vitamin C administration.
This result was reminiscent of several
other studies showing that the antioxi-
dant components in fruit and vegetables,

Vol. 23, No. 4, 2008

i.e., carotenoids, vitamin E, vitamin C, and
flavonoids, may contribute to this anti-
inflammatory effect.?** The consumption
of a diet low in antioxidants was shown
to result in inflammation, whereas anti-
oxidant supplementation has been shown
to ameliorate inflammation.*

HgAlc is an integrated measure of
plasma glucose, and is intended to rep-
resent glucose concentrations in blood
averaged over a 2-3 month period. In 1987,
Cerami et al. summarized the interac-
tion of glucose with protein and its as-
sociation with human aging and diabetic
disorders.”” Additionally, a reduction in
glycation has been suggested to prevent
diabetic disorder and to retard the aging
process. Although the duration of this
study was only 2 weeks, the blood level
of HgAlc was decreased by 0.58%. These
results were reminiscent of those of other
studies.”* In the report of Khaw et al., a
lowering of 0.2 in hemoglobin glycation
in the population would reduce total
mortality by 10%.%

In workers, fatigue is a very impor-
tant problem. If workers can resolve this
problem at an early time, they can help
prevent fatigue-associated diseases and
increase their work efficiency. We believe,
after reviewing the relevant results, that
antioxidants such as vitamin C may serve
to reduce fatigue in workers.
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