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ABSTRACT

Introduction: Obstructive sleep apnea syndrome(OSAS) and Non-Thyroidal Ilness
Syndrome(NTIS) are two separate disorders associated with inflammatory response to hypoper-
fusion/hypoxia.We investigated the presence of NTIS in subjects with OSAS and the relationship
between thyroid hormone levels and the severity of OSAS.

Materials and Method: Study group composed of 146 subjects (52 male, 94 female), who
underwent polysomnography and grouped as non-OSAS (AHI<5, n=22), mild-OSAS (5=AHI<15,
n=49) and moderate-severe OSAS (AHIz15, n=75). Thyroid ultrasound was performed and
plasma levels of thyroid hormones,C-reactive protein (hs-CRP), anti-thyroglobulin and anti-thyroid
peroxidase antibodies were measured.

Results: Study population consisted of 146 subjects [52/94(F/M)] with a mean age of
45,9+9.8. Oxygen desaturation index (ODI), mean and minimum oxygen saturation (minSa0,),
time spent under Sa0, 0f<90% and hs-CRP levels were statistically different between three
groups (p<0.05). Ten patients (6F/4M; %13.3) were found to have NTIS, all of them were in the
moderate-severe group. Serum average TSH, free-T3 and free-T4 levels were not significantly
different (p>0.05) in OSAS patients compared to non-OSA subjects.Mean age and ODI were
negatively correlated with free-T4 levels (r-189, p<0.05), while minSaO, was positively
correlated with free-T4 levels.Only age was negatively correlated with free-T3 levels.

Conclusion: NTIS is more frequent in OSAS patients and associated with the severity of
OSAS. NTIS may be a predicting factor for mortality and severity of OSAS.In order to show the
relationship between NTIS and OSAS, further randomized controlled studies are needed before
and after treatment of OSAS.
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HASTA OTROID SENDROM iLE OBSTRUKTIF

UYKU APNE SENDROMU ARASINDAKI ILISKI
Oz

Giris: Obstriktif Uyku Apne Sendromu (OUAS) ve Hasta Otroid Sendrom (HOS) Hipoksi/re-
perflizyon sonucu gelisen inflamasyon cevabinin eslik ettigi iki farkl hastaliktir. OUAS'lu hastalar-
da HOS varligi ve troid hormon seviyeleriyle OUAS derecesi arasindaki iliski incelenmistir.

Gereg ve Yontem: Calismaya 146 olgu alindi. Tim olgulara polismonografi uygulanarak Ap-
ne Hipopne indekslerine (AHI) gére OUAS olmayan (AHI<5, n=22), hafif derece-OUAS
(5=AHI<15,n=49) ve orta-agdir derece OUAS (AHI=15, n=75) olarak 3 gruba ayrildi.Tiroid ulrason,
troid hormonlari, HSCRP, anti-troglobin ve anti-troid peroksidaz antikorlari 6lcuildu.

Bulgular: Calismaya alinan 52 kadin ve 94 erkek olgunun ortalama yasi 45.9+9.8 idi.Oksijen
desaturasyon indeksi (ODI), gece ortalama ve en dustk oksijen saturasyonu(minSa0O,), Sa-
0,<%90 altinda gegen stire ve HsCRP degerleri her Ug¢ grup arasinda istatistiksel anlamli olarak
farkh bulundu (p<0.05). HOS tesbit edilen on hastanin (6K/4E, %13.3) hepsi orta-agir OUAS gru-
bundaydi. Serum ortalama TSH, serbest-T3 ve serbest-T4 seviyeleri OUAS'lu grupta OUAS olma-
yan gruba gdre dustk olsa da fark anlamli degildi (p>0.05). Olgularin yasi ve ODI degerleri ser-
best T4 degerlerine gére negativ yonde korelesyon gésterirken (r:-189, p<0.05), minSaO, positif
yonde koreleydi. Serbest T3 ise sadece yas ile negatif korelasyon g&steriyordu.

Sonug: OUAS'lu olgularda HOS sikligi hastaligin agirlik derecesine bagl olarak (AHI>15) da-
ha fazla gériilmektedir. OUAS'Iu olgularda HOS varligi, hastaligin agirlik derecesi ve mortalite gés-
tergeci olarak yorumlanabilir. ileride yapilacak calismalar hastaligin tedavisinin mortalite hizlarina
etkisini inceleyecektir.

Anahtar Sézciikler: Yasl; Hasta Otroid Sendrom; Obstruktif Uyku Apne Sendromu.

