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Aim: Several studies suggest that coal miners are un-
der risk of severe health problems such as cardiovascu-
lar, pulmonary, neurological, renal, hematological and 
musculoskeletal disorders. However, there are limited 
data on biochemical changes in underground workers. 
In our study we aimed to evaluate the association be-
tween serum homocysteine (Hcy), vitamin B12, cystatin C 
and folate levels in the blood of underground coal min-
ers. Materials and Methods: Eighty one coal miners who 
work as underground or surface workers were recruited 
into our study. The study population was divided into 
two groups: the surface worker group (control group, 
n=33) and the underground worker group (n=48). The 
folate, vitamin B12, Hcy, cystatin C levels and body mass 
indexes (BMI) of both groups were measured and com-
pared. Serum folate, Hcy and vitamin B12 levels were 
measured with a competitive chemiluminescence immu-
nassay. Serum levels of cystatin C were determined by 
the latex particle–enhanced turbidimetric method using 
a cystatin C kit. Urea values were measured with a ki-
netic method on an automated analyzer. Results: There 
were no statistically significant differences between the 
underground workers and surface workers in the urea, 
cystatin C and vitamin B12 levels. High serum Hcy levels 
and low folate levels were found in underground work-
ers compared with those in surface workers. The correla-
tion between Hcy and folate levels was also statistically 
significant. Similarly, there was also a significant correla-
tion between Hcy and vitamin B12, and between Hcy and 
cystatin C levels. Conclusions: Elevated Hcy levels may 
be associated with underground working but further re-
search is necessary to understand the relation between 
elevated Hcy and increased prevalence of health prob-
lems in coal miners.
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InTRodUCTIon

Mining has independently been associated with a 
number of adverse health effects such as cardiovascular, 
pulmonary, neurological, renal, hematological and mus-
culoskeletal disorders. However, the effect of mining ac-
tivities has not been adequately studied.

Homocysteine (Hcy) is a sulfur- containing, nonpro-
teinogenic amino acid biosynthesized from methionine 
that occupies a key place between the folate and acti-
vated methyl cycles. Homocysteine has three metabolic 
fates: to be remethylated to methionine, to enter the 
cysteine biosynthetic pathway, or to be released into 

the extracelluler medium (Medina et al., 2001; Selhub et 
al., 1999). In adults Hyperhomocysteinemia (HHcy), is 
caused mainly by folate and vitamin B12 deficiency or 
polymorphism in the homocysteine metabolic pathway 
and leads to adverse health problems similar to those 
observed in coal miners (Sawuła et al., 2009).

Hcy might cause endothelial damage, generate free 
radicals, and promote oxidative damage and stress (Ko-
nukoglu et al., 2003; Lewington et al., 2012; Kado et al., 
2002). Folate is a B-vitamin that, as per definition of 
a vitamin, cannot be synthesized de novo; it must be 
derived from the diet or supplementation (Blom et al., 
2011). The folate-mediated one-carbon metabolic path-
way is fundamental to DNA synthesis, repair, and meth-
ylation (Collin et al., 2010). Biologically, this has been 
ascribed to the fact that inadequate intake of folate, vita-
min B6, vitamin B12, or a combination of B vitamins in-
creases Hcy levels. Epidemiological data also suggest that 
low folate levels pose a risk of cardiovascular diseases, 
several cancers and chronic diseases (Sauer et al., 2009 ).

