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Is Hepcidin a Good Marker for Inflammation in
Obstructive Sleep Apnea Syndrome (OSAS ) Patients?
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Summary

Objective: Obstructive Sleep Apnea syndrome (OSAS) is a clinical
syndrome characterized by recurrent episodes of upper airway
obstruction during sleep, resulting in chronic intermittent hypoxia and
causing inflammation. IL-6 and CRP are the most commonly studied
inflammation biomarkers in OSAS. Given that IL-6 is an important
activator of hepcidin during inflammation. In this study, hepcidin levels
in OSAS patients were examined.

Materials and Methods: A total of 44 patients undergoing
Polysomnography (PSG) for suspected sleep disorder breathing were
studied. Patients were classified as having no to mild OSAS (n=15) or
moderate to severe OSAS (n=29) based on apnea-hypopnea index (AHI)
(AHI <15 vs. AHI 215, respectively). Blood samples were obtained at
night before PSG and in morning to obtain hepcidin levels.

Results: Patients with moderate to severe OSAS had lower evening
hepcidin levels (U=-3.91, p<.001) and a greater change in evening to
morning hepcidin levels (t=-2.83, p=.007) than patients with no or
mild sleep apnea. AHI was negatively correlated with evening hepcidin
(Hep E) (rs=-0.48, p =0.001) but was not significantly associated with
morning hepcidin (Hep M) or change in evening to morning hepcidin
levels. Greater Hep E levels were associated with significantly decreased
odds of having moderate to severe sleep apnea even after controlling for
covariates. A greater change in Hep E to Hep M levels were associated
with a 1.08-fold increase in the odds of having moderate to severe sleep
apnea (95% Cl 1.02-1.15, p=.02).

Conclusion: This is a pioneer study to date to investigate the association
between hepcidin and OSAS. Among patients with moderate-severe
OSAS, significant increases in Hep E levels and change in Hep E to Hep M
levels were found. Hepcidin may be a useful marker for the detection of
hypoxia/reoxygenation episodes and inflammation in OSAS.

(JTSM 2015,2:33-7)
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Ozet

Amag: Obstriiktif Uyku Apne sendromu (OUAS) uykuda defalarca (st
solunum yolunun tikanmasi ile karakterize klinik bir sendrom olup, kronik
aralikli hipoksi gelisimi sonucu dokuda enflamasyon olusumuna neden olur.
OUAS’da IL-6 ve CRP en sik arastirma yapilan enflamasyon biyobelirtecleridir.
Enflamasyon gelisimi sirasinda IL-6, hepsidinin 6nemli bir aktivatoridir. Bu
calismada OUAS’Il hastalarda hepsidin diizeyleri aragtinlmigtir.

Gereg ve Yontem: Uykuda solunum bozuklugu 6ntanisiile polisomnografi
uygulanan 44 hasta calismaya alinmistir. Apne Hipopne indeksine (AHI)
gore AHI>15 olan 29 orta-ileri derece OUAS’li hasta ve AHi<15 olan hafif
derece OUAS’li veya OUAS olmayan toplam 15 hasta calismaya alinmistir.
Tim hastalardan Polisomnografi (PSG) 6ncesi (gece) ve PSG sonunda
(sabah) hepsidin degerlerini tespit etmek amach kan 6rnekleri alinmistir.
Bulgular: Orta-agir derece OUAS’I hastalarda gece hepsidin dizeyleri
daha dustik bulunurken (U=-3,91, p<,001), gece-sabah hepsidin degerleri
farki yine orta-agir OUAS’lI hastalarda hafif OUAS veya OUAS olmayan
gruba goére ¢ok daha yiiksek bulunmustur (t=-2,83, p=,007). AHI degeri
gece olcililen hepsidin (Hep E) ile negatif yonde korele bulunurken (rs=-
0,48, p=0,001), giindiiz hepsidin degeri (Hep M) ve gece-giindiiz farki
diizeyleri ile bagintih bulunmamistir. Gece olclilen hepsidin degerleri
artigi kovaryanlar kontrol edildikten sonra dahi orta-agir OUAS sikigi
ile negatif baginti bulunmustur. Hep E ile Hep M arasindaki sayisal fark
artisiyla orta-agir derece OUAS sikhiginda 1,08 kat artis tespit edilmistir.
(%95 CI1,02-1,15, p=,02).

Sonug: Bu arastirma; giinimuze dek OUAS ve hepsidin arasindaki iliskiyi
arastiran oncl bir calismadir. Orta-agir derece OUAS’lI hastalar icinde
Hep E degerlerinde ciddi artis ve Hep E - Hep M degerleri farkinda da ciddi
degisiklikler bulunmustur. Hepsidin, OUAS da hipoksi/reoksijenasyon
epizodlari ve enflamasyonu belirlemekte iyi bir biyobelirteg olabilir. (J/TSM
2015;2:33-7)
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Introduction

Obstructive Apnea syndrome (OSAS) is characterized by
repetitive periods of upper airway collapse resulting in cyclic
periods of hypoxia/reoxygeneration and causing increased
generation of oxygen species by oxidative stress (1). Chronic
intermittent hypoxia or oxidative stress is critical for activation
of nuclear factor (NF)-xB (2,3). Activation of NF-xB induces
expression of pro-inflammatory cytokines, including IL-6, which
stimulate the production of C-reactive protein (CRP) by the
liver (4).

Several inflammatory markers including CRP, tumor necrosis
factor-alpha (TNF-a)) and interleukin-6 (IL-6) are increased in
OSAS patients (5,6). Chronic elevations in cytokines such as
CRP and IL-6 are associated with an increased risk of adverse
health outcomes such as diabetes and heart disease (7-9).
Systemic and airway inflammation in OSAS patients have been
attributed to upper airway mechanical tissue injury and systemic
hypoxemia and is hypothesized to contribute to daytime
sleepiness and increased risk of cardiovascular complications
and metabolic syndrome (1,10).

CRP is a sensitive marker for systemic inflammation, and is
higher in OSAS patients as compared to healthy controls (11).
Markedly reductions in serum CRP and IL-6 levels have been
demonstrated after one month of continuous positive airway
pressure (CPAP) therapy even without a change in body mass
index (BMI) (5).

Obesity itself is not only a well established risk factor for
OSAS, but also a potent source of proinflammatory state (12).
Macrophages of the adipose tissue secrete proinflammatory
cytokines, such as TNF-a and IL-6 (12,13). Numerous studies
have shown that both total body fat and the amount of visceral
fat are strong correlates of CRP levels (14-16).
Hepcidinisa25-amino acid protein. It regulates iron homeostasis,
inhibites iron absorption at the enterocyte and sequesters iron at
the macrophage, thus potentially contributing to decreased iron
stores and hypoferremia (17,18). The major regulatory action of
hepcidin is to bind to and internalize the transmembrane iron
efflux transporter, ferroportin, which is present on enterocytes,
macrophages, and hepatocytes (19). Several studies have
demonstrated that IL-6 is an important activator of hepcidin
expression during inflammation (19-22). To date, no studies
have examined the relation between hepcidin and OSAS. In the
current study, we hypothesized that hepcidin may serve as a
marker for inflammation in OSAS patients.

Materials and Methods

The study complied with the declaration of Helsinki and was
approved by the local research ethics committee and informed
consent was obtained from all participants.

Study Population

A total of 44 patients who were referred to the Sleep
Clinic between January 2008-2009 were included in this
study. All patients without anatomic dysfunction (severe nasal
occlusion, septal deviation, retrognathia or micrognathia) with
suspected sleep breathing disorders symptoms were accepted
for polysomnography (PSG) and underwent a detailed physical
examination. Patients who had chronic diseases (such as
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diabetes mellitus, chronic renal disease, chronic obstructive
pulmonary disease) that could influence hepcidin metabolism
and/or were on iron therapy or had hypoferritinemia (<50
mcg/L) were excluded from the study.

Assessments

Body Mass Index (BMI) was calculated as body weight/height2
(kg/m2). Waist circumference and neck circumference were also
measured. As part of the standard clinical assessment, blood
pressure, blood count, liver and renal function tests, serum iron,
total iron binding capacity, ferritin levels, spirometry, and a lipid
and thyroid profile were obtained for all patients.

The Epworth Sleepiness Scale (ESS) is a self-administered
eight-item questionnaire that is widely used for assessment of
daytime sleepiness in adults. Validated Turkish version of ESS
was used for this study (23).

Polysomnography

All participants underwent full-night PSG using the
Compumedics E-series system (Compumedics®, Melbourne,
Victoria, Australia). The PSG recordings included 6-channels
electroencephalography, 2-channels electrooculography,
2-channels submental electromyography, oxygen saturation by
an oximeter finger probe, respiratory movements via chest and
abdominal belts, airflow both via nasal pressure sensor and oro-
nasal thermistor, electrocardiography, and leg movements via
both tibial anterolateral electrodes. Sleep stages and respiratory
parameters were scored according to the standard criteria of
the American Academy of Sleep Medicine (AASM). Based on
the 2007 AASM guidelines, apnea was defined as a 290%
decrease in airflow persisting for at least 10 seconds relative to
the basal amplitude. Hypopnea was defined as a 250% decrease
in the airflow amplitude relative to the baseline value with an
associated 23% oxygen desaturation or arousal persisting for at
least 10 seconds (24).

Apnea-Hypopnea Index (AHI) was calculated based
on the following formula: Total number of obstructive
apneas+hypopneas/total sleep time (h). Patients with a sleep
recording of <5 hours and sleep efficiency of <60% were
reevaluated. Patients were divided into two groups according to
their AHI: AHI<15 representing no to mild OSAS (n=15) and AHI
>15 representing moderate to severe OSAS (n=28).

Hepcidin Blood Samples

Blood samples for the evening hepcidin level (Hep E) were
obtained between 21:00-22:00 pm before PSG and morning
hepcidin levels (Hep M) were obtained between 06:00-07:00
am after PSG. The difference between Hep M -Hep E levels
was calculated. Serum samples for hepcidin were centrifuged
for 10 minutes at 3000 rpm and stored at -70 °C. A hepcidin
prohormone enzyme-linked immunosorbent assay (ELISA) kit
(RE 54051, IBL) was used for serum hepcidin measurement.

Statistical Analyses

Descriptive statistics for continuous variables were summarized
as means = SDs or medians and interquartile range for variables
that were not normally distributed. Categorical variables
were described as frequencies with percentages. Spearman
correlation coefficients were used to examine associations
between continuous variables. Student’s t test was used to
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compare the means of normally distributed variables between
those with an AHI <15 and AHI 215. Mann-Whitney U test
was used for variables that were not normally distributed.
Multivariable models were adjusted for age, sex, BMI, and waist
circumference. Odds ratios (ORs) and 95% confidence intervals
(95% Cls) were reported. Statistical analysis was performed
using SPSS, version 16.0 for windows.

Results

Table 1 displays the characteristics of the patients with no or
mild OSAS and moderate to severe OSAS. The groups were
similar with regards to age, sex, neck circumference, daytime
sleepiness, and ferritin and CRP levels. Those with moderate to
severe OSAS had, on average, higher BMI (t=-2.81, p=.008),
greater waist circumference (t=-2.62, p=.012), and higher
oxygen desaturation index (ODI) (t=-6.15, p<.001) than those
with no or mild OSAS. Patients with moderate to severe OSAS
had lower Hep E levels (U=-3.91, p<.001) than patients with
no or mild sleep apnea and no difference in Hep M was found
between the groups. A greater change in Hep E to Hep M levels
(t=-2.83, p=.007) was found in patients with moderate to severe
OSAS as compared to patients with no or mild OSAS, such that
greater increases in hepcidin levels overnight occurred among
those with no or mild OSAS Hep E, Hep M, and change in Hep
E to Hep M levels were not significantly correlated with age,
BMI, or neck and waist circumference. CRP was not significantly
associated with AHI (rs=0.14, p=0.39), Hep E (rs=0.17, p=0.29),
Hep M (rs=-0.07, p=0.67), or change in Hep E to Hep M levels
(rs=-0.26, p=0.09). Hep E was negatively correlated with AHI

(rs=-0.48, p=0.001), ODI (rs=-0.48, p=0.001), minutes O2
<90% (rs=-0.48, p=0.001), and % time O2 <90% (rs=-0.55,
p<0.001). Hep M was negatively correlated with ODI (rs=-0.30,
p=.047). Change in Hep E to Hep M levels was correlated with
% time 02 <90% (rs=0.34, p=.03), but was not correlated with
AHI, ODI, minutes 02 <90%.

Table 2 and 3 show the ORs of having moderate to severe
sleep apnea (AHI>15), as computed with logistic regression
models. Greater Hep E levels were associated with significantly
decreased odds of having moderate to severe sleep apnea even
after controlling for age, sex, BMI, and waist circumference
(OR=0.78, 85% CI=0.64-1.00, p=.02). After adjusting for
covariates, each 1-point increase in change in Hep E to Hep
M levels were associated with a 1.08-fold increase in the odds
of having moderate to severe sleep apnea (95% Cl 1.02-1.15,
p=.02).

Discussion

In the present study, it was shown that OSAS led to an increase
in hepcidin levels througout the night, which in turn correlated
with the markers indicating the levels of hypoxy periods
reflecting the severity of OSA. Thus, hepcidin may be a useful
marker in the determination of the complex relation between
hypoxy and inflammation in OSA.

OSAS is an inflammatory disorder associated with increased
levels of systemic IL-6, TNF-alpha, and CRP (5,6,11,15).
Repeated hypoxia-reoxygenation is associated with increased
production of these inflammatory mediators. Studies report

— N - Table 2. Odds ratios (95% confidence interval) of having moderate

Table 1. Characteristics of study population by OSAS severity to severe sleep apnea by evening hepcidin levels
Characteristic AHI <15 (n=15) | AHI =15 (n=29) | OR | 95% Cl | p-value
Age, year 42.0 (13.3) 46.7 (7.3) Model 1
Sex, % (n) male 86.7% (1 3) 89.3% (25) Age 1.05 0.97-1.14 0.21
BMI* 27.8 (4.1) 31.7 (4.3) Sex 0.27 [0.01-11.00 |0.49
Waist Circumference, cm* 98.5 (1 00) 106.0 (84) BMI 1.28 0.84-2.00 0.26
Neck Circumference (cm) 41.0 (4.0 41.3 331 Waist Circumference 101 |0.841.21  [0.91
Epworth Sleepiness 11.2 (6.2) 11.4 (5.3) Model 2
Scale Score

— Hepcidin (evening) lo78 [o0.64-1.00 [0.02
Ferritin 93.3 (46.2)2 95.0 (79.4)a

BMI: Body mass index

AHI* 6.9 (7.0)a 37.9 (40.6)2
ODI* 7.6 (4.8) 41.1 (20.7) Table 3. Odds ratios (95% confidence interval) of having moderate
Oxygen desaturation 0.5 (3.6)2 24.9 (61.8)a to severe sleep apnea by change in evening to morning hepcidin
<90% (minutes)* levels
Oxygen desaturation 0.0 (0.8) 6.9 (15.1) [orR [95%cl  |p-value
<90% (% time)* Model 1
Hepcidin (ng/ml) (evening)* | 158.6 (25.7)2 140.2 (29.2)2 Age 1.05 1097114 0.21
Hepcidin (ng/ml) (morning) 178.1 (37.3)2 163.0 (34.8)a Sex 027 |001-11.00 | 0.49
AHepcidin (change from 7.4 (16.7) 26.8 (23.6) BMI 128 | 0.84-2.00 0.26
evening to morning)* : : . :
CRP 3.0 (1.2)2 41 (3.0 Waist Circumference 1.01 0.84-1.21 0.91
Note: Values represent means (SD) or amedian (interquartile range) depending Model 2
on data distribution. BMI: Body mass index, AHI: Apnea hypopnea index, ODI: AHepcidin 1.08 1.02-1.15 0.02
Oxygen desaturation index, CRP: C-reactive protein. Groups were compared f ;
using Student’s t test or Mann-Whitney U test where appropriate *p<.01 (change from evening to morning)

**p<.05

BMI: Body mass index
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conflicting findings on CRP levels, including a decrease (26),
increase (27) and no change (28). A diurnal variability of CRP
in OSAS has been found, with lower levels during sleep and
higher levels through the day (29). We found no correlation
between CRP levels and AHI, although mean CRP levels were
higher in moderate-severe OSAS group. These findings support
prior studies that found no change in CRP levels. However,
the results may be due to the fact that blood samples for
CRP measurement were drawn in the morning or statistical
difference between groups in terms of BMI.

It has been shown in various studies that blood levels of
hepcidin, which play an important role in the regulation of
iron metabolism, increase in chronic inflammatory states
while they decrease in hypoxia (30,32). Given the alternating
hypoxy/reoxygenation periods throughout the night in OSA,
it is likely that hepcidin levels will vary. In the present study,
although evening hepcidin levels were found to be lower in
the group with moderate-severe OSAS than the group with
no or mild OSA, change in hepcidin levels were found to be
higher in the group with moderate-severe OSA. This suggests
that inflammation, induced by hypoxy/reoxygenation
episodes repeated throughout the night, may account for
the increase in morning hepcidin levels. We found those with
moderate-severe OSAS had lower evening hepcidin levels.
The observation that hepcidin levels increase throughout
the night and decrease constantly over the day supports the
idea that hepcidin has a diurnal rhythm (33). Decrease in
evening levels of hepcidin in patients with moderate-severe
OSAS may be related to the late effects of hypoxy episodes
through the night. This suggests that there is a suppression
of hepcidin through the day, because the same patients have
high levels of hepcidin in the morning (just after sleep). This
might be a compensation mechanism of the body, rather
than due to anemia. Hepcidin blocks iron absorption and
causes hypoferrinemia and chronic disease anemia, thus this
mechanism may play an important role in OSAS and may help
to explain why AHI was negatively correlated with evening
hepcidin levels.

There was a significant increase of hepcidin levels from
evening to morning in moderate-severe OSAS group. The
major regulators of hepcidin blood levels are: Iron status,
anemia, hypoxia and inflammation (34). Hepcidin synthesis
is induced by iron loading and inflammation and suppressed
by iron deficiency, hypoxia and erythropoesis. These complex
regulations are not fully understood (35,36), but the induction
of hepcidin synthesis by inflammation has been shown to be
interleukin-6-dependent (22,37,38). Intermittent hypoxemia
occurring in OSAS can stimulate transcription factors such as
nuclear factor-kB and increase production of cytokines like
IL-6 (39). Upper airway mechanical tissue injury and systemic
hypoxia may contribute to inflammation in OSAS (1,10). The
inflammatory mechanism may explain the meaningful increase
of hepcidin during sleep in OSA.

Inflammation is one of the major regulators of rapid increase
of hepcidin levels and consequent induction of hypoferremia
(19,22). On the other hand, using animal models, it was
demonstrated that hepcidin could be repressed despite
inflammation (40,41).

Blood hepcidin levels change in a similar manner of ferritin. Both
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hepcidin and ferritin levels decrease with low iron stores and
increase as storage iron increases. Similar to ferritin, hepcidin
increases with inflammation, confounding the evaluation of
iron status (42). None of our patients have hypoferrinemia
(because of exclusion criteria), thus none of them have high
hepcidin levels during the daytime.

Obesity itself causes chronic inflammation which is related
with the expression of pro-inflammatory cytokines such as IL-6
and TNF-a. (43). IL-6 is shown to be an important activator
of hepcidin expression during inflammation in several studies
(20,22,38). Also elevated levels of hepcidin in tissue of severe
obese patients and positive correlation between adipocyte
hepcidin expression and BMI were demonstrated (44).

There are some limitations of the present study. The study
groups included few numbers of cases and the control group
was not composed of completely healthy individuals. The fact
that we did not use more sensitive markers for inflammation
in OSAS such as “IL-6” and “high sensitive CRP” might have
contributed to the insignificant correlations between CRP levels
and data such as AHi and ODI, which reflect the severity of OSA.

Discussion

OSAS is characterized by repetitive periods of upper airway
collapse resulting in cyclic periods of hypoxia/reoxygeneration
and causes increased generation of oxygen species by oxidative
stress and inflammation. Several studies have demonstrated
that IL-6 is an important activator of hepcidin expression during
inflammation. Among patients with moderate-severe OSA,
significant increases in Hep E levels and change in Hep E to Hep
M levels were found. Hepcidin may be a useful marker for the
detection of hypoxy/reoxygenation episodes and inflammation
in OSA.
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