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Background: Excess iron accumulation in human tissue is associated with the diet, lack of
exercise, or genetic factors. Iron accumulation increases the risk of acute myocardial infarc-
tion, diabetes, and cancer. On the other hand, exercise reduces the risk of several morbidities
and influences iron metabolism. Here, we evaluated changes in iron metabolism induced by
exercise in elderly women bearing the H63A HFE mutation.

Purpose: To identify a factor that modulates the effect of exercise on iron metabolism. We
investigated whether regular exercise induces similar changes in iron metabolism, mainly
manifested by lowered body iron stores, in individuals bearing the wild-type (WT) and
mutated HFE gene.

Subjects and Methods: Seventy-six women (average age 69.2+5.6 years old) were
enrolled in the study. Thirty-nine women participated in 12 weeks of Nordic walking
(NW) training; the remaining participants were assigned to the control group. Based on the
H63A HFE mutation status, the NW group was divided into women bearing the mutation
(HET, n=12) and women with the WT gene (WT, n=27).

Results: The training resulted in a statistically significant reduction in the serum iron
(p=0.03) and ferritin levels (p=0.001); hepcidin levels remained unchanged. No differences
in these parameters were noted between the HET and WT groups.

Conclusion: These observations suggest that a reduction in body iron stores might con-
stitute an important aspect of the health-promoting effect of exercise, regardless of the
genetic background.

Keywords: physical activity, ferritin, inflammation, glucose

Introduction

Regular exercise induces several adaptive changes in the body, including improve-
ments in the skeletal muscle energy metabolism and an increase in VO, max.'~ In
addition, exercise reduces low-grade systemic inflammation and brings about many
other positive changes, leading to a healthier and longer life.?

One of the major changes induced by exercise is related to iron metabolism.
According to several reports, exercise up-regulates hepcidin biosynthesis and
increases hepcidin blood levels in athletes.* Hepcidin inhibits intestinal iron absorp-
tion and reduces its liberation from body stores, eg, the liver and macrophages.’
However, the biological significance of increased blood hepcidin levels after exercise
is not fully understood. Strenuous exercise can increase the levels of proinflammatory
cytokines in the blood and these can up-regulate hepcidin biosynthesis.®” Increased
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blood hepcidin levels lead to a decrease in serum iron
levels, as hepcidin blocks iron release from cells, such as
enterocytes, hepatocytes, and macrophages, to the blood.*
Hence, reduction of blood iron levels can help to limit the
inflammation induced by exercise.” In addition, interleukin
6 (IL-6) up-regulates hepcidin and anti-inflammatory cyto-
kine levels, eg, IL-10 and IL-1 receptor antagonist (IL-
1RA) levels.®!°

By contrast, data on the effects of regular exercise on
iron metabolism in the elderly are scarce. Some available
data indicate that regular exercise reduces body iron
stores, as evaluated on the basis of changes in blood
ferritin levels."' High blood ferritin levels and body iron
stores are positively correlated with a risk of morbidities,
such as cancer, heart disease, and diabetes.'? For example,
high serum ferritin has been associated with elevated glu-
cose levels and insulin resistance.'® In addition, studies in
cell culture models demonstrate that high ferritin H levels
inhibit insulin signaling. Of note, aging is associated with
insulin resistance and iron accumulation. Hence, under-
standing the effect of exercise on iron metabolism is
crucial for recognizing its heath-promoting effects.

The human hemochromatosis protein (HFE) transmits
signals from transferrin receptor 2 to the nucleus to reg-
ulate the synthesis of hepcidin. H63D HFE and C282Y
HFE are the most common HFE mutations. In northern
Europe, the H63D HFE mutation occurs in 10-29% of the
population, most of whom are heterozygotes.'* Subjects
heterozygous for H63D HFE generally exhibit elevated
serum iron indices, but the risk of developing iron over-
load is low.">'® In general, defective hepcidin synthesis in
the liver is postulated to be the central reason for excess
iron accumulation.'”

Based on the above, we asked whether regular exercise
would induce similar changes in iron metabolism, mainly
manifested as reduced body iron stores, in individuals
bearing the wild-type (WT) and mutated HFE gene. We
hypothesized that the decrease in serum ferritin levels in
subjects bearing HFE mutations in response to training
would be smaller than that in subjects with WT HFE.

