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Abstract The present study was conducted to assess the association between serum ferritin

and 25-hydroxyvitamin D [25(0OH)D] and metabolic syndrome (MetS) in Korean women.
The data of a total of 9,256 adults (4,196 premenopausal women and 4,340
postmenopausal women) aged > 20 years from the Fifth Korean National Health and
Nutrition Examination Survey (KNHANES V) (2010-2012) were analyzed. The key study
results were as follows: First, in women without MetS, after adjusting for related
variables (age, smoking, alcohol consumption, regular exercise, SBP, DBP, WM, TC,
TGs, HDL-C, FPG, Hb, Hct, and Fe), vitamin D status was positively associated with
serum ferritin levels (premenopausal, p < 0.001; postmenopausal, p = 0.027). Second,
in women with MetS, after adjusting for related variables, vitamin D status was not
associated with serum ferritin levels (premenopausal, p = 0.739; postmenopausal, p =
0.278). In conclusions, vitamin D status was positively associated with serum ferritin
levels in women without MetS but not in women with MetS.
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1. Introduction
The serum ferritin level reflects iron stores
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in the body, since ferrous iron combined with
apoferritin is stored by ferritin in many
organisms [1]. Low serum ferritin levels are
associated with diseases such as telogen
effluvium, iron deficiency anemia, and bone
mineral density [2-4], while high serum
ferritin levels are associated with
cardiovascular disease, insulin resistance, and
metabolic syndrome (MetS) [5-7].

In the past, the main role of vitamin D was
understood to be controlling the calcium
levels and bone metabolism by its

involvement in calcium and phosphate
absorption in the intestines [8]. However,
recently, vitamin D has also received attention
regarding additional functions concerning its
effects on the prevention of diseases, such as
telogen effluvium, cardiovascular disease,
MetS, and anemia [9-12].

Among the research on the association
between vitamin D and ferritin in women,
some studies have reported that increases in
vitamin D increase ferritin levels [13-14].
However, these results may vary depending
on whether the subjects have diseases such
as  MetS

ferritin levels are associated with insulin

and diabetes mellitus, because

resistance diseases. Therefore, our objective in
this work was to assess the association
between vitamin D status and ferritin levels
in Korean women with and without MetS
using data from the fifth Korean National
Health and Nutrition Examination Survey
(KNHANES V; 2010 - 2012),

representative of the population of Korea.

which  is

2. Body

2.1 methods
2.1.1 Study subjects

This study was performed using data from
the fifth Korean National Health and Nutrition
(KNHANES V).

Participants provided written informed consent

Examination Survey
to participate in this survey, and we received
the data in anonymized form. In the
KNHANES V (2010 - 2012), 25,534 individuals
over age 1 were sampled for the survey.
Among them, of the 19,392 subjects who
participated in the KNHANES V, we limited
the analyses to adults aged > 20 years. We
excluded participants 2,138 subjects whose
data were missing for important analytic
variables, such as serum ferritin level,
25(0H)D level, various blood chemistry tests,
and information about lifestyle. We excluded
participants who had cancer (650 subjects) or
hepatitis virus B (259 subjects) or hepatitis
virus C (38 subjects) or 211 subjects that
participants are suspected hemochromatosis
(serum ferritin > 300 ng/mL). In addition, we

excluded participants were excluded 6,840

men. Finally, 9,256 subjects (4,916
premenopausal and 4,340 postmenopausal
women) were included in the statistical

analysis. All participants in the survey signed
an informed written consent form. Further
information can be found in “The KNHANES
V  Sample”, which is
KNHANES website.

available on the

2.1.2 General characteristics and Blood
chemistry

Research subjects were classified by sex
(men or women), smoking (non-smoker or
ex-smoker or current smoker), alcohol
drinking (yes or no), and regular exercise
(yes or no). In the smoking -category,
participants who smoked more than one
cigarette a day, those who had previously

smoked but do not presently smoke, and
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those who never smoked were classified into
the  current ex-smoker, and
Alcohol

indicated as yves”  for

smoker,
non-smoker groups, respectively.
drinking  was
participants who had consumed at least one
glass of alcohol every month over the last
yvear. Regular exercise was indicated as “yes”
for participants who had exercised on a
regular basis regardless of indoor or outdoor
exercise. (Regular exercises was defined as
30 min at a time and 5 times/wk in the case
of moderate exercise, such as swimming
slowly, doubles tennis, volleyball, badminton,
table tennis, and carrying light objects; and
for 20 min at a time and 3 times/wk in the
case of vigorous exercise, such as running,
climbing, cycling fast, swimming fast, football,
basketball, jump rope, squash, singles tennis,
and carrying heavy objects). Anthropometric
measurements included measurement of body
mass index (BMI) and waist measurement
(WM), as well as final measurements of
systolic blood pressure (SBP) and diastolic
(DBP). Blood
included measurements of total cholesterol
(TC), high density lipoprotein cholesterol
(HDL-C), triglycerides (TGs), fasting plasma
glucose (FPQ),
[25(OH)D], serum iron (Fe), total iron binding
capacity (TIBC), transferrin saturation (TFS),
hemoglobin (Hb), and hematocrit (Hct).

blood pressure chemistries

25-hydroxyvitamin D

2.1.3 Metabolic syndrome

Metabolic syndrome was defined using the
diagnostic criteria of the National Cholesterol
Education Program (NCEP) based on common
clinical measures including TGs, HDL-C,
blood pressure, FBG, and WM. TGs over 150
mg/dL. was set as the criteria for elevated
TGs. The criteria for reduced HDL-C were
HDL-C of less than 50 mg/dL. FBG over 100

https://doi.org/10.22961/JHCLS.2021.9.1.161

mg/dL. was set as the criteria for elevated
FBG. SBP over 130 mmHg or DBP over 85
mmHg or medication were set as the criteria
for elevated blood pressure. The criteria for
abdominal obesity were abdominal
measurements of over 80 cm, according to
the Asia—Pacific criteria [15]. The presence of
defined abnormalities in any three of these
five measures constitutes a diagnosis of
metabolic syndrome.

214  Serum ferritin

assessments

25(0H)D and

Blood samples were collected through an
antecubital vein after 10-12 h of fasting to
assess serum levels of biochemical markers.
Serum levels of 25(OH)D were measured with
a radioimmunoassay (25-hydroxy-vitamin D
"I RIA Kit; DiaSorin, Still Water, MN, USA)
using a 1470 Wizard Gamma Counter (Perkin
Elmer, Turku, Finland). To minimize the
analytical variation, serum 25(OH)D levels
were analyzed by the same institute, which
carried out a quality assurance program
through the analysis period. Serum 25(0OH)D
levels were classified as either vitamin D
deficiency [25(OH)D < 10.0 ng/dL], vitamin D
insufficiency [25(OH)D > 10.0, < 20.0 ng/dLl],
or vitamin D sufficiency [25(OH)D > 20.0
ng/dL] [16]. Concentrations of serum ferritin
were measured using an immunoturbidimetric
Assay (IRMA-mat Ferritin; DiaSorin, Still
Water, MN, USA) using a 1470 Wizard

Gamma Counter (Perkin Elmer, Turku,
Finland).
2.1.5 Data analysis

The collected data were statistically

analyzed using SPSS WIN (ver. 18.0). In the

case of analysis of covariance test

(ANCOVA), the 2 models constructed were:
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1) no adjustment; 2) adjusted for age,

smoking, alcohol drinking, regular exercise,
SBP, DBP, WC, BMI, TC, TGs, HDL-C,
FPG, Hb, Hct, and Fe. The significance level
for all of the statistical data was set as p <

0.05.

3. Result
3.1 Comparisons of serum ferritin levels
according to vitamin D  status in

premenopausal and postmenopausal women
with and without MetS

[table 1] Supplement Clinical characteristics of
postmenopausal women

26.03 - 30.17) for vitamin D deficiency, 30.60 *
0.42 ng/dL (95% CI, 29.77 - 31.43) for vitamin
D insufficiency, and 33.69 + 0.94 ng/dL (95%
CI, 31.85-3552) for vitamin D sufficiency.
This shows that serum ferritin levels were
significantly increased with the increasing of
0.001). In
MetS, in

terms of serum ferritin levels by vitamin D

vitamin D status (p <

postmenopausal women without
status after adjusting for related variables,
serum ferritin levels (M * SE) were 55.72 *
2.99 ng/dL (95% CI, 49.86 - 61.60) for vitamin
D deficiency, 63.99 + 097 ng/dL (95% CI,
62.08 - 65.90) for vitamin D insufficiency, and

subjects according to MetS in premenopausal and

n (%), Mean + SD

Variables Premenopausal women Postmenopausal women

(0 24568 (n 2048 rvalue W86 (n=rgas  evalue
Age (years) 36.95 + 10.04  44.97 + 1221 < 0.001 6218 + 934 6559 * 8.85 < 0.001
FPG (mg/dL) 89.08 + 11.62  109.47 + 31.52 < 0.001  94.28 + 16.35 110072 < 0.001
Ferritin (ua/L) 3133 +£2786  41.88 3924 <0001 6353 %4111 73.56 + 49.32 < 0.001
Fe (ug/dL) 100.94 + 48.03 9492 + 4139 0002 104.56 + 3457 9878 * 32.53 < 0.001
TIBC (ug/dL) 32876 + 50.82  345.66 + 49.91 < 0.001  309.21 * 40.52 316,132 < 0.001
TFS (%) 3180 + 1591 2823 +12.83 < 0001 3428 + 11.73  31.72 + 10.95 < 0.001
Hb (g/dL) 12.84 + 1.20 1316 + 126 < 0.001 1313 £1.01  13.35 £ 1.05 < 0.001
Het (%) 38.72 + 2.9 39.54 + 313 < 0.001 3943 £ 281 3994 + 294 < 0.001
25(0H)D (ng/dL) 1531 + 5.07 1552 + 532 0.369 1815 + 631 17.62 + 6.25 0.007

FPG: fasting plasma glucose, Fe: serum iron, TIBC: total iron binding capacity, TFS: transferrin saturation, Hb:

hemoglobin, Hct: hematocrit, 25(0OH)D: 25-hydroxyvitamin D

Comparisons of serum ferritin levels according
to vitamin D status are shown in [Table 1].
In premenopausal women without MetS, in
terms of serum ferritin levels by vitamin D
status after adjusting for related variables
(i.e., age, smoking, alcohol drinking, regular
exercise, SBP, DBP, WM, TC, TGs, HDL-C,
FPG, Hb, Hct, and Fe), serum ferritin levels
(M + SE) were 2810 = 1.06 ng/dL (95% CI,

64.11 = 1.32 ng/dL (95% CI, 61.52 - 66.71) for
vitamin D sufficiency, showing that serum

ferritin levels were significantly increased
with the increasing of vitamin D status (p =
0.027). However, in women with MetS, after
adjusting for related variables, serum ferritin
levels were not increased with the increasing
(premenopausal,

of vitamin D status p =

0.739; postmenopausal, p = 0.278).
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4. Discussion and Conclusion

The present study investigated the association
between serum ferritin and 25(OH)D levels in
Korean women with and without MetS using
data from the fifth KNHANES conducted in
2010 - 2012. Vitamin D status was positively
associated with serum ferritin levels in
women without MetS but not in women with
MetS.

Ferritin is decreased in patients with
anemia but increased in patients with insulin
resistance diseases, such as MetS [17-18]. In
subjects with MetS, despite the increase of
hepcidin, which is a negative regulator of
ferritin, ferritin levels were increased, and
both  hepcidin and

ferritin  levels were

increased with increases in MetS components
[19-20]. Vitamin D plays an important role in
the prevention of anemia, and it decreases
insulin resistance, inflammation, and oxidative
[21-22].  The

vitamin D and

relationship  between
differs

non-MetS and MetS subjects, because ferritin

stress
ferritin between
is a marker of iron stores but also an
important biomarker of insulin resistance,
inflammation, and oxidative stress [23-24]. In
the present study, in both premenopausal and
postmenopausal women with MetS, vitamin D
status was not associated with ferritin levels
(Supplemental table). In addition, vitamin D
status was not associated with any of the
anemia-related variables (e.g., Fe, TIBC, TFS,
Hb, Hct). In the advanced state of insulin
resistance, such as diabetes or MetS, whether
ferritin is a marker of insulin resistance and
inflammation or a marker of anemia is not
yet clear. In terms of anemia, this process

has a positive effect; in contrast, in terms of

https://doi.org/10.22961/JHCLS.2021.9.1.161

inflammation markers, insulin resistance, and

oxidative stress, this process may have
negative effects. As described above, both
vitamin D and ferritin are associated with
anemia, insulin resistance, inflammation, and
oxidative stress. The mechanism of
association of vitamin D and ferritin in
subjects with MetS is not clear. In terms of
anemia, vitamin D may increase ferritin

levels. In contrast, in terms of insulin
resistance, inflammation, and oxidative stress,
vitamin D may decrease ferritin levels. In
addition, both processes may occur at the
same time. In the present study, we could not
demonstrate the mechanisms behind these
processes, but we were able to determine that
vitamin D was not associated with ferritin in
Korean women with MetS.

The present study investigated the

association between serum ferritin  and
25(OH)D levels in Korean women with and
without MetS wusing data from the fifth
KNHANES conducted in 2010 - 2012. Vitamin
D status was found to increase with serum
ferritin levels in Korean women without MetS
but not in those with MetS.

This is the first

determine the relationship between ferritin and

reported study to

vitamin D in Korean adults with and with
MetS. Therefore, more accurate results might
be obtained by performing a cohort study by

adding these variables.
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