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Abstract
Purpose This study was aimed to assess potential correlations
between periodic leg movement (PLM) index, hepcidin
levels, and iron status in patients with obstructive sleep apnea
syndrome (OSAS).
Methods Forty-four newly diagnosed OSAS patients and 49
non-apneic controls were enrolled in this study. All patients
underwent polysomnographic evaluation. The hepcidin, iron,
ferritin, total iron binding capacity, and C-reactive protein
levels were measured.
Results The mean age was 47.4±7.2 years (18–68) in the
OSAS group and 44.9±11.1 years (23–65) in the control
group. There were no differences in age, gender, and smoking
between OSAS patients and controls. Mean apnea–hypopnea
index (AHI) was 25.1 events/h. Mean serum hepcidin levels
were significantly higher in OSAS subjects (725.9 ng/ml) than
in control subjects (646.0 ng/ml) (p<0.001). Serum iron levels
were significantly lower in the OSAS and PLM disorder
groups than in control subjects (p<0.001). Serum hepcidin
levels were significantly correlated with AHI (r=0.453) and
PLM index (r=0.114). Serum iron levels were significantly
negatively correlated with AHI (r=−0.169) and PLM index
(r=−0.180).
Conclusions In our study, the level of hepcidin was increased
in patients with OSAS. Our study indicates that levels of

hepcidin correlate with the AHI and PLM index severity of
OSAS.
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Introduction

Obstructive sleep apnea syndrome (OSAS) is diagnosed in the
majority of patients seeking treatment at sleep disorder cen-
ters. OSAS causes excessive daytime sleepiness in at least 3 %
of affected adults, while others with this condition do not
experience overt sleepiness. Between one quarter and one-
half of the patients evaluated by polysomnography for
suspected OSAS also have periodic leg movements (PLM)
during sleep [1, 2].

PLM disorder is characterized by periodic episodes of
repetitive limb movements during sleep. These movements
most often occur in the lower extremities (e.g., toes, ankles,
knees, and hips), but can occasionally occur in the upper
extremities. These movements may be associated with an
arousal, which can disrupt sleep and lead to excessive daytime
sleepiness [3].

Restless leg syndrome (RLS) is characterized by the oc-
currence of periodic leg movements during sleep (PLMS).
PLMS occurs in approximately 80 to 90 % of patients with
RLS and supports the diagnosis of RLS [3].

Both RLS and PLM during sleep are more prevalent in
certain populations, including pregnant women, those with
iron deficiency anemia, and those with end-stage renal dis-
ease, in which inadequate iron status is likely to develop
[4–6]. Ekbom reported an association between iron deficiency
and RLS as early as 1969 [7]. Some studies suggest that iron
therapy can reduce RLS symptoms in patients with ferritin
levels less than 45 μg/L [8, 9].
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However, the relationship between hepcidin, iron status,
and PLM disorder in patients with OSAS has not been well
studied. Initial studies identified hepcidin (hepatic bactericidal
protein) as a urinary antimicrobial peptide that is rich in
cysteine. Further studies indicated that hepcidin is
overexpressed in mice with iron overload and plays a signif-
icant role in iron homeostasis in knockout animals with iron
storage disease. Complete abrogation of hepcidin leads to
excessive intestinal absorption of iron and an increase in the
amount of iron released by macrophages, which causes iron
overload [10–12]. Hepcidin functions via interactions be-
tween hepcidin and ferroportin [13].

Iron regulates hepcidin homeostasis. Hepcidin production
is stimulated by increases in plasma iron levels and by in-
creases in iron storage [14]. Hepcidin production is sup-
pressed during iron deficiency. In addition, the proper function
of the feedback loop between iron and hepcidin ensures
appropriate physiological concentrations of iron in the plasma
[15]. Furthermore, hepcidin levels are elevated during inflam-
mation and/or infection, which can cause iron dysregulation
with hypoferremia and anemia-related inflammatory disease
[16].

Jairam et al. compared the body iron stores, degree of
inflammatory activation, and pro hepcidin levels in patients
newly diagnosed with end-stage renal disease with those of a
normal population [17]. They showed that the diseased pa-
tients had marked inflammatory activation, including high
hepcidin levels, which could explain their functional iron
deficiency.

While hepcidin levels are markedly high during inflamma-
tion, its expression is downregulated by hypoxia by mecha-
nisms that are still being determined. Since both inflammation
and hypoxia are active forces in the development of OSAS,
we hypothesize that hepcidin plays a regulatory role in this
condition. The present study aimed to assess potential corre-
lations between the PLM index, hepcidin levels, and iron
status in patients with OSAS.

Methods

Patient selection

All subjects were evaluated for OSAS at the Sleep Disorders
Centre of Dicle University either because they were referred
by their physician or because they came themselves due to
problems with snoring or daytime sleepiness. Subjects were
eligible for this study if their total sleep time was at least
240 min on the polysomnographic (PSG) recording. The
Ethics Committee of Dicle University Medical Faculty ap-
proved the study protocol, and informed consent was obtained
from each participant.

Forty-four newly diagnosed OSAS patients and 49 age-
matched non-OSAS control subjects were enrolled in this
study.

Subjects were excluded from this study if they had any
known central sleep apnea, upper airway resistance, hemato-
logic disorders, neurologic disorders, cardiovascular disease,
lung disease, and renal or metabolic disease. Additionally,
patients were excluded from this study if they were on any
type of medications that may affect PLM disorder (e.g., do-
paminergic medications, opiates, benzodiazepines, and tricy-
clic antidepressants). The body mass index (BMI) of each
participant was calculated by dividing the weight (kg) by the
height (m2).

Polysomnographic evaluation

All participants underwent an all-night sleep recording, which
was performed using diagnostic equipment with integrated
digitalized video (E-Series, 44-channel polysomnograph;
Compumedics™, Melbourne, Victoria, Australia).

The effects of sleep stage on PSG and apnea–hypopnea
events for adults were determined according to the updated
criteria of the American Academy of Sleep Medicine [18].

The universally accepted criteria for diagnosis of PLM
disorder are as follows:

1. There should be at least four leg movements in a 90-s
period;

2. Contractions should be more than 0.5 s and less than 5 s;
3. When contractions are recorded from both of the anterior

tibialis muscles, they should be separated by an interval of
at least 5 s for them to be counted as two separate
movements;

4. Contractions can either be associated with EEG arousals,
or in severe cases, even overt arousals;

5. The PLM index (PLMI) is calculated by dividing the total
number of PLMs by the sleep time in hours; and

6. The diagnosis of PLM disorder can be made when pa-
tients present with insomnia, tiredness, and daytime sleep-
iness as well as high PLMI [3].

The cutoff value of PLMI for PLMD is set at 15 episodes
per hour [19].

Laboratory Analysis Blood samples were immediately cen-
trifuged, and serums were kept at −80 °C until laboratory tests
were performed. Serum Hepcidin 25 (Eastbio Pharm) levels
were determined using an enzyme-linked immunosorbent as-
say (ELISA) method according to the manufacturer’s proto-
cols. The serum iron, ferritin, and unsaturated iron-binding
capacity levels were determined with an autoanalyzer Archi-
tect C 16000 (Abbott Laboratories, Abbott Park, IL, USA),
and the C-reactive protein (CRP) levels were measured by the
nephelometric method.
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Statistical analysis

Data characterized by a normal distribution were expressed as
mean ± standard deviation. The Kolmogorov–Smirnov test
was used to determine a normal distribution of continuous
variables. The Student’s t test (normal distribution) or the
Mann–Whitney test (non-normal distribution) was used for
comparing two groups. The Kruskal–Wallis test was used for
comparing more than two groups. Categorical data were com-
pared with the χ2 test or the Fisher’s exact test. Correlations
between variables were assessed with the Pearson’s correla-
tion test. All data were analyzed with the Statistical Package
for Social Sciences version 11 for Windows® (SPSS® Inc.,
Chicago, IL, USA). All statistical tests were two-sided, and
p values <0.05 were considered statistically significant.

Results

Forty-four newly diagnosed OSAS patients and 49 age-
matched non-OSAS control subjects were enrolled in this
study. The demographic and clinical characteristics of both
study groups are presented in Table 1. There were no differ-
ences in age, gender, or smoking between the two groups. The
mean age of the OSAS group was 47.4±7.2 years (18–68).

Serum hepcidin levels were significantly higher in OSAS
subjects (725.9±362.3 ng/ml) than in non-OSAS subjects
(296.3±169.7 ng/ml; p<0.001).

Serum hepcidin levels in mild (n=16), moderate (n=17),
and severe (n=11) OSAS patients were 570.7, 693.6, and
1,001.4 ng/ml, respectively. The differences between each of
these values were significant (p=0.01).

Subjects with PLM disorder had significantly higher
hepcidin levels when compared with subjects without PLM
disorder (646.0±332.0 ng/ml versus 373.6±318.1 ng/ml;
p<0.001).

Serum iron levels were significantly lower in the OSAS
group (p<0.001). There were no significant differences in
the ferritin, total iron-binding capacity (TIBC), or CRP
serum levels between the OSAS group and the controls.
The laboratory results of the OSAS–non-OSAS and PLM
disorder–non-PLM disorder groups are shown in Tables 2
and 3, respectively.

A Pearson correlation analysis indicated a significant cor-
relation between serum hepcidin levels and the apnea–
hypopnea index (AHI) (r=0.453, Fig. 1), oxygen desaturation
index 3 % (ODI3%) (r=0.459, Fig. 2), and PLMI (r=0.114,
Fig. 3) in all of the patients.

There was a significant negative correlation between serum
iron levels and AHI (r=−0.169, Fig. 4) and PLMI (r=−0.180,
Fig. 5).

There were no significant differences in the hepcidin, iron,
ferritin, TIBC, and CRP serum levels or BMI between the
male and female patients with OSAS (p>0.05).

There was a significant negative correlation between serum
hepcidin levels and iron levels (r=−0.471).

Discussion

Data from this study indicate that hepcidin serum levels in
OSAS patients are higher than those of controls. In addition,
there are correlations between hepcidin levels and AHI and
PLMI levels.

Previous studies have reported that increased levels of
CRP, interleukin-6, other inflammatory markers, and oxida-
tive stress products indicate that both inflammation and oxi-
dative stress play major roles in the pathogenesis of OSAS
[20, 21].

Mermigkis et al. investigated possible gender differences in
CRP evolution in OSAS patients by measuring CRP levels 3

Table 1 Demographic and clinical characteristics of the study groups

Characteristics OSAS group
(n=44)

Control group
(n=49)

p

Age (years) 47.4±7.2 44.9±11 NS

Gender (M/F) 28/16 26/23 NS

Current smokers (n) 15 26 NS

BMI (kg/m2) 28.1±6.3 25.8±6.7 NS

Apnea–hypopnea index
(events/h)

25.1±20.8 2.0±0.9 <0.001

Oxygen desaturation index 22.2±16.7 7.2±7.6 <0.001

PLM index (events/h) 40.7±36.9 21.4±35.1 0.011

PLM disorder n (%)

Absence 15 (34) 35 (71) <0.001
Presence 29 (66) 14 (29)

Values are mean ± SD

OSAS obstructive sleep apnea syndrome, BMI body mass index, M/F
male/female, PLM periodic limb movement, NS not significant

Table 2 Comparison of laboratory findings between OSAS and non-
OSAS groups

Parameters (mean ± SD) OSAS group
n=43

Non-OSAS group
n=50

p

Hepcidin (ng/ml) 725.9±362.3 296.3±169.7 <0.001

Iron (mcg/dl) 48.9±23.1 83.0±31.3 <0.001

TIBC (mcg/dl) 221.5±63.8 203.2±51.4 NS

Ferritin (ng/ml) 94.5±83.3 134.6±123.6 NS

CRP (mg/dl) 0.84±0.34 0.59±0.38 NS

TIBC total iron binding capacity, NS not significant, CRP C-reactive
protein
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and 6 months after beginning effective continuous positive
airway pressure (CPAP) treatment [22]. Their results suggest
that despite effective CPAP treatment, there is a delay in the
normalization of CRP levels in females. Women required at
least 6 months for their CRP levels to normalize and their
cardiovascular risk to decrease. In contrast, CPAP had a
protective role in males at an earlier time point. Gender-
related hormonal and genetic factors may influence CRP
evolution. It has been reported that OSAS patients have ele-
vated serum CRP levels and that these high CRP levels are
only related to obesity. In our study, there was no significant
difference in CRP levels or BMI between male and female
patients with OSAS.

Chronically elevated levels of proinflammatory cytokines
are a feature common to both OSAS and anemia related to

chronic illness. Because intermittent hypoxia is presumed to
stimulate erythropoietin and the release of proinflammatory
mediators, the development of anemia may be obscured in
OSAS. Iron is an essential trace element, and optimal iron
status is known to play a critical role in human performance.
The discovery of hepcidin yielded a significant insight into the
link between inflammation and systemic iron status [23].

Duru et al. reported decreased levels of hepcidin in the
serum of patients with chronic obstructive pulmonary disease
and suggested that hepcidin may play a role in preventing
hypoxemia [24]. Similarly, we found a negative correlation
between hypoxemia and hepcidin.

Khan et al. reported that a group of patients (n=10) with
severe OSAS had no anemia and normal hepcidin levels [25].
In our study, we determined that patients with OSAS had
increased serum hepcidin levels and that these levels were
further increased in patients with severe OSAS. We hypothe-
size that this increase may be positively correlated with
inflammation.

Clardy et al. hypothesized that the pathophysiology of
PLM is associated with abnormalities in the iron metabolism
pathway and iron storage and transferase as well as abnormal-
ities in the ferritin subunits, hepcidin, and transferrin receptor
expression [26]. The relationship between hepcidin, iron sta-
tus, and PLMD in patients with OSAS is not known. In our
study, hepcidin was increased in patients with PLMD, and
hepcidin and iron levels were associated with a significantly
high risk of PLMD.

Table 3 Comparison of laboratory findings between PLMD and non-
PLMD groups

Parameters
(mean ± SD)

Presence of PLMD
n=43

Absence of PLMD
n=50

p

Hepcidin (ng/ml) 646.0±332.0 373.6±318.1 <0.001

Iron (mcg/dl) 58.8±35.9 73.8±27.7 0.025

TIBC (mcg/dl) 226.7±62.7 199.2±50.9 0.022

Ferritin (ng/ml) 90.9±74.4 137.0±126.8 0.038

CRP (mg/dl) 0.54±0.48 0.85±0.35 NS

TIBC total iron binding capacity, NS not significant, CRP C-reactive
protein

Fig. 1 Correlation between the
apnea–hypopnea index and serum
hepcidin levels (r=0.453;
p<0.001)
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The synthesis of hepcidin is increased by both inflamma-
tion and infection. Patients with sepsis, inflammatory bowel

disease, myeloma, burns, and C-reactive protein (CRP) levels
>10 mg/dL exhibit significantly elevated hepcidin levels [27].

Fig. 2 Correlation between the
serum hepcidin levels and
ODI3% (r=0.459; p<0.001)

Fig. 3 Correlation between the
periodic limb movement index
and serum hepcidin levels (r=
0.114; p=0.001)
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Macrophages are stimulated during the inflammatory process,
and the degree of stimulation depends on the severity of
inflammation.

Activated macrophages release a network of cytokines.
Among them is interleukin-6 (IL-6), which is one of the
primary inducers of hepcidin expression. An increase in

Fig. 4 Negative correlation
between the apnea–hypopnea
index and serum iron levels (r=
−0.169; p<0.001)

Fig. 5 Negative correlation
between the periodic limb
movement index and serum iron
levels (r=−0.180; p=0.085)
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hepcidin levels can cause hypoferremia. In our study, there
was a significant negative correlation between serum hepcidin
levels and iron levels. Because OSAS is an inflammatory
disease, we hypothesize that hypoferremia can induce PLMD
in patients with OSAS. Because hepcidin plays a central role
in iron homeostasis, it is possible to consider its use as a novel
treatment. Although hepcidin is not presently used for the
treatment of anemia, we can use hepcidin level as a diagnostic
tool to determine the severity of both anemia and OSAS.

Iron-related diseases, such as PLMD, are common and
clinically important. Recent research has clarified the patho-
genesis of hypoferremia and of PLMD that is related with
hypoferremia. This study and future studies with larger series
may allow for the development of new tests and new
treatments.

Sımakajornboon et al. assessed potential relationships be-
tween serum iron and ferritin levels and the severity of PLMS
in a pediatric population and evaluated their response to
supplemental iron therapy [28]. They determined that in chil-
dren, the presence of PLMD is frequently associated with low
serum iron and a tendency toward low serum ferritin levels. In
addition, iron therapy was associated with clinical improve-
ment in most of these patients [28].

Similarly, we also determined that PLMD is frequently
associated with low serum iron, low serum ferritin, and high
serum hepcidin levels in patients with OSAS.

There are potential limitations of the current study. First,
the sample size was relatively small. The general applicability
of our results to those with OSAS requires larger studies in
order to establish the roles of PLMD and hepcidin and to
confirm hepcidin and iron levels in patients with OSAS and
those in other subgroups. Second, our study did not contain
the follow-up records of subjects after treatment.

Since high hepcidin levels contribute to inflammation, the
evaluation of this peptide in OSAS may have the potential to
be useful as a diagnostic or prognostic indicator of the disease.
Thus, screening hepcidin levels in OSAS patients may be
useful for evaluating the prognosis of OSAS. To address this
hypothesis, further prospective studies are needed in order to
evaluate the role of hepcidin in patients with OSAS [29].
These prospective studies must have larger series to determine
its clinical utility and cost-effectiveness.

O’Brien et al. hypothesized that OSA patients may have
increased PLM during sleep and have more daytime sleepi-
ness due to lower body iron stores, as reflected by serum
ferritin levels, which cause downstream effects on dopaminer-
gic transmission [30]. They showed that lower minimum
oxygen saturation and increased sleep stage shifts predicted
increased ferritin levels. The results of their study, which were
powered to detect small to moderate effect sizes, strongly
suggest that OSAS does not cause lower serum ferritin levels,
which, in turn, cannot explain PLMD or daytime sleepiness in
their patients.

In our study, other markers of iron metabolism (e.g., TIBC
and ferritin levels) in the OSAS group were different from
those of the control group, although these differences were not
significant due to the small sample size.

To our knowledge, an investigation regarding the associa-
tion between hepcidin and iron status and PLMD in patients
with OSAS has not been published. In this study, we demon-
strated that there is a significant increase in hepcidin levels in
patients with OSAS when compared to healthy controls. We
believe that hepcidin levels in patients with OSAS may in-
crease due to inflammation, which results in a reduction in
iron levels. Low iron levels and high hepcidin levels may also
play a role in the pathogenesis of PLMD.
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