Subjects and Methods

Ethics Statement

The study was designed as a randomized control trial.
Participants who completed the baseline visit were ran-
domly assigned (1:1) to two groups: the non-training (con-
trol) group or the training (Nordic walking, NW) group.

Laboratory analyses were conducted at the Medical
University of Gdansk (Gdansk, Poland). Physical assess-
ments and training were conducted at the Gdansk
University of Physical Education (Gdansk, Poland). The
study was officially approved by the Bioethical Committee
of the Regional Medical Society in Gdansk; performed in
agreement with the Declaration of Helsinki (KB-34/18);
and registered as a Clinical Trial NCT03417700. The
experiment was verbally described to the subjects before
the onset of training and testing. Written informed consent
was obtained from all participants prior to the study.

Subjects

After announcements in the local media, press, and in public
places in the tri-city area of Gdansk, Gdynia, and Sopot
(Poland), 109 elderly women applied to participate in the
study (Figure 1). Qualifying tests for the study included
standard medical examination of the post-menopausal status.
Women with uncontrolled hypertension (diastolic blood
pressure over 100 mmHg), a history of cardiac arrhythmia,
cardiorespiratory disorders, and orthopedic problems were
excluded from the study. Nineteen women did not meet the
inclusion criteria. Individuals who passed the initial screen-
ing were assigned a number corresponding to the project
application number. The participants were then randomly
divided into two groups: NW group (n=45) or the control
group (n=45). The individuals in the control group were
advised to observe their typical diet and physical activity.
These individuals declared that they do not exercise regu-
larly. The randomization for experimental group assignment
was performed wusing an online randomization tool
(GraphPad QuickCalcs software, https://www.graphpad.

com/quickcalcs/randomizel/), using the base of the applica-

tion number. This allowed for the same number of partici-
pants to be assigned to the two groups.” During the 12 weeks
of the study, 14 women were lost to follow-up. The final
participant set included 76 women with an average age of
69.245.6-years-old.

Experimental Design

Thirty-nine women took part in the training program, 12 of
which were heterozygous for H63D HFE. All participants
completed at least 80% training units (minimum 29). The
12-week NW training program was conducted based on

the authors’
19,20

previous training experience with the

elderly, with slight modifications. Specifically, com-
pared with previous studies, the educational aspect of the

training was expanded.
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Figure | Flow diagram of the study.'®

The participants met three times a week, 1 h after
having a light breakfast, and performed the main session
of NW training (10-min warm-up, 45-55-min NW, and
10-min cool-down) at 60—70% intensity of their maximum
heart rate. Once a week, each participant received a sport-
tester device used for current cardiovascular control
(Polar Team2 equipment). The 12 weeks of exercise (36
training units) were divided into three microcycles.
During the first microcycle (6 training units), the basic
functional efficiency increased, especially chest mobility,
and flexibility of the arms and shoulders. Proper walking
technique with poles was demonstrated and practiced
during that period. The second microcycle (24 training
units) was an essential component of the program. Its aim
was to improve endurance. It was implemented by
a gradual increase in volume (expressed in km walked),
which was inherent to increasing the training intensity. In
addition, strength and postural muscle-strengthening exer-
cises were performed. The closing microcycle (6 training
units) was an attempt to raise the endurance level by
intensifying the activity and walking at the fastest possible
pace. Further strength exercises, mainly of the back mus-
cles, were performed.

The control group (37 women) was tested twice: at the
beginning of the experiment and after 12 weeks of train-
ing. Women from this group did not to participate in health
training.

Analyzed (n=37)

Excluded from analysis (n=0)

The participants were briefed 2 weeks before the
experiment, to introduce the experimental procedure and
draw attention to their dietary habits, focusing on the
source of iron in daily diet. It was recommended that the
participants do not change their diet during the experi-
ment. A survey was performed to verify that there were
no vegetarians or vegans among the participants, which
would have excluded them from the study.