121



RELATIONSHIP BETWEEN NON-THYROIDAL ILLNESS SYNDROME AND OBSTRUCTIVE SLEEP APNEA SYNDROME ]

INTRODUCTION

bstructive sleep apnea syndrome (OSAS) is characterized
Oby repetitive, complete or incomplete upper airway
obstructions resulting in intermittent hypoxia during sleep
(1). Re-oxygenation and re-perfusion attacks caused by inter-
mittent hypoxia leading to activation of inflammatory cells
and increased release of cytokines particularly interleukin-1
(IL-1), interleukin-6 (IL-6), tumor necrosis factor alpha
(TNF-0) and generation of reactive oxygen species (2).
Breathing cessation, intermittent hypoxia, continuous
arousals and sleep fragmentation could activate both the sys-
temic sympathetic and hypothalamic-pituitary axis (HPA)
limbs of the stress system. Sympathetic activation and HPA
dysregulation have also been proposed as potential triggering
mechanisms for systemic inflammatory response in OSAS
(3,4) and to be responsible for metabolic outcomes. Although
mechanistic links are still controversial, OSAS has many seri-
ous consequences mostly related to the increased risk of car-
diovascular diseases due to oxidative stress and inflammation.

Non-thyroidal illness syndrome (NTIS) is characterized
by low circulating levels of thyroid hormone but inappropri-
ately low or normal thyroid stimulating hormone (TSH) and
diminished TSH pulsatility, suggesting the presence of cen-
tral hypothyroidism (5). The condition has also been called as
euthyroid sick syndrome. NTIS can be induced by a number
of conditions including sepsis, trauma, burns, surgery, and
cardiovascular disease (6). There is growing evidence about
the role of inflammatory cytokines (especially IL-1, IL-6,
TNF-a) in NTIS pathogenesis (5,7) most of which play
important roles as mediators of inflammatory response in
hypoperfusion/hypoxia, oxidative stress and HPA dysregula-
tion as well as in OSAS. Thyroid hormone levels in NTIS neg-
atively correlate with the severity of the underlying disease
and low thyroxin (Ty) levels are known to be associated with
increased mortality (6-8). However the dilemma of whether
or not to treat these patients remains unresolved (7). OSAS
and NTIS can be two co-morbid conditions while one may
lead to the other. In this study we investigated the presence
of NTIS in OSAS patients and the relationship between the
thyroid hormone levels and the severity of OSAS.

MATERIALS AND METHOD

Study Subjects

Two hundred and five subjects with sleep disorders based on
the presence of witnessed apnea, snoring or daytime sleepiness

were enrolled for the study. Subjects with existing thyroidal
disease, acute or chronic other medical conditions or who were
on medications were excluded. Study subjects underwent
polysomnography, thyroid ultrasound and laboratory tests
including complete blood count, complete metabolic panel,
thyroid hormones, high sensitivity C-reactive protein (hs-
CRP), anti-thyroglobulin (anti-TG) and anti-thyroid peroxi-
dase (anti-TPO) antibodies. Fifty-nine patients who had
abnormal thyroid ultrasound (USG) and/or laboratory results
showing abnormal hepatic/renal functions, abnormal com-
plete blood count and antibody positivity were excluded.
Finally, 146 subjects were included in the study. Our study
was conducted between September, 2009 and April, 2010.
The study complied with the declaration of Helsinki and was
approved by the local research ethics committee. Informed
consent was obtained from all subjects.

Methods and Definitions

Study subjects participated in a full montage diagnostic
polysomnography. Polysomnography (Compumedics E
Series®) records were analyzed by one physician, and reviewed
using Profusion PSG 3 software. The diagnosis and severity of
obstructive sleep apnea was based on the definitions and cut-
offs for apnea-hypopnea index (AHI) recommended by the
American Academy of Sleep Medicine in 2007. Study popu-
lation was divided into three groups according to the apnea-
hypopnea indices as non-OSA (AHI<5), mild OSAS
(5£AHI<15) and moderate-severe OSAS (AHI = 15).

Blood samples were collected after an overnight fasting for
complete blood count, basic metabolic panel, thyroid func-
tion test (TFT) including free tri-iodothyronine (fT5), free
thyroxin (fT), thyrotrophic hormone (TSH), and anti-thyroid
antibodies, anti-TG and anti-TPO. The serum T, fT, TSH,
Anti-TPO and Anti-TG levels were measured by ECLIA
(electro-chemiluminescence immunoassay) method with a
commercially available kit (Immulite 2000, Bio DPC, Los
Angeles, CA, USA) with normal ranges for TSH: 0.27-4.2
mlIU/mL, fT4 0.93-1.7 ng/mL, {T;: 2.0-4.4 pg/mL, Anti-
TPO: 5-60 U/mL, and for Anti-TG: 10-115 IU/mL. High
sensitivity CRP levels were measured by highly sensitive
immunoturbidimetric assay method. The hs-CRP serum lev-
els < 3 mg / L were accepted to be within the normal range.
The participants who had less than 0.93 ng/ml of fT4and/or
less than 2.0 pg/mL of fT}; levels with normal TSH, negative
anti-TG and anti-TPO antibodies, and normal thyroid USG
were considered as having NTIS.
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Statistical Analyses