Several studies have reported a positive relationship 
between Hcy levels, folate levels and heavy metals. The 
term “Heavy metal” refers to any metallic chemical ele-
ment that has a high density and is toxic or poisonous at 
low concentrations. Coal contains many heavy metals, as 
it is created through compressed organic matter contain-
ing virtually every element in the periodic table - mainly 
carbon, but also heavy metals. The heavy metal content 
of coal varies by coal seam and geographic region. A va-
riety of chemicals (mostly metals) associated with coal 
are either found in the coal directly or in the layers of 
rock that lie above and between the seams of coal (Vas-
silev et al., 2003; Vassilev et al., 2005). Furthermore, the 
coal miners work 8 hours shifts under heavy and trou-
blesome conditions. Accessing the underground ore can 
be achieved via a decline (ramp), inclined vertical shaft 
or adit. These reach up to 2000 meters deep below the 
sea surface. The miners do continuous intensive physical 
work, encounter toxic fumes, and coal dust particles, and 
pressure changes at this altitude. All these parameters 
could impair serum Hcy and folate levels in coal miners.

However, to the best of our knowledge, there has 
been no study in the literature which investigates Hcy, 
cystatin C, vitamin B12 and folate levels in coal miners. 
Zonguldak has been the main coal extraction basin of 
Turkey since the end of the 19th century. We compared 
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the Hcy, urea, cystatin C, vitamin B12 and folate levels 
of underground coal mine workers with those of surface 
coal miners in the Zonguldak basin in order to investi-
gate the effect of underground working on serum Hcy, 
urea, cystatin C, vitamin B12 and folate levels.

MATERIAlS And METHodS

Study design. In total, 81 coal miners who work in 
Zonguldak coal mines as underground or surface work-
ers were recruited into our study. All coal miners were 
male. The study population was divided to two groups: 
a surface worker group (control group) and an under-
ground worker group. Thirty three men with a mean age 
of 42.8 ± 5.4 years (range: 36–48) who were healthy ac-
cording to their medical histories, a basic examination 
and a rutine serum analysis, were enrolled into the sur-
face worker group. The underground worker group con-
sisted of 48 males with a mean age of 43.1 ± 3.9 years 
(range: 37–52 years). The population of underground 
workers consisted of excavators (n=8), transporters 
(n=13), mechanics (n=8), repairmen (n=11) and others 
(n=8). The mean total duration of underground work 
(total exposure) was 17.4 ± 3.0 years (range: 7–24 years). 
The folate, vitamin B12, Hcy, cystatin C levels and body 
mass indexes (BMI) of both groups were measured.

Cigarette smoking, alcohol consumption, detailed 
medical history and drug intake (especially regarding to 
the use of medication related to the systemic diseases 
such as hyperlipidemia, hypertension, Diabetes Mellitus) 
were recorded and these patients were excluded.

Biochemical markers. Blood samples were taken 
in the morning under standardized conditions after an 
overnight fasting period. Serum samples were immediate-
ly centrifuged at 4°C and stored at –40°C until analysis. 
Serum folate and vitamin B12 levels were measured with 
a competitive chemiluminescence immunoassay (DPC 
Immulite 2000, BioDPC, Los Angeles/U.S.A.). Analyti-
cal sensitivity was 0.3 ng/ml and 50 pg/ml, respectively. 
The intra- and inter assay coefficients of variations (CVs) 
were both below 4.1%. Serum Hcy levels were measured 
by competitive chemiluminescence immunoassay with 

DPC Immulite 2000 (BioDPC, Los Angeles/U.S.A.). 
Analytical sensitivity was 0.5 µmol/L. The intra- and 
inter assay coefficients of variations (CVs) were below 
4.3%. Serum levels of cystatin C were determined by 
the latex particle–enhanced turbidimetric method using a 
cystatin C kit (DAKO, Glostrup, Denmark) on a Cobas 
Integra 800 autoanalyser instrument (Roche, Mannheim, 
Germany) according to the manufacturer’s instructions. 
The absorbance was measured at 552 nm, and the cys-
tatin C concentration of each sample was calculated 
from the calibration curve. Urea values were measured 
with a kinetic method on a Roche Integra 800 automat-
ed analyzer.

Statistical analysis. Results were reported as 
means  ±  standard deviation. Differences between the 
study and control groups were compared using Student’s 
t test. Pearson’s correlation was used to verify the cor-
relations in serum parameters. p < 0.05, two tail, was con-
sidered significant. Statistical analyses were performed 
using the SPSS 13.0 version for Windows (Chicago, IL, 
USA).

RESUlTS

The age, duration of work and BMI levels were com-
parable in both groups (p > 0.05, p > 0.05, p > 0.05, re-
spectively) and data are given in Table 1. In the present 
study, Hcy levels were significantly increased in under-
ground workers compared to surface workers (13.5 ± 9.5, 
8.5 ± 0.5, p<0.05). Additionally, folate levels were sig-
nificantly reduced in coal miners compared to those in 
control group (9.0 ± 3.5, 13.3 ± 1.0, p<0.05). There was 
no statistically significant difference between the under-
ground workers and surface workers regarding the urea 
(30.6 ± 6.1, 29.2 ± 8.0, p>0.05), cystatin C (0.70 ± 0.12, 
0.69 ± 0.38, p>0.05) and vitamin B12 (252.0 ± 74.4, 
257.0 ± 90.8, p>0.05) levels (Table 2). The correlation 
between Hcy and folate levels was also statistically sig-
nificant (r=–0.297, p=0.014). Similarly, there was also a 
correlation between Hcy and vitamin B12, and between 
Hcy and cystatin C (r=–0.371 p=0.021 and r=0.293 
p=0.031, respectively). There was no significant cor-

relation between age and Hcy levels 
(r=0.039, p=0.747), age and folate 
(r=0.168, p=0.117). There was no sig-
nificant correlation between the dura-
tion of work underground and Hcy 
levels (r=0.135, p=0.420), or the dura-
tion of work underground and folate 
(r=0.238, p=0.156).

dISCUSSIon

Epidemiological and clinical trials 
suggest that underground workers, 
particularly the coal miners, are under 
risk of severe health problems (Kado 
et al., 2002; Blom et al., 2011; Collin et 
al., 2010; Sauer et al., 2009). However, 
there are limited data on biochemi-
cal changes in underground work-
ers. In the literature, there are only 
1616 papers about coal miners. If you 
search for “coal miners health” in the 
PubMed, you will obtain less than 400 
studies. When you search for “coal 
miners and biomarker” in PubMed, 
less than 200 articles will be found. 

Table 1. Characteristics of study population

Underground workers
(n=48)

Surface workers
(n=33) P value

Duration of work (years) 17.4 ± 3.0 19.4 ± 5.1 > 0.05

Age (years) 43.1  ± 3.9 42.8 ± 5.4 > 0.05

BMI (kg/m2 ) 27.9 ± 3.6 25.6 ± 3.9 > 0.05

Table 2. Cystatin C, urea and vitamin B12 levels

Underground workers
(n=48)

Surface workers
(n=33) P value

Cystatin C (mg/L) 0.70 ± 0.12 0.69 ± 0.38 > 0.05

Urea (mg/dL) 30.6 ± 6.1 29.2 ± 8.0 > 0.05

Vitamin B12 (pg/mL) 252.0 ± 74.4 257.0 ± 90.8 > 0.05

Table 3. Homocysteine and folate levels

Underground workers
(n=48)

Surface workers
(n=33) P value

Folate (ng/mL) 9.0 ± 3.5 13.3 ± 1.0 < 0.05

Homocysteine (μmol/L) 13.5 ± 9.5 8.5 ± 0.5 < 0.05
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Our article is the first study in the literature which inves-
tigates Hcy, vitamin B12 and folate levels in coal miners.

Theoretically An increase in plasma Hcy level could 
be caused by an increased production rate (i.e, trans-
methylation), a decreased rate of removal by transsulfu-
ration or remethylation, or a decrease in the excretion 
of Hcy (Barrera-Chimal et al., 2012; Salgado et al., 2010). 
Current evidence indicates that the major mechanism for 
HHcy in renal failure is a decrease in Hcy removal from 
the body. However, it is debated whether this effect is 
the result of a decrease in the renal metabolic clearance 
or a result of extrarenal metabolic changes. The human 
kidney plays a major role in the removal of several ami-
nothiols or Hcy-related compounds from the circulation 
(e.g., cysteine-glycine, glutathione, AdenosylMet, and Ad-
enosylHcy) (Barrera-Chimal et al., 2012; Salgado et al., 
2010). There is reasonably good clinical evidence that 
HHcy itself does not cause renal insufficiency (van Gul-
dener et al., 2003). Several methods have been applied 
to investigate kidney and whole-body sulfur amino acid 
metabolism in healthy subjects and in patients with dif-
ferent degrees of renal failure (Perna et al., 2001). Blood 
urea and creatinine, the most widely used clinical mark-
ers of kidney function, are now recognized as an unreli-
able measure of GFR because serum urea and creatinine 
are affected by age, weight, muscle mass, race, various 
medications, hydration, diet, and extra-glomerular elimi-
nation (Garibotto et al., 2006). Cystatin C is an endog-
enous glycosylated protein produced in all nucleated cells 
in the human body and a novel marker for renal func-
tion (Laterza et al., 2002). The use of cystatin C for the 

assessment of renal filtration function has recently been 
approved (Filler et al., 2005).

Serum creatinine, a surrogate for both renal function 
and Hcy generation, is a determinant of fasting plasma 
total Hcy levels (Bostom et al., 1999). Consistent results 
now clearly indicate that serum cystatin C is superior to 
serum creatinine in early detection of a decrease in the 
glomerular filtration rate. There is a strong, independent 
(inverse) association between the glomerular filtration 
rate, directly determined by either thiohexol clearance or 
Cr-EDTA clearance, and fasting serum Hcy levels, which 
encompasses glomerular filtration rates throughout the 
normative range. These data also revealed that serum 
creatinine was not an independent predictor of fasting 
Hcy levels in models that included directly measured 
glomerular filtration rate. Serum cystatin C was a much 
better predictor of fasting Hcy levels relative to serum 
creatinine (Filler et al., 2005; Aras et al., 2001). Therefore, 
we studied cystatin C and urea levels in all participants 
to correctly detect Hcy level and properly evaluate the 
underlying mechanisms. In the present study, despite in-
creased Hcy levels, cystatin C and urea levels were found 
to be in the normal range.

On the other hand, Hcy levels show a significant in-
verse correlation with serum vitamin B12, B6 and folate 
levels. Individuals with low folate levels may have el-
evated levels of homocysteine. In this study, the same 
correlation between low levels of folate and high homo-
cysteine levels were seen.

It is documented that the plasma Hcy levels are affect-
ed by physical activity. However, the data concerning the 
physical activity effect on plasma Hcy are equivocal since 
both a decrease and an increase in plasma Hcy have 
been noted in response to physical stress (Papapanag-
iotou et al., 2011). At present, data are scarce with regard 
to the effects of exercise on Hcy levels. Regular aerobic 
exercise lowers Hcy levels in overweight/obese persons 
by as much as 26% over the course of a 6-month brisk 
walking program (three to five times per week) (Vincent 
et al., 2006; Randeva et al., 2002). Smaller but significant 
reductions (6% to 8%) have been reported in healthy 
older adults after either a low- or high-intensity 24-week 
resistance training program (Vincent et al., 2003). Vincent 
et al. (2006) showed that overweight/obese older adults 
demonstrated 6% reduction in Hcy after resistance ex-
ercise, and normal-weight older adults demonstrated 
12% reduction in Hcy after resistance exercise training. 
Also, the change in muscle strength was correlated with 
serum Hcy levels, whereas the change in adiposity was 
not (r=–0.264, p=0.095). In that study, authors pointed 
out several clinically important ramifications for the re-
sistance exercise. First, reduction in Hcy lowers cardio-
vascular disease risk. Second, reduction in Hcy may nor-
malize cell oxidation-reduction status and suppress pro-
oxidant pathways that cause oxidative stress (Kado et al., 
2002). Given that lipid peroxidation and Hcy levels were 
both reduced after resistance exercise training, it is pos-
sible that Hcy may mediate pathways that lead to oxida-
tive stress reduction. Third, Kado et al. (2002) postulated 
that aging-induced skeletal muscle atrophy and weakness 
may be attenuated with reductions in Hcy. Coal miners 
work in the same manner as people doing resistance ex-
ercise, digging, lifting heavy stuff, drilling etc. However, 
these arguments could not explain high levels of Hcy in 
coal miners. Resistance exercise has been shown to im-
prove insulin sensitivity in overweight individuals (Vin-
cent et al., 2006; Ibanez et al., 2005) and may, therefore, 
increase Hcy clearance and reduce the blood levels of 
this amino acid. Also, resistance training that includes 

Figure 1. The relationship between homocysteine and vitamin 
B12.

Figure 2. The relationship between homocysteine and folic acid.

Figure 3. The relationship between homocysteine and cysta-
tin C.
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concentric muscle contractions, may cause transient hy-
perinsulinemia and increased net protein synthesis (Ev-
ans, 2004) in skeletal muscle in persons who are not 
insulin-resistant (Tessari et al., 2005). In our study, BMI 
of underground coal miners was found to be above 25, 
probably due to increased muscle strength, which was 
slightly higher than that of surface workers (not statisti-
cally significant). However the BMI value could not be 
a sufficient explanation for increased Hcy levels in un-
derground workers. In our study population, all work-
ers (both underground and surface) have been working 
for more than 15 years. The effect of cumulative years 
(more than 10 years) of working under extreme condi-
tions on Hcy levels has not been addressed.

Although specific aspects of Hcy kinetics were not 
measured in this study, we speculate that there are po-
tential resistance exercise induced mechanisms that may 
contribute to the alteration in Hcy levels. However, data 
concerning the physical activity effect on plasma Hcy 
concentration are equivocal since both a decrease and 
an increase in plasma Hcy have been noted in response 
to physical stress (Ruiz et al., 2007). Football and field 
hockey are high-intensity intermittent sports that rely 
predominantly on aerobic energy pathways but also in-
volve a considerable amount of anaerobic activities. 
Analysis of the physiological cost and energy expenditure 
of hockey and football players have placed these games 
in the category of heavy exercise (Reilly et al., 1992). Pa-
papanagiotou et al (2011) investigated the levels of Hcy 
in football and hockey players before and soon after a 
match. All the athletes presented significant increases in 
serum Hcy levels soon after a match (p=0.001 for foot-
ball and p=0.001 for hockey players). A cross-sectional 
study in 434 Japanese adults examined the associations 
among objectively measured physical activity, plasma Hcy 
adjusted for dietary folate intake, and MTHFR C677T 
genotype (Murakami et al., 2011). In some genotypes 
(TT), a shorter time spent in light physical activity was 
associated with higher plasma Hcy than a longer time 
spent in light physical activity (11.5 ± 3.3 nmol/mL vs. 
8.5 ± 3.3 nmol/mL, p<0.001). Venta et al. (2009) showed 
higher plasma concentrations of Hcy after an acute in-
tense exercise too, but no changes were seen in folate 
levels. However, evidence gathered from long-term exer-
cise training, which includes moderate and high-intensity 
levels, is equivocal. Therefore, Hcy kinetics should be in-
vestigated for coal miners at regular intervals, e.g., at the 
end of the working day in the first months of working, 
to facilitate a correct interpretation. It may be useful for 
reorganizing their working program.

The low folate levels were found in underground 
workers compared with surface workers (9.0 ± 3.5 and 
13.3 ± 1.0, respectively, p<0.05). It is hard to interpret 
this finding because there is no research about this issue. 
Some hypotheses could be put forward about low folate 
levels in coal miners working underground.

One of the most important aspects of underground 
hard rock mining is ventilation. Ventilation is required to 
clear toxic fumes and remove exhaust fumes from diesel 
equipment. Coal miners are highly exposed to coal dust 
particles. Chronic occupational exposure to coal dust 
particles can result in a broad range of adverse effects. 
In the coal basin in which the study was performed, 
mean respirable dust concentrations underground and 
on the ground were 1.66 mg/m3 and 0.73 mg/m3, re-
spectively. Incidence of pneumoconiosis ranged between 
0.17–2.8 percent and the prevalence ranged between 
1.23–6.23 percent between 1985 and 2004 (Tor et al., 
2010). Landen et al. (2011) examined the dose-response 

relationship between cumulative coal dust exposure, coal 
rank, and ischemic heart disease mortality among a co-
hort of underground coal miners who participated in the 
National Study of Coal Workers’ Pneumoconiosis. There 
was an increased risk of mortality from ischemic heart 
disease associated with cumulative exposure to coal dust 
and with coal rank. They concluded that the effect of 
coal rank could be due to differences in the composition 
of coal mine dust particles. In some studies, occupation-
al exposure to some inorganic particles such as chromate 
was associated with vitamin B12 and folate deficiency. 
Chrome and related compounds such as chromate are 
found in the coal in the range of 10–220 mg/kg (Taka-
hashi et al., 1989). When the coal is heated, chrome and 
chromate are found both as airborne solid particles and 
in a gaseous form in the air. Wang et al (2011) showed 
that serum vitamin B12 and folate levels were decreased 
and significantly inversely correlated with chromium con-
centrations in red blood cells in the chromate exposed 
workers. The same authors also found that oxidative 
DNA damage and global DNA hypomethylation were 
related to folate deficiency in chromate manufacturing 
workers (Wang et al., 2012). The results showed an evi-
dent accumulation of Chrome in erythrocyte accompa-
nied by significantly decreased serum folate in chromate 
exposed workers. The decreased serum folate was associ-
ated with increased urinary 8-hydroxy-2’-deoxyguanosine, 
DNA strand breaks and global DNA hypomethylation. 
These findings suggest that chronic occupational chro-
mate exposure could induce folate depletion, which may 
further promote DNA damages and global DNA hypo-
methylation. However, the metabolic consequences of 
coal particle exposure have not been fully investigated. 
Further studies designed to correlate the risk of low fo-
late levels with coal particle exposure are needed to eval-
uate this issue.

On the other hand, several recent studies have report-
ed a positive relationship between blood lead and Hcy 
levels in the general population or lead-exposed work-
ers, suggesting that certain kinds of heavy metals can 
disturb the metabolism of Hcy (Lee et al., 2012; Chia et 
al., 2007). Notably, micronutrients such as folate, vitamin 
B6, and vitamin B12 are also involved in the pathways of 
Hcy metabolism (Lee et al., 2012). Therefore, it is postu-
lated that there may be some joint effect of heavy metal 
exposition and these micronutrients on the level of Hcy. 
Many of the heavy metals released in the mining and 
burning of coal, such as lead, mercury, nickel, tin, cad-
mium, antimony, and arsenic, as well as radio isotopes of 
thorium and strontium, are environmentally and biologi-
cally toxic elements (Vassilev et al., 2003). The relation 
between heavy metals and folate were also studied by 
several investigators. In vitro studies found that mercury 
inhibited methionine synthase, an enzyme that interacts 
with vitamin B12 and folate to regenerate the amino acid 
methionine from Hcy, and inhibition of methionine syn-
thase diverted Hcy to cysteine and glutathione synthe-
sis. Gallagher et al. (2011) showed that Hg was inversely 
correlated with plasma Hcy, with higher methylmalonic 
acid and lower folate. Krieg et al. (2009) pointed out 
that serum folate, erythrocyte folate, and serum vitamin 
B12 decreased as the blood lead concentration increased. 
Katko et al. (2008) suggested that nickel might also be 
involved in the regulation of the methionine-folate cy-
cle in humans. Tamura et al. (2004) indicated that long-
term, high-copper intake resulted in small but significant 
decreases in plasma concentrations of Hcy and folate. 
Heavy metals released in mining could be the explana-
tion of low folate levels in underground coal miners. 
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However, blood and tissue levels of each heavy metal 
which is present in the coal should be studied in coal 
miners to properly understand the possible effects of 
these heavy metals on Hcy, vitamin B12 and folate levels.

The second hypothesis concerns solar radiation. Solar 
radiation and human health has been one of the hottest 
topics within the fields of photochemistry and photo-
medicine for 20 years worldwide. The photodegradation 
of folic acid, a synthetic form of folate, has been thor-
oughly studied (Steindal et al., 2006; Steindal et al., 2008; 
Tam et al., 2009; Borradale et al., 2012). The relationship 
between UV radiation and folate degradation is compli-
cated by the fact that UVB (ultraviolet B, 280–315 nm) 
radiation, while being able to degrade the main biological 
form of folate found in blood, 5-methyltetrahydrofolate 
(5MTHF), is unable to penetrate to the dermal circula-
tion to impact its blood levels (Steindal et al., 2006; Tam 
et al., 2009). Conversely, the longer-wavelength UVA (ul-
traviolet A, 315–400 nm) radiation is able to penetrate to 
the dermal circulation but it is unable to directly degrade 
5MTHF (Steindal et al., 2008). Therefore, no definite 
conclusion about the possibility of folate photodegrada-
tion under artificial UV sources has been drawn. As a 
first step in the elucidation of this problem, investiga-
tions of the photophysics and photochemistry of folate 
in simple model systems would be of great value. The 
second step would be to investigate the possible effect 
of underground working under artificial UV sources on 
the folate level because coal miners, who cover their en-
tire skin with clothes, spend 8 hours underground under 
artificial UV sources.

The third hypothesis is focused on differences in fo-
late status relative to the body mass index. In the our 
study, although there was no statistically significant dif-
ference in BMI between two groups (p>0.05), BMI of 
underground workers was slightly higher than BMI of 
surface workers (27.9 ± 3.6 vs 25.6 ± 3.9). In recent stud-
ies, the concentration of folate has been suggested to 
be negatively correlated with BMI(Nakazato et al., 2011; 
Stern et al., 2012; Tinker et al., 2012). Nakazato et al. 
measured plasma and erythrocyte folate and plasma Hcy 
concentrations in 434 healthy adults (343 women and 
91 men; range 23–88 years), who participated in a 2007 
population-based survey in western Japan (Papapanag-
iotou et al., 2011). The overall mean plasma and eryth-
rocyte folate levels were 21.6 ( ± 11.0, S.D.) nmol/L and 
844 ( ± 291) nmol/L, respectively. The mean BMI was 
22.8 ( ± 3.0; 15.6–33.3) kg/m(2), and only 72 subjects 
(17%) had BMI > 26.0 kg/m(2). Mean plasma folate de-
creased as BMI increased (p-trend < 0.01), whereas mean 
erythrocyte folate was similar regardless of BMI (p-
trends = 0.49).Tinker et al. (2012) pointed out that BMI 
may affect the body distribution of folate, as also reflect-
ed by lower serum and higher erythrocyte folate levels.

On the other hand, our results may be misleading 
because we analysed solely the serum folate levels. For 
determining folate status, the following parameters are 
used: serum folate and erythrocyte folate. Serum folate 
provides a short-term assessment of folate status and is, 
thus, a determinant of recent folate intake, while eryth-
rocyte folate provides a longer-term assessment of folate 
status (past 2–3 months of intake) (Hughes et al., 2000). 
Traditionally, immunoassay methods have been used to 
test folate status, but this technique is unable to distin-
guish between different folate metabolites and to detect 
the presence of unmetabolized folic acid in the circula-
tion (Hughes et al., 2000; Kalmbach et al., 2011). Further-
more, the assay of erythrocyte folate has many technical 
pitfalls: both the interlaboratory variation and the coef-

ficient of variation have been high. Therefore, further 
studies which investigate and compare both serum folate 
and erythrocyte folate are needed for coal mining work-
ers.

The fourth hypothesis concerns the influence of al-
titude, pressure changes and diverse oxygen environ-
ments on the folate level. Our study population of coal 
miners works approximately 500 m below the sea level. 
This altitude difference could affect folate levels. Re-
sponses of humans to oxidative stressors were exam-
ined in participants undergoing a saturation dive in an 
environment with increased partial pressure of oxygen, a 
NASA Extreme Environment Mission Operations proj-
ect (Zwart et al., 2012). Participants completed a 13-d 
saturation dive in a habitat 19 m below the ocean sur-
face near Key Largo, FL. Fasting blood samples were 
collected before, twice during, and twice after the dive 
and analyzed for biochemical markers of iron status, 
oxidative damage, and vitamin status. Body iron stores 
and ferritin increased during the dive (p<0.001), with a 
concomitant decrease in erythrocyte folate (p<0.001) and 
superoxide dismutase activity (p<0.001). Folate status de-
creased quickly in this environment. Adits and inclined 
vertical shafts reach up to 800 meters deep below the 
sea surface at the Zonguldak coal basin. Further research 
is needed to understand the possible effects of altitude, 
pressure changes and diverse oxygen environments on 
the folate level.

The last hypothesis proposes that low folate levels 
may be due to heavy working conditions and increased 
nutrition requirements. Ultra endurance exercise impos-
es large energy demands on coal miners and causes a 
high turnover of vitamins through sweat loss, metabo-
lism, and the musculoskeletal repair process (Wani et 
al., 2008; Ueland et al., 1993; Yetley et al., 2011). Folate 
and vitamin B12 deficiency is often nutritional (Wani et 
al., 2008; Ueland et al., 1993; Rader et al., 2002). High 
endurance workers may not consume sufficient quanti-
ties or quality of food in their diet to meet these needs. 
Emphasis should also be placed on the dietary intake of 
certain micronutrients by the coal miners, as well as the 
potential need for supplementation of certain vitamins 
and minerals, including vitamins B2, B6, B12, D, E, and 
folate, and the minerals such as calcium and iron. The 
primary cause of folate deficiency is low intake of food 
rich in the vitamin, such as legumes and green leafy veg-
etables; consumption of these foods may explain why 
folate status can be adequate in relatively poor popula-
tions (Allen et al., 2008). In our study population, all the 
miners had normal level of vitamin B12. Therefore, low 
folate levels could not be adequately explained only as 
an effect of diet and vitamin B12 levels. The influence of 
extensive physical exercise and acute intense exercise on 
plasma concentrations of folate should be investigated in 
detail in coal miners and other heavy workers. On the 
other hand, a ”study of the effectiveness of additional 
reduction in cholesterol and homocysteine” (SEARCH) 
pointed out that folic acid and B-vitamins supplementa-
tion have no beneficial effects on the risk of diseases, 
although Hcy concentration lowered (Study of the Ef-
fectiveness of Additional Reductions in Cholesterol 
and Homocysteine (SEARCH) Collaborative Group, 
2010). Detailed and well designed studies have reached 
the same results (Ford et al., 2012; Holmes et al., 2011). 
These studies have shown the importance of under-
standing the underlying mechanisms of low folate levels 
in underground coal miners.

In our study, low folate, elevated Hcy and normal 
vitamin B12 levels were found in coal miners. It is dif-
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fucult to explain the underlying mechanisms because no 
research has been done before about this issue. Conse-
quently, further studies are necessary to more complete-
ly understand the risk of working in underground coal 
mines and delineate what characteristics of these em-
ployees put them at risk of work related morbidity and 
mortality.
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