Anthropometric Measurements

Body mass and body composition were determined using
a multi-frequency impedance plethysmograph body com-
position analyzer (In Body 720, Biospace, Korea). Body
mass was determined after an overnight fasting, 12 h after
any meal and drink. Impedance of segments of the body
parts (the trunk, arms, and legs) was measured at six
different frequencies (1, 5, 50, 250, 500, and 1000 kHz)
using eight-polar tactile-electrode. '

Physical Fitness Measurements

Senior Fitness Test developed by Rikli and Jones,?' which
is dedicated to examining the elderly, was used to deter-
mine the functional fitness of participants. The test was
conducted twice: after the recruitment and after 12 weeks
of training. It consists of six items: (1) 30-s chair stand; (2)
arm curl; (3) chair sit-and-reach; (4) back scratch; (5)
8-foot up-and-go; and (6) 2-min step. The tests were
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performed in this order, with 1-min rest between them.
Before each test, the evaluator demonstrated the exercise
and the participant had an attempt at familiarization,
except for the 2-min step test, which the subjects per-
formed only once.

Blood Analysis
At baseline and 1 d immediately after the 12-week training
program, blood samples (5 mL) were obtained from the parti-
cipants, between 07:00 and 08:00 h, following an overnight
fast. The serum was obtained by sample centrifugation at
10,009xg for 15 min and stored at —80 °C pending analysis.
Red Blood Cells values were corrected by hematocrit values.
Hepcidin levels were determined by enzyme immu-
noassays using commercial kits (R&D Systems; catalogue
nos. DCRP00, Cloud-Clone SEB979Hu, and SEB995Hu).
The average intra-assay CV was <10% for all assessments.
Glucose levels were determined by using Cobos 6000
analyzer. Serum ferritin levels were determined by using
SYSMEX XE 2100, Architect ci 8200, and Test 1 SDL.
Genetic testing for the presence of H63D, S65C, and
C282Y HFE was performed using real-time polymerase
chain reaction.

Statistical Analysis

Statistical analysis was performed using Statistica 13.1 soft-
ware. All values are expressed as the mean+standard devia-
tion (SD). Shapiro-Wilk test was used to assess the
homogeneity of dispersion from normal distribution.
Brown—Forsythe test was used to evaluate the homogeneity
of variance. First, baseline differences between groups were
evaluated. For a homogenous sample, a paired z-test analysis

was performed to identify significantly different results. For
a heterogeneous sample, Wilcoxon signed-rank test was
used. Further, the effect of 12-week NW training compared
with the control group was assessed. For a homogenous
sample, the analysis of variance (ANOVA) for repeated
measures and a post hoc Tukey’s test for unequal sample
sizes were performed to identify significantly different
results. For a heterogeneous sample, ANOVA Friedman
test and Dunn—Bonferroni post hoc test were used. In addi-
tion, analysis of covariance (ANCOVA) was performed to
adjust for the between-group effects for potential differences
in RBC levels.”> Thereby, RBC levels were included as
covariates to adjust for the potential baseline differences in
the iron, ferritin, and hepcidin levels. The effect size (partial
eta squared, ;7]23) was also calculated, with r]lzj >0.01 indicating
a small effect; > 0.059 indicating a medium effect; and
>0.138 indicating a large effect.”> The significance level
was set at p<0.05. The relationships between variables
were evaluated using the Spearman correlation coefficient.

Results
Effectiveness of the Training on Functional

Level
No differences between the study groups in terms of
anthropometric (Table 1), hematological (Table 1), and
functional fitness variables (Table 2) were apparent. No
participants exhibited any signs of inflammation.
Participation in the NW training did not change the
body composition (AWeight=1%; AFat=2%; ASMM=0%;
AFFM=0%; ATBW=1%). These observations were in
agreement with earlier studies.’**> After 12 weeks of

Table | Anthropometric and Hematological Characteristic of the Study Participants

At Baseline After the Intervention

CON (n=37) NW (n=39) P WT (n=27) HET (n=12) p
Weight (kg) 69.78+12.01 69.32+9.88 0.86 69.66%10.61 68.541+8.39 0.75
Fat (kg) 26.1+8.3 24.71+7.35 0.45 25.91+7.66 22.02+6.05 0.13
SMM (kg) 23.73+3.4 24.27+2.58 0.45 23.79+2.75 25.33%1.82 0.08
FFM (kg) 43.68+5.59 44.614.31 0.42 43.75+4.52 46.53+3.15 0.06
TBW (kg) 32.0614.12 32.7313.16 0.43 32.1043.31 34.15+2.34 0.06
RBC (10°uL™") 4.54+0.33 4.67+0.38 0.12 4.60+0.33 4.85+0.44 0.06
Hb (g-dL™) 13.19£1.48 14.01£1.33 0.0l 13.68+1.02 14.74+1.68 0.0l
MCH (pg) 29.78%1.09 29.77+1.34 0.99 29.77+1.38 29.79+1.29 0.96
CRP (mgL™" 3.62+3.36 2.73+2.26 0.21 2.96+2.35 2.25+2.10 0.40
IL-6 (pg-mL™") 1.90+1.03 1.58+1.00 0.22 1.58+1.04 1.58+0.93 0.99

Note: Values are mean+SD.

Abbreviations: Fat, fat mass; SMM, skeletal muscle mass; FFM, free fat mass; TBW, total body water; RBC, red blood cells; Hb, hemoglobin; MCH, mean cell hemoglobin;
CRP, C-reactive protein; IL-6, interleukin 6; CON, control group; NWV, Nordic walking group; WT, wild-type; HET, H63A HFE mutation.
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Table 2 Effect of 12 Weeks of NW Training on Physical Fitness
All (n=39) WT (n=27) HET (n=12) ANOVA
Baseline After 12 p Baseline After 12 Baseline After 12 Group npz
Weeks Weeks Weeks xTime
Chair stand (n) 20.97+4.4 23.3+4.98 0.00 | 20.67+4.43 23.24+5.22 21.58+4.46 23.42+4.66 0.51 0.01
Arm curl (n) 28.47+4.93 29.43+4.99 0.02 | 27.92+4.83 28.84+5.23 29.58+5.14 | 30.67+4.38 0.90 0.00
2-min step (n) 140.19+17.78 157.86+25.71 0.00 | 138.29+19.82 155.68+26.24 144+12.68 162.42+25.07 0.80 0.05
Chair sit-and-reach (cm) | 3.57+10.8 12.69+8.47 0.00 | 3.89+10.88 14.2447.21 291£11.14 | 9.73x10.18 0.08 0.11
Back scratch (cm) —-0.27£7.55 —1.39£7.95 0.25 | -1.36%8.18 -2.9248.07 1.91£5.82 1.67+7.06 0.67 0.0l
8-foot up-and-go (s) 3.55+0.64 3.46+0.59 0.22 | 3.6+0.64 3.51+0.58 3.47+0.67 3.3410.61 0.89 0.00

Note: Values are mean+SD.

training, a significant improvement in the physical fitness
of subjects was noted (Table 2). The strength of the leg
(p=0.00) and arm muscles (p=0.02) was improved. The
(p=0.00) and flexibility (p=0.00) were
increased. No differences between the genotype groups
were apparent (0.08<p<0.90).

endurance

General Effect of Training on Iron

Metabolism
The aim of the study was to determine whether the NW
training induced changes in iron metabolism and whether
the changes were the same in elderly women with different
HFE genotype. NW resulted in a statistically significant drop
in the serum levels of iron and ferritin, while the levels of
hepcidin remained unchanged (Figure 2). A small inter-group
effect in favor of NW was observed in terms of changes in
the ferritin levels (p=0.04, n§=0.06). Multiple pairwise post
hoc #-test analysis revealed significant differences in the
individuals pre- and post-testing (0.001<p<0.03). These
changes were not associated with the RBC levels, which
remained unchanged after the training (4.67+0.38 vs 4.68
+0.30, p=0.70). Further, no correlation between changes in
RBC and hepcidin levels was noted (r=0.05, p=0.77).
Analysis of hepcidin levels accounting for the baseline
iron (p=0.28, 17}2,=0.02), ferritin (p=0.36, 17}2,=0.01), and RBC
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levels (p=0.32, 7112)=0.02) did not reveal significant differ-

ences between groups. In other words, hepcidin levels
were unchanged after adjusting for baseline differences.

Next, we evaluated whether changes in the serum iron
concentration were associated with inflammation. No sig-
nificant changes in inflammatory markers were apparent.
Changes in the levels of C reactive protein (in the range of
0.2-0.7 pg/mL) and IL-6 (in the range of 0.1-0.6 pg/mL)
were similar in both genotype groups.

Subgroup Analysis of Genotype

Next, we analyzed the subjects representing the two genotype
subgroups, WT and HET. No differences were noted between
the HET and WT groups (Figure 3). Changes in iron, ferritin,
and hepcidin levels were similar in individuals representing
both genotypes. Further, the changes in ferritin levels after
12 weeks of training were statistically significant in both
genotype groups (WT: 101.47+67.75 vs 82.23+55.77,
p=0.002; HET: 103.34+42.70 vs 79.94+30.03, p=0.01).

Subgroup Analysis of Changes in Ferritin

Levels

Considering the changes in serum ferritin levels of all parti-
cipants, a decrease in serum iron levels after 12 weeks (by 11
pg/dL, 12%, p=0.07) was observed only in the subgroup with

-
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Figure 2 Effect of NW training on iron metabolism. Pre- (black) and post-testing (grey) in the NW (n=39) and CON groups (n=37). (A) Serum iron, (B) serum ferritin, (C)
serum hepcidin. The p-values were computed by using a post hoc test. Data are presented as the mean+SD.

CON

Clinical Interventions in Aging 2020:15

submit your manuscript

667

Dove


http://www.dovepress.com
http://www.dovepress.com

Kortas et al

Dove

200+ A 200+

1504

100+

a
=
1

Ferritin [ ng " ml™"]

=5

WT

o
1

HET

- 1501 c
£
© 100
c
c
5 501
H
& p=0.99
I O
WT HET

Figure 3 Iron metabolism indicators pre- (black) and post-training (grey) in the WT (n=27) and HET groups (n=12). (A) Serum iron, (B) serum ferritin, (C) serum hepcidin.
The p-values were computed by using a post hoc test. Data are presented as the mean+SD.

decreased ferritin levels (n=59). In the subgroup with
increased ferritin levels (n=17), serum iron levels did not
change. Hepcidin levels were constant in both subgroups
(p=0.99).

Subgroup Analysis of Baseline Ferritin

Levels

Baseline serum iron concentration in subjects with low
ferritin levels (n=47) (cut-off of 100 ng/mL) was signifi-
cantly lower (p=0.04) than that in subjects with high
ferritin levels (baseline concentration exceeding 100
ng/mL) (n=15). A greater decrease in serum iron levels
was observed in women with high ferritin baseline levels
than in women with low ferritin (13 pg/dL, 14%, p=0.14
vs 5 pg/dL, 6%, p=0.75, respectively). Hepcidin levels
were constant in both subgroups (p=0.99).

For a general overview of the changes in various para-
meters, we evaluated the correlations between the
variables studied. As noted previously,' the glucose
and ferritin levels were correlated (r=0.32, p=0.005,
CI: 0.10-0.52). However, we observed that these changes
were associated with the HFE genotype (Figure 4), but the
correlation was statistically significant only in the WT
group [WT: r=0.39, p=0.002, CI= 0.1-0.6; HET: r=0.18,
p=0.47, CI: (-0.3)-0.6].

WT
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"2 120
kel e %
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[ ) [ ]
Eqo0{ ® 0 R o * e
3 * o °
[}
2 80{ o o® r=0.39
p<0.001
60 . T T
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Ferritin [ng - mL'1]

Discussion
We have previously shown that NW training leads to some
adaptive changes in elderly women, as manifested by
increased physical performance, decreased blood choles-
terol levels, and reduced body iron stores.'”*>2° In the
present study, we confirmed that NW induces a reduction
in serum ferritin levels, which is a good marker of body
iron stores in the absence of inflammation.”” Detailed
analysis of the general significant decrease of serum ferri-
tin levels indicated that some subjects did not respond to
the training, albeit the reason for this was not known.
Hence, the main aim of the present study was to determine
whether NW training induced the same changes in iron
metabolism in elderly women heterozygous for the H63D
HFE gene and in women homozygous for the WT gene.
In the current study, changes in the iron stores induced by
regular exercise were not manifest in all subjects, and a minor
proportion of subjects were classified as non-responders.
Some individuals heterozygous for the H63D HFE gene are
characterized by elevated serum iron levels; however, only
a small percentage of them excessively accumulate iron.?®
Conversely, a study involving elderly subjects demonstrated
that 12.9% of participants over-accumulated stored iron,
while only 2.7% were iron-deficient.”> This and many other
studies strongly indicate that aging is associated with iron

HET
140-
) [ ]
= 120
©
N [ )
o)) i b
£ 100- 0% .
3 [ s S. L4
3 '
2 80+ r=0.18
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Figure 4 Correlation between glucose and ferritin levels at baseline in WT and HET groups.
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accumulation in the body. Therefore, understanding why in
some individuals training does not modulate body iron stores
may be important for defining the health-promoting out-
comes of exercise. The reason for this phenomenon is not
known, but certainly, genetic factors might contribute to
excessive iron accumulation in tissues. Recently, using ani-
mal model and cell cultures, we demonstrated that impaired
insulin signaling leads to iron accumulation in the skeletal
muscle tissue.*® It cannot be excluded that regular exercise,
which is known to increase insulin sensitivity, may impede
aging-associated iron accumulation in tissues. High iron
stores or serum ferritin levels are correlated with the risk of
heart attack, cancer, and diabetes.'? Hence, reduction of
serum ferritin levels induced by NW training should be
considered as one possible mechanism of the beneficial
effects of exercise.

In addition, improved physical performance after train-
ing was observed in the current study, suggesting some
positive changes in skeletal muscle metabolism. Many
mitochondrial proteins, myoglobin, and others whose
synthesis is induced by training contain iron. We did not
observe changes in hemoglobin and RBC values after the
NW training; however, based on the measurements, we
cannot exclude the possibility that the total hemoglobin
content in circulation increased. Indeed, several studies
demonstrated increased erythropoiesis after training.*'
Hence, the NW-induced drop in body iron stores can be
a result of adaptive changes in the skeletal muscle and
increased erythropoiesis.

Interestingly, in the current study, the correlation
between serum ferritin and fasting blood glucose levels
was observed before and after 12 weeks of NW training.
These data support an earlier observation that higher blood
ferritin levels are associated with a higher risk of insulin

levels.3%33

resistance and elevated blood glucose
However, in the current study, the observed decrease in
serum ferritin levels was not associated with decreased
blood glucose.

Regular exercise might decrease serum iron levels by
increasing hepcidin biosynthesis, which could limit intest-
inal iron accumulation, and iron release into the blood by
the liver and other tissues. A substantial number of stu-
dies demonstrate that a single bout of exercise increases
serum hepcidin levels,** but the data on the effects of
regular exercise are scarce.”’ We here observed that NW
training did not induce significant changes in serum hep-
cidin levels despite a significant reduction in serum iron

levels. These observations indicate that factors other than

serum iron contribute to the regulation of hepcidin bio-
synthesis after NW training.>

Further, we observed that serum iron levels dropped
significantly after 12 weeks of training, suggesting hepci-
din activity. Of note, there was no significant difference in
serum iron levels in subjects bearing H63D HFE and WT
HFE. These observations contrast with those of previous
studies showing that heterozygotes may have higher serum
iron levels than the WT. High serum iron levels are asso-
ciated with an increased risk of cancer and some other
diseases.>® This is likely because of an increased iron-
dependent formation of reactive oxygen species. Hence,
lowering serum iron levels by regular training should be
considered as a positive health-promoting measure.

In conclusion, the presented data strongly indicate that
regular exercise significantly lowers body iron stores and
blood iron levels, which could be considered as a health-
promoting effect of exercise. The observed changes in iron
metabolism were not related to the genetic background.
Studies of professional athletes show that a drop in iron
stores may be related to intestinal bleeding upon over-
training and stress.>’ Hence, the original hypothesis that
individuals bearing mutations in the HFE gene would not
respond to NW training by lowering serum iron and ferri-
tin levels was not confirmed. However, a study with
a higher number of participants is needed to determine
the effect of exercise on serum iron levels.
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