Data analysis was performed by using SPSS for Windows, ver-
sion 16.0 (SPSS Inc., Chicago, IL, United States). Whether
the continuous variables were distributed normally or not was
determined by Shapiro Wilk test. Levene test was used for
evaluation of homogeneity of variances. The mean differences
among groups were compared by using One-Way ANOVA,
otherwise, Kruskal Wallis test was applied for comparisons of
the median values. Nominal data were analyzed by Pearson’s
Chi-square test. The degree of association between continuous
variables was analyzed by Spearman’s correlation test. The
variables, which had a significant correlation with thyroid
hormones, were evaluated in the linear regression analysis
models to assess the independent associations. A p value less
than 0.05 was considered statistically significant.

RESULTS

he study population consisted of 146 subjects with a mean
Tage of 45.9 +9.8 years. There were 52 females (F) and 94
males (M). The distribution of the subjects (F/M) among the
groups was 8/14 for non-OSA group, 17/32 for mild OSAS
and 27/48 for moderate — severe OSAS. The ratio of genders,
mean age, the number of former smokers and the amount of
alcohol consumption were not statistically different between

the groups. However body mass indices (BMI-kg/m2) were
higher in moderate-severe OSAS patients compared to non-
OSA group (p=0.03). On the other hand apnea-hypopnea
indices, oxygen desaturation indices (ODI), minimum oxygen
saturation (Sa0,) levels during night and time spent (min-
utes) under Sa0, <90% (T 90) and hs-CRP levels were statis-
tically different between the three groups, sleep efficiency and
total sleep time and daytime arterial blood gas analysis (PO2,
PCO2, Sa02) were similar (Table 1). In post-hoc analysis
with Tukey’s test; Moderate-severe OSA group was signifi-
cantly different from non-OSA and mild OSA group
(p<0.01), while there was no significant difference between
non-OSA and mild OSA group.

Mean serum TSH levels were found to be lower in the
OSAS subjects (1.59 and 1.87 mIU/mL respectively) than in
the non-OSA subjects (1.99 mIU/mL), but the difference was
not statistically significant between the groups. Mean fT; and
fT; levels in moderate-severe OSAS group (1.19 = 0.21
ng/mL, 3.12 = 0.46 pg/mL) were lower than the non-OSAS
(1.27 ng/mL, 3.17 pg/mL) and mild OSAS groups (1.25
ng/mL, 3.24 pg/mL) but the difference was not significant.
Non-thyroidal illness syndrome was not determined in either
the non-OSAS or the mild OSAS group, but all of the 10
(13.3%) patients (6 F / 4 M) with NTIS were in the moder-
ate-severe OSAS group (AHI: 40.5 = 8.2 (SEM) (18-102). Six

Table 1— Polysomnographic Findings and Blood Sample Analysis of The Groups

Non-OSAS Mild OSAS Moderate-Severe OSAS
(n=22) (n=49) (n=175) P

Sleep Efficiency (%) 89.1 (68.5-97.5) 88.6 (61.6-99.3) 89.6 (65.6-99.3) 0.42
Total Sleep Time (minute)* 372.7 £ 44 370.1 £ 44.7 377.1£42.2 0.67
AHI 2.4 (0.3-4.6) 9 (5.3-14.9) 37.2 (15.1-110.6) <0.001
oDl 1.7 (0-6.7) 6.6 (1.1-12.1) 37.2 (11.2-108.5) <0.001
T90 (minute) 0.28 (0-6) 3.8 (0-99) 17.6 (0-85) <0.001
Mean. SaO, 94 (92-97) 94 (88-97) 1 (72-96) <0.001
Min. a0, 89 (85-93) 86 (69-92) 9 (53-92) <0.001
pO,* 83.1+ 9 80.5+ 9.5 79997 0.48
pCO,* 349 +38 36 + 3.6 36.5+3 0.22
Sa0, 96.2 (93.2-98.8) 95.3 (84.5-98.5) 95.5 (88.5-98.3) 0.60
fT3* 3.2+0.5 3.2+0.5 3.1+ 0.5 0.38
fT4* 1.3+ 0.1 1.3+0.1 1.2+0.2 0.13
TSH* 2+0.7 1.6+£09 1.9+09 0.10
hs-CRP 1.73 (0.15-6.86) 2.3(0.3-7.2) 3.9 (0.3-10.4) <0.05
Anti-T 13.1(9-50.7) 13.3 (4-67.4) 13.2 (9-88.7) 0.59
Anti-M 5.3 (4-14.2) 6.6 (0.2-33.3) 7.2 (4-44.9) 0.71
*Distribution is normal.
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Table 2— Correlation Between Thyroid Hormones and Patient Related Factors

fT3 fT4 TSH
Age rho -0,254** -0,189* -0.043
p 0,002 0,022 0,604
BMI rho -0,052 0,133 0,124
p 0,53 0,109 0,136
pO, rho 0,077 0,139 -0,034
p 0,399 0,129 0,714
pCO, rho 0,092 0,018 0,002
p 0,31 0,843 0,984
sO, rho 0,109 0,103 -0,032
p 0,227 0,256 0,726
AHI rho -0,046 -0,146 0,031
p 0,578 0,079 0,713
790 rho -0,098 0 0,104
p 0,241 0,991 0,214
oDl rho -0,074 -0,189* 0,052
p 0,394 0,027 0,546
Min_O,_sat rho 0,148 0,275** -0,071
p 0,076 0,001 0,399
Mean_O,_sat rho 0,077 0,101 -0,057
p 0,354 0,226 0,491
HsCRP rho -0,137 -0,06 0,038
p 0,117 0,495 0,661

of the 10 patients with NTIS had an AHI>30. One patient
had NTIS with low free T5 and Ty levels, but all the others
had NTIS with low T} levels only.

We also wanted to see the degree of association between
T3, fT4, TSH and the parameters known to affect inflamma-
tion for all subjects. We found that age and ODI were signif-
icantly and negatively correlated with fT4 levels, while
Minimum SaO, of the night was positively correlated. Only
age was also negatively correlated with fT3 levels. There were
no correlations with other parameters (Table 2).

Linear regression analysis model was used to assess the
independent association between FT4 and ODI: After adjust-
ment for age, ODI was significantly associated with FT4
(beta= -0.001, 95%CI: -0.003 to 0, p = 0.046).

DiscussIiON

n this study we investigated the relationship between the
Iseverity of OSAS and the presence of non-thyroidal illness
syndrome (NTIS), both of which likely have common etio-
pathogenesis corresponding to inflammation and stress. We
showed that non-thyroidal illness syndrome (N'TIS) was more

frequent in moderate-severe OSAS patients with AHI >15
than non-OSA or mild OSA subjects (AHI<15). Obstructive
sleep apnea is an increasingly prevalent condition which is
related to serious cardiovascular and endocrine complications
such as atherosclerosis, hypertension and diabetes. There is
growing experimental and clinical evidence about the role of
hypoxia in the inflammatory response which has been pro-
posed for this causal relation (9,10). Sleep fragmentation sec-
ondary to arousal caused by apneic episodes has been shown to
activate the hypothalamic-pituitary-adrenal axis, mediate the
reaction to acute physical-psychological stress and disrupt
secretion of certain hormones (11-13). In numerous studies,
arousals have been associated with elevated cortisol and cate-
cholamine in patients with OSAS (3,11-14). In a study, cor-
ticotropin-releasing hormone (CRH) administration resulted
in a higher corticotropin (ACTH) response in apneic patients
suggesting that in non-distressed subjects, HPA axis activity
is lower due to hyposecretion of hypothalamic CRH (15).
Hypoxia can also have a direct effect on HPA and peripheral
endocrine functions via central neurotransmitters (12,13).
Proposed mechanisms to explain hormonal abnormalities (low
free T3 and/or free T4, normal and mostly low TSH levels) in
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NTIS are multi-factorial and related to the severity of disease.
Bratel et al (14) found that severity of airway obstruction is
associated with reduced basal and stimulated TSH levels in
patients with chronic obstructive pulmonary disease. In our
study, patients with OSAS had lower TSH levels than sub-
jects with AHI less than 5, although this finding was not sta-
tistically significant. The serum TSH levels at the lower limit
of normal range in N'TIS may be explained by central inhibi-
tion of pituitary TSH production. In a recent study patients
with NTIS had lower TRH-mRNA levels in hypothalamic
paraventricular nuclei (16). Van De Berghe and colleagues
established elevation in TSH, Ty, T levels respectively after
TRH administration to NTIS patients (17). These findings
suggest that hypothalamic dysfunction can be the reason for
NTIS as well in OