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Elevated serum ferritin (SFer) levels have been associated with chronic diseases such as coronary
heart disease and diabetes mellitus type 2. The aim of this study was to examine the relationship between SFer
levels and serum lipid parameters, and how this relation changes in terms of age and gender. Additionally, we
investigated a possible relationship between SFer levels and high-density lipoprotein (HDL) function. SFer
levels and lipid panel (total cholesterol (TC), triglyceride (TG), low-density lipoprotein-cholesterol (LDL-C)
and HDL-C) of 4205 people (3139 women, 1066 men) were examined retrospectively. Study population was
classified according to age and gender. Separately, 100 subjects (52 women, 48 men) were randomly recruited
to investigate the relation between SFer levels, and HDL dependent paraoxonase-1 (PONI1) and arylesterase
(ARE) activities. In all age groups, women’s SFer levels were found to be significantly lower and HDL-C levels
significantly higher compared to men. In the 50-70 ages range, TC and LDL-C levels of women were found to
be significantly higher than those of men (P < 0.01). SFer levels tended to increase with age in women. Cor-
relation analyses revealed a negative correlation between levels of SFer and HDL-C, while positive correla-
tions existed between levels of SFer, and TC, TG and LDL-C. There was no significant correlation between
SFer levels and PONI or ARE activities. The finding that increased SFer levels are accompanied by increased
serum TC, TG and LDL-C levels may help us to explain the increased risk of metabolic disorders and cardio-
vascular disease in postmenopausal women.

Key words: ferritin, lipid metabolism, paraoxonase, arylesterase, HDL, LDL.

ollowing the transition to aerobic respira-
F tion, transition metal elements, through evo-

lutionary processes, have enabled delivery of
oxygen to peripheral tissues of increasingly complex
organisms. Since iron reacts with oxygen spontane-
ously (without energy consumption), as well as ex-
change electrons easily, it functions as an O, carrier
in many organisms and is essential for these, inclu-
ding humans [1, 2]. Additionally, iron is a part of the
structures of many proteins, such as haemoglobin,
myoglobin and cytochromes, and functions as a co-
factor in various enzymes in numerous biochemical
reactions [3]. Nonetheless, excessive accumulation
of iron in the organism leads to cellular dysfunction
and death due to formation of free radicals and li-
pid peroxidation [4]. Therefore iron metabolism re-
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quires strict control. There is no direct physiological
mechanism in humans to excrete iron and its excess
is stored in ferritin. Ferritin is an intracellular pro-
tein of 450 kDa molecular weight, consisting of 24
subunits. Ferritin serves to store iron in a safe form
[5]-

There are many publications that have found
that elevated serum ferritin (SFer) levels are linked
with chronic diseases, such as coronary heart disea-
se and diabetes mellitus [6-10]. Sullivan et al. have
proposed for the first time that in postmenopausal
women, increased body iron stores may lead to an
increase in cardiovascular disease (CVD) incidence
[11]. High SFer levels were shown to be associated
with increased risk of myocardial infarction and
coronary artery disease related mortality [12]. Fur-
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thermore, links have been found between elevated
SFer levels and such disorders as insulin resistance,
hypertension and type-2 diabetes mellitus [13, 14].
However, other studies have found no relationship
between the level of SFer and risk of CVD [15-18].

High serum levels of total cholesterol (TC),
triglyceride (TG) and low-density lipoprotein cho-
lesterol (LDL-C), and low levels of high-density li-
poprotein cholesterol (HDL-C) are among the major
risk factors for CVD [19, 20]. There are animal and
human studies indicating a link between iron and
lipid metabolisms. For example, an iron-deficient
diet in rats exerted broad influence on gene expres-
sion patterns of the lipid metabolism compared with
a normal diet [21]. According to two studies that
examined the relationship between lipid parameters
and iron deficiency anemia in women, significant
variations were observed in lipid parameters before
administrating iron therapy, which were partly al-
leviated afterwards [22, 23].

Despite the cited research, the number of stud-
ies investigating the relation between the serum lipid
panel and SFer levels in large sample sizes is limited.
In particular, the categorical influence of age and
gender on this association remains unknown. Fur-
thermore, the relationship between serum lipid and
SFer levels has been probed within certain popula-
tions, while variations in genetic makeup and dietary
habits are known to affect the lipid panel and iron
stores [24]. An analysis directly comparing the SFer
and serum lipid levels in the Turkish population has
not yet been performed. Therefore, in our study we
aimed to investigate the relation between ferritin and
lipid parameters, and whether and how this relation
changes in terms of age and gender.

Another purpose of this research was to demon-
strate a possible relationship between SFer levels and
HDL dependent paraoxonase-1 (EC 3.1.8.1) (PON1)
and arylesterase (EC 3.1.1.2) (ARE) activities.

Materials and Methods

Study design. A total of 4205 subjects (3139
women, 1066 men, mean age: 43), who had visited
various clinics of Antalya Training and Research
Hospital between January 2013 and January 2015
were included in this study. The study group was se-
lected by examining the patient data registered in the
laboratory information system (LIS) of the hospital.
Accordingly, all inpatients (from the departments of
cardiology, cardiovascular surgery, general surgery,
neonatology, paediatrics, oncology, etc. and from

the cardiac intensive care and intensive care units)
were excluded from the study. Furthermore, children
under 20 and people over 70 years of age, pregnant
women, oncology patients, thalassemia patients, and
patients with chronic liver disease or chronic kidney
disease were excluded from the patients involved
in the study. The lipid panel (TC, TG, LDL-C and
HDL-C levels) and SFer levels of the study group
had been determined, which was analyzed retro-
spectively. Throughout the said interval, the labora-
tory equipment and methods of measurement have
remained unchanged.

An additional 100 subjects (52 women, 48 men,
mean age: 46), whose SFer and HDL-C parameters
had been measured in our laboratory, were randomly
selected for PON1 and ARE activity analysis.

The study was performed in accordance with
ethical standards established by the Declaration of
Helsinki and approved by the local ethics committee.

Lipid panel (TC, TG, LDL-C, and HDL-C)
analysis. Levels of TC and TG were measured with
Beckmann Coulter commercial reagents using an
AUS5800 AU analyzer (Beckman Coulter, Inc., CA,
USA). Triglycerides are hydrolyzed by lipases into
glycerol and fatty acids. Glycerol is phosphorylated
by glycerol kinase (EC 2.7.1.30) to produce glycer-
ol-3-phosphate. Glycerol-3-phosphate is then oxi-
dized by glycerol-3-phosphate oxidase (EC 1.1.3.21),
creating hydrogen peroxide (H,O,). The resulting
H,0, is then turned into a chromophore by peroxi-
dase, which is read at 660/800 nm. The increase in
absorbance is thus proportional to the triglyceride
content in the sample. In cholesterol analysis, free
cholesterol is formed from cholesterol esters by
cholesterol esterase (EC 3.1.1.13) reaction. In the
presence of both cholesterol oxidase (EC 1.1.3.6) and
peroxidase, the resulting free cholesterol leads to a
spectrophotometric absorbance change that is used
for determining the cholesterol concentration in the
sample.

HDL-C was analyzed with Beckmann Coulter
commercial reagents using an AU5800 AU Analyzer
(Beckman Coulter, Inc., CA, USA). Test principle is
essentially based on immunoinhibition and enzyma-
tic colour reaction. The anti-betalipoprotein antibody
binds to lipoproteins other than HDL (LDL, VLDL
and chylomicrons). The enzyme activities of these
antigen-antibody complexes are inhibited by the
addition of another reagent. HDL-C concentration
is determined with an enzyme chromogen system.
Intra-day and inter-day coefficients of variation of
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TC, TG and HDL-C were found to be less than 4%.
LDL-C concentration was calculated by the Friede-
wald formula [LDL-C = TC — HDL-C — (TG/5)] [25].

Measurement of SFer levels. SFer levels were
measured with the chemiluminescence method
using a UniCel® DxI800 Analyzer (Beckman Coul-
ter, Inc., CA, USA). The ferritin assay is a two-site
immunoenzymatic ("sandwich") assay. A sample
is added to a reaction vessel with goat anti-ferritin-
alkaline phosphatase conjugate, and paramagnetic
particles coated with goat anti-mouse: mouse anti-
ferritin complexes. Serum or plasma ferritin binds to
the immobilized monoclonal anti-ferritin in the solid
phase, while the goat anti-ferritin enzyme conjugate
reacts with different antigenic sites on the ferritin
molecules. This “sandwich” conformation serves
to maximise specificity. Separation in a magnetic
field and washing removes materials not bound to
the solid phase. This washing step eliminates any
potential cross-reactants in the sample, as well as
the excess anti-ferritin-enzyme conjugate, which
could otherwise increase the background signal and
reduce sensitivity. A chemiluminescent substrate,
Lumi-Phos® 530, is added to the reaction vessel and
light generated by the reaction is measured with a
luminometer. The photon production is proportional
to the amount of ferritin in the sample. Intra-day and
inter-day coefficients of variation of ferritin were
found to be less than 6%.

Measurement of PONI and ARE enzyme ac-
tivities in serum. PON1 and ARE enzyme activities
were measured using commercially available kits
(Rel Assay Diagnostics®, Gaziantep, Turkey). PON1
activity measurement method is fully automated and
involves an appropriate Tris buffer containing cal-
cium ions, which is a cofactor of the PON1 enzyme.
A linear increase in the absorbance of p-nitrophenol,
produced from paraoxon, is followed in a kinetic
measurement mode. The non-enzymatic hydrolysis
of paraoxon is subtracted from the total rate of hy-
drolysis. The molar absorptivity of p-nitrophenol is
18.290 M ":cm™" and one unit of paraoxonase activity
is equal to 1 mol of paraoxon hydrolyzed per liter per
minute at 37 °C [26]. Phenylacetate was used as a
substrate to measure ARE activity. PONI, present in
the sample, hydrolyses phenylacetate to its products,
phenol and acetic acid. The phenol produced is
colorimetrically measured via oxidative coupling
with 4-aminoantipyrine and potassium ferricya-
nide. Non-enzymatic hydrolysis of phenyl acetate
is then subtracted from the total rate of hydrolysis.
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The molar absorptivity of the coloured complex is
4,000 M"-cm™ and one unit of arylesterase activity
is equal to 1 mmol of phenylacetate hydrolyzed per
litre per minute at 37 °C [27].

Statistical analysis. SPSS (version 11.0 for
Windows®) statistical software was used for the
evaluation of the data. The distribution of the col-
lected data was examined by Kolmogorov-Smirnov
test. Comparison of data showing non-normal dis-
tribution was performed via Mann-Whitney U test.
Spearman correlation test was used for the correla-
tion analysis. P < 0.05 was considered as statistically
significant.

Results and Discussion

According to the demographic data, the avera-
ge age was 43.34 and women accounted for 70% of
the study group (Table 1, 4). Once the study group
was categorized by gender, the women were found to
be younger. There was no significant difference be-
tween men and women in terms of TC and LDL-C;
however TG levels were significantly higher in men.
As expected, compared to men, SFer levels were
significantly lower and HDL-C concentrations were
significantly higher in women (Table 1, B).

The subjects in the study population were di-
vided into “decade subgroups” between 20 and 70
(20-29, 30-39, etc.), and lipid panel and SFer levels
of these subgroups were analyzed for each gender.
In all decade subgroups women’s SFer levels were
significantly lower than men’s (Table 2). In the 20-29
age subgroup, women’s HDL-C concentrations were
significantly higher and TG levels were significantly
lower than men’s. Women in the 30-39 age subgroup
had lower TC, TG and LDL-C levels, and higher
HDL-C concentrations compared to men. In the 40-
49 age subgroup, women had higher HDL-C and
lower TG levels compared to men. In women older
than 50 years old, TC, LDL-C and HDL-C levels
were higher compared to men (Table 2).

The correlation analysis between SFer levels
and lipid parameters in the study group has revealed
positive correlations between SFer and TC, TG and
LDL-C levels, and a negative correlation between
SFer and HDL-C. Once women and men were sepa-
rately evaluated, women had positive correlations
between SFer and TC, TG and LDL-C levels, and
a negative correlation between SFer and HDL-C. In
men, there was a negative correlation between SFer
and HDL-C levels, and a positive correlation be-
tween SFer and TG (Table 3).
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Table 1. A- Demographic and serum parameters
of the study population

Age, mean + SD 43.34 +13.50
Women, 7 (%) 3139 (69.9%)
Men, n (%) 1566 (30.1%)
SFer, mean + SD, ng/ml 54.8 +163.3
TC, mean + SD, mg/dl 194.9 +47.2
TG, mean + SD, mg/dl 134.1+95.2
LDL-C, mean + SD, mg/dl 119.3+39.4
HDL-C, mean + SD, mg/dl 503+ 14.4

Table 1. B - Distribution of parameters between
genders

Parameters Women Men P
(n=3539) | (n=10606)

Age 39 (39-40) | 50 (49-51) | <0.01*
SFer, median 18 57
(95% CI), ng/ml (17-19) (53-62) | <0.01*
TC, median 191 191
(95% CI), mg/dl | (189-193) | (187-194) | 0.07
TG, median 104 132
(95% CI), mg/dl | (101-106) | (126-136) | <0.01*
LDL-C,
median(95% 115 116
CI), mg/dl (114-117) | (113-119) | 0.86
HDL-C, median 51 42
(95% CI), mg/dl (51-52) (41-43) | <0.01*

SFer, serum ferritin; TC, total cholesterol; TG, total
triglyceride; LDL-C, low-density lipoprotein-choleste-
rol; HDL-C, high-density lipoprotein-cholesterol; SD,
standard deviation; CI, confidence interval. Reference
ranges: SFer for female 10-300, for male 15-350; TC <200;
TG < 150; LDL-C < 100; HDL-C for female > 50, for
male > 40. *Statistically significant difference (P < 0.05)

We divided the study group according to cut-off
levels for the dyslipidemia classification recommen-
ded by the National Cholesterol Education Program
and the Adult Treatment Panel I1I [28]. Accordingly,
subjects with high TC, TG and LDL-C levels had
higher SFer levels than those with normal lipid pa-
rameters. Conversely, both women and men with low
HDL-C levels had higher SFer levels (Table 4).

Being an important indicator of HDL func-
tion, PON1 and ARE enzyme activities and their
relation with SFer levels were also assessed in our

study. For this purpose, we applied PON1 and ARE
analyses to 100 randomly selected subjects’ sera that
already had SFer and HDL-C tests in our laboratory.
Interestingly, despite there was a negative correla-
tion between SFer and HDL-C levels (r = —0.446,
P < 0.01) in these patients, in agreement with the
correlation in the main study group, there was no
correlation between SFer and PON1 or ARE activity
levels. Likewise, there was no statistically significant
relationship between the gender of these subjects and
PONI1 or ARE activities (Table 5).

The results of our study in which we investi-
gated the relation between ferritin and lipid levels
can be summarized as follows:

I. In all age groups, SFer was significantly
lower in women compared to men (Table 1).

I1. In all age groups, despite the variation in
other lipid parameters, HDL-C levels were signifi-
cantly higher in women than those in men (Table 1).

I11. In women older than 50, TC and LDL-C
levels were significantly higher compared to men
(Table 2).

I'V. When correlation analyses between SFer
and lipid parameters in the study group were per-
formed, we found a strong correlation between SFer
and HDL-C levels (r = —0.247, P < 0.01). When the
study group was divided by gender, this correlation
was stronger in men (Table 3).

V. Recommended lipid parameters [28] were
associated with lower SFer levels (Table 4).

V1. No correlation was detected between SFer
levels and PON1 or ARE activities, which are im-
portant indicators of HDL function.

The first observation that showed an association
between serum ferritin levels and CVD is a large-
scale study (1931 Finnish men) conducted in 1992
[12]. Salonen et al. have found that the risk of acute
myocardial infarction was 2.2 times higher in men
whose SFer levels were higher than 200 ng/ml. In the
same study, high SFer levels were accompanied by
high LDL-C levels. A subsequent study conducted in
Finland has confirmed these findings [29]. In another
study involving 11,471 women, postmenopausal
women with higher SFer levels were associated with
increased risk of ischemic stroke [30]. Wolff et al.
have found increased SFer levels were linked to ca-
rotid artery atherosclerosis in both men and women
[31]. Similarly, in a study population of 12,033 young
Korean men, Sung et al. have suggested that there
was an independent association between SFer levels
and coronary artery calcium content, and also that
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Table 2. The distribution of the lipid panel and SFer levels with respect to age and gender

20-29 age
Parameters Women (n = 659) Men (n = 125) P
SFer, median (95% CI), ng/ml 14 (13-15) 53 (46-66) <0.01*
TC, median (95% CI), mg/dl 166 (163-170) 159 (150-166) 0.07
TG, median (95% CI), mg/dl 80 (78-84) 101 (86-114) <0.01*
LDL-C, median (95% CI), mg/dl 95 (94-98) 95 (88-101) 0.87
HDL-C, median (95% CI), mg/dl 51 (50-52) 41 (39-44) <0.01*
30-39 age
Parameters Women (n = 935) Men (n = 173) P
SFer, median (95% CI), ng/ml 12 (11-14) 62 (56-76) <0.01*
TC, median (95% CI), mg/dl 184 (181-187) 193 (184-199) 0.02*
TG, median (95% CI), mg/dl 92 (87-97) 126 (114-143) <0.01*
LDL-C, median (95% CI), mg/dl 109 (107-112) 120 (113-127) <0.01*
HDL-C, median (95% CI), mg/dl 52 (51-54) 41 (40-42) <0.01*
40-49 age
Parameters Women (n = 587) Men (n = 226) P
SFer, median (95% CI), ng/ml 16 (14-17) 71 (60-80) <0.01*
TC, median (95% CI), mg/dl 201 (198-206) 198 (191-206) 0.68
TG, median (95% CI), mg/dl 114 (108-120) 142 (132-157) <0.01*
LDL-C, median (95% CI), mg/dl 127 (121-130) 123 (115-129) 0.44
HDL-C, median (95% CI), mg/dl 50 (49-51) 42 (40-43) <0.01*
50-59 age
Parameters Women (n = 577) Men (n = 291) P
SFer, median (95% CI), ng/ml 30 (27-32) 53 (45-61) <0.01*
TC, median (95% CI), mg/dL 214 (210-220) 195 (191-203) <0.01*
TG, median (95% CI), mg/dl 131 (123-135) 140 (134-148) 0.06
LDL-C, median (95% CI), mg/dl 134 (129-138) 120 (114-125) <0.01*
HDL-C, median (95% CI), mg/dl 50 (49-51) 43 (41-44) <0.01*
60-70 age
Parameters Women (n = 381) Men (n = 251) P
SFer, median (95% CI), ng/ml 38 (34-41) 52 (45-60) <0.01*
TC, median (95% CI), mg/dl 214 (210-219) 189 (182-196) <0.01*
TG, median (95% CI), mg/dl 131 (125-138) 128 (114-136) 0.49
LDL-C, median (95% CI), mg/dl 132 (127-136) 115 (107-119) <0.01*
HDL-C, median (95% CI), mg/dl 53 (52-55) 42 (41-44) <0.01*

*Statistically significant difference (P < 0.05)

SFer levels could be a marker indicating early coro-
nary artery stenosis [32].

There is research suggesting that high SFer
levels are also linked to metabolic syndrome and
diabetes. Jehn et al. have found that in 6,044 Ameri-
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can adults, there was an association between SFer
levels and prevalence of metabolic syndrome in both
men and women [33]. Similar findings have been
reported in a study of 8,441 people from different
provinces of China [34]. Additionally, a disorder
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Table 3. Correlation analysis of the serum parameters in the studied groups: combined and between gen-

ders

Parameters ‘ Combined group

Women (2=3539) | Men (n = 1066)

Ferritin & TC
Ferritin & TG
Ferritin & LDL-C
Ferritin & HDL-C

r=10.080, P <0.01
r=0.234, P <0.01
r =0.103, P <0.01
r=-0.247, P <0.01

r=0.120, P <0.01

r=0.177, P <0.01

r=10.129, P <0.01
r=-0.090, P <0.01

r=-0.020, P =0.50
r=10.080, P =0.01

r=-0.010, P=0.76
r=-0.177, P <0.01

Table 4. Comparison of SFer levels between
subjects with normal lipid parameters and those
with dyslipidemia, as classified by the National Cho-
lesterol Education Program and Adult Treatment
Panel 111 [28], P < 0.01

Ferritin, median

Cut-off levels (95% CI), ng/ml

TC <200 20 (18-21)
TC =200 25 (23-26)
TG <150 19 (18-20)
TG =150 31 (28-34)
LDL-C <100 20 (18-21)
LDL-C =100 23 (21-23)
HDL-C <50, women 18 (17-20)
HDL-C >50, women 15 (14-16)
HDL-C <40, men 73 (62-82)
HDL-C >40, men 54 (48-60)

most common in middle-aged men, named Dysme-
tabolic Iron Overload Syndrome (DIOS), is charac-
terized by the clinical conditions of moderate rise
in ferritin levels, normal transferrin saturation, non-
alcoholic fatty liver disease (moderately elevated
gamma-glutamyl transpeptidase), and increased iron
load in hepatocytes and macrophages, together with
insulin resistance or metabolic syndrome. It has been
suggested that DIOS could be seen in approximately
one third of patients with non-alcoholic fatty liver
disease and metabolic syndrome, and that this con-
dition may predispose to CVD and type-2 diabetes
mellitus [24, 35, 36].

The molecular mechanism behind the link be-
tween increased iron overload and metabolic syn-
drome, cardiovascular diseases and other diseases is
not fully understood. Among proposed pathophysio-
logical mechanisms, the most possible one is the re-
lationship between iron and oxidative stress. Iron is

a strong pro-oxidant transition element. Due to this
feature, it can cause cellular damage in different tis-
sues by generating reactive oxygen species [24, 37].
Another possible mechanism could be based on Hevi
et al.’s research [38]. This experimental study has
shown that in hepatocytes, ferritin inhibits apoli-
poprotein B (apoB) secretion in a post-translational
manner without affecting the secretion of apolipo-
protein A-I, albumin or factor-XIII. Interestingly, the
researchers have demonstrated that in these cells,
triglyceride synthesis is not reduced and cellular tri-
glyceride levels are in fact increased. As a result, our
theory on the basis of this work is that by inhibiting
apoB secretion and increasing triglyceride synthesis,
ferritin increases intracellular lipid levels and leads
to damage in hepatocytes, thus generating a similar
pathology seen in DIOS.

Perhaps the most important finding of our study
is that SFer levels in women, although remaining
lower than those in men, increased with advancing
age unlike in men (Table 2; Figure). It should be
noted that levels of TC, TG and LDL-C also tended
to increase with age, and peaked at the 50-59 ages
subgroup (Table 2). Many studies have reported a
higher risk of CVD especially in postmenopausal
women [39]. This phenomenon has been attributed to
the cessation of the menstrual cycle and the decline
of related hormones. However, CVD risk is not di-
minished in women receiving hormone replacement
therapy [39]. Increase in iron load in postmenopausal
women has been shown both in our study and others.
High iron stores may be primarily responsible for the
elevated CVD risk in women and ferritin could be an
important marker for monitoring CVD risk.

A study conducted in patients with hereditary
hemochromatosis has shown that phlebotomy re-
duced TG levels without altering serum glucose or
cholesterol levels [40]. Similarly, another study has
found that phlebotomy reduced serum glucose and
glycated hemoglobin levels, LDL/HDL ratio, and
systolic blood pressure in patients with metabolic
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Table 5. Correlation analysis between SFer levels and activity levels of paraoxonase-1 (PONI) and
arylesterase (ARE) in the studied groups: combined and between genders. PONI and ARE activities were

used for assessing HDL function

Parameters ‘ Combined group (n = 100) ‘ Women (n = 52) ‘ Men (n = 48)
Ferritin & HDL-C r=-0.446, P <0.01 r=-0.368, P =0.03 r=-0.590, P =0.02
Ferritin & PON1 r=-0.193, P=0.14 r=-0219, P=10.23 r=-0.128, P=0.43
Ferritin & ARE r=-0.090, P =0.48 r=-0.123, P=0.50 r=0.060, P=0.76

syndrome [41]. Therefore, by keeping SFer levels
low, phlebotomy can be a simple and effective pro-
phylactic measure for both postmenopausal women
and individuals that bear risk factors for metabolic
syndrome and CVD. If such positive effects of phle-
botomy can be proved by other studies in the future,
phlebotomy not only will be used as a preventive
tool for common chronic disorders such as metabolic
syndrome, but also will help maintain blood supplies
required for transfusion.

In all age subgroups of women, HDL-C levels
were significantly higher compared to men in our
study. On the other hand, it has been recently ac-
knowledged that HDL functionality is more critical
than its concentration [19, 42, 43]. PON1 and ARE,
which are important indicators of HDL function,
are multi-functional enzymes that have antioxidant,
antiatherogenic, lactonase and homocysteine-thio-
lactonase activities [44, 45]. In our smaller group
of 100 individuals, although there was a negative
correlation between HDL-C and SFer levels, there
was no correlation between SFer levels and PON1 or
ARE activities. Moreover, there was no difference in
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PONI1 and ARE activities between genders. There-
fore, although HDL levels in women were high in all
age groups compared to men, no difference in HDL
function was noted in the study.

The main limitation in our study was due to
the fact that ferritin is a positive acute phase reac-
tant. Unfortunately, we were unable to determine
the presence of acute or chronic inflammation in our
study group in order to exclude such individuals.
Similarly, even though patients that suffer acutely
from CVD (inpatients) were left out of the study
group, follow-up patients with chronic CVD could
not be excluded. Also, we could not factor socio-eco-
nomic status and dietary habits, which can influence
serum ferritin levels and iron stores, into our catego-
rization of the study population.

In summary, we have examined the relation-
ship between SFer levels and serum lipid parame-
ters in each gender with respect to age in this study.
In women in particular, increasing serum ferritin
levels with advancing age, which is accompanied by
higher serum TC, TG and LDL levels, may make
postmenopausal women more prone to develop CVD
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and metabolic diseases. Salonen et al.'s study has es-
tablished a cut-off value of ferritin for men (a SFer
level above 200 ng/ml increases risk of CVD by 2.2
fold in men), but a corresponding ferritin reference
for women is lacking [12]. The need for such a study
is evident, as SFer levels in men and women exhibit
physiological variance. Thus, SFer levels could be
monitored in postmenopausal women and, if neces-
sary, the beneficial effects of phlebotomy could be
utilized in order to prevent chronic diseases such as
CVD and metabolic syndrome. Certainly, further
large-scale studies are needed to support our hy-
potheses.
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[TigBuiieHuit piBeHb CHPOBATKOBOTO (pepUTH-
Hy (CDep) MoB’sI3yI0Th 13 XpPOHIYHUMU CEPIIEBO-CY-
JUHHAMM 3aXBOPIOBAHHIMU Ta ia0eTOM 2-T'0 THITY.
MerToro nociiiKeH s OyJI0 BUBYCHHS B3A€MO3B S3KY
Mix piBHsiMu CDep i nimigaMu cHpOBaTKH KPOBi
Ha T BiKy 1 cTaTi Jrojei. JlocmiKyBaain MOKIU-
BUl B3aeM03B’s130Kk Mixk CDep 1 minonporeiHaMu
Bucokoi miipHOCTI (JIBIL). PiBens C®Dep 1 stimiHoi
naHeJi: 3arajnbHui xonectepos (3X), TpUrIinepoIu
(TT'), ninmonpoTeiH-X0IecTepos HU3BKOI MIIJIEHOCTI
(JIHII-X) i JinonmpoTeiH-X0JIecTeposl  BHCOKOL
mrisibHOCTI (JIBIL-X) peTpocnekTHBHO TOCTiKEHO
y 4205 oci6 (3139 xiHok i 1066 YONOBIKIB).
JocaimpkyBani rpynu OyJio po3JijeHO BiJIIOBIIHO
J0 BiKy 1 crarti. Y 52 skiHOK 1 48 4OJIOBIKIB

JIOCITIJXKYBaJId B3a€MO3B’130k Mixk piBHeM CDep
i axtuBHicTio JIBII[-3anexH0i mnapaokcoHa3u-1
(ITOHL1) i apinectepasu (APE). Y Bcix BiKOBUX I'py-
nax piBeHb Cdep y KiHOK OyB 3HAYHO HMKYE, a
piBens JIBILI-X 3Ha4HO BHIIE, HIXK Y 40J0BiKiB. [1o-
Ka3zaHo, o y Biui 50—70 pokis pisai 3X i JIHII-X
y XKIHOK Oynu BHII, HiX y 4onoBikiB (P < 0,01).
Pieenr Cdep MaB TEHJCHLIIO 0 MiJBHINECHHS B
JITHIX K1HOK. BCTaHOBJICHO HEraTUBHY KOPEJISIII0
mix piBHsiMu C®ep i JIBUI-X, y Toil wac sik Mix
piBasimu C®ep i 3X, TT" i JIHII-X icnyBana mo-
3uTHBHA Kopeisiis. He crocrepiraiocst icToTHOT
Kopessiiii Mixk piBHsamu aktuBHocTi [IOH1 1 APE.
Takum unHOM, (akt nigsuiieHHs piBas CDep on-
HOovacHO i3 miaBumenHsm piBHiB 3X, TI i JIHII-X
MOXE€ JOMOMOTTH TOSICHUTH 301JIBIICHHSI PU3UKY
OOMIHHUX TOPYILIEHb 1 CEPLEBO-CyIUHHUX 3aXBO-
pIOBaHb Y JKiHOK y MEHOMay3i.

KnmodoBi cumoBa: (QepuTuH, IiMiTHANR
0o0MiH, mapaokcoHasa, JIBILI, JIHIII.

B3AMMOCBS3b MEXAY YPOBHEM
CbIBOPOTOUYHbBIX ®EPPUTHUHA,
JUMA 0B U JIUMONPOTENHOB
BBICOKOM IMJIOTHOCTHU C YYETOM
BO3PACTA M MOJIA JIIOAEN
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[NoBbIIEHHBI YPOBEHB CHIBOPOTOUHOTO (ep-
putuHa (CDep) CBA3BIBAIOT C XPOHMUECKUMH Cep-
JICYHO-COCYIUCTBIMU 3a00JICBAaHUSIMHU M JTHA0ETOM
2-ro tuma. llenpio uccnenoBaHus OBLIO U3yUCHHE
B3aUMOCBSI3U MeX1y ypoBHAMH CDep U ITUMHI0B
CBIBOPOTKHM KPOBH C YU4E€TOM BO3pacTa M IoJia JIfo-
Jeit. MccnenoBanu Takke BO3MOXKHYIO B3aUMOCBSI3b
Mexy ypoBHeM C®dep u QyHKIHMEW JHIIONpPOTE-
WHOB BbIcOkoU mioTHOCTH (JIBIT). Ypoens Cdep
U JTUOUIHOW TaHenu: obmuit xomectepon (OX),
tpurnuueponsl  (TI), numompoTemH-xonecTepos
Hus3koi miotHoctn (JIHII-X) wm numomporens-
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xoJecTtepod Beicokoi miotHoctu (JIBII-X) petpo-
CIEKTUBHO OBLIM HccienoBaHbl y 4205 uenoBek
(3139 xenmun u 1066 myxuuH). HMccnenyemble
TPYIIIBI pa3ieauiu B COOTBETCTBUU C BO3PACTOM U
mnosioM. Y 52 skeHIIuH U 48 MY>KUMH HCCIICIOBATHI
B3aUMOCBS3b MeXJy ypoBHeM C®Pep U aKTHBHO-
cteio JIBII-3aBucumoit napaokconassi-1 (IIOH1) u
apmmctepasbl (APJ). Bo Bcex BO3pacTHBIX Ipym-
nax ypoBeHb CDep y >KEHIIUH ObLT 3HAYUTEIBHO
HUKe, a ypoBeHb JIBII-X 3HauuTENbHO BBILIE, YEM
y myxuuH. Ilokazano, uto B Bo3pacte 50—70 net
ypoBau OX u JIHII-X y skeHIIWH ObUIH BBIIIE, YeM
y myxuuH (P < 0,01). Ypoens CDep y HOKHUIBIX
JKEHIIIUH MMeJ TEHJEHIMIO K MOBBIIIEHNI0. YcTa-
HOBJIEHA HETraTHMBHAsI KOPPEALMS MEXIY yPOBHS-
mu CDep u JIBII-X, B TO BpeMst kak MEXIy YpPOB-
Hsimu CDep u OX, TI" u JIHII-X koppensiuus ObLia
no3utuBHOW. He Habmromanoch CyniecTBEHHON
KOppeisiuy MeXy ypoBHAMH akTuBHOcTH [TOH1
n APD. Takum o0Opa3oM, (akT MOBBHIILICHHUS YPOB-
us1 CDep onnoBpemeHHO ¢ mobimieHueM OX, TI
u JIHII-X MoeT 1moMoub OOBSICHUTH yBEIHUYCHUE
pHcKa OOMEHHBIX HAPYLIEHUH U CepAeYHO-COCY 11~
CTBIX 3200JIEBaHUH y KESHIIMH B MEHOIIAY3€.

KnmoueBbie cnoBa: (GpeppuTHH, JTHAITHI-
HBIH 0OMeH, mapaokconasa, JIBII, JIHII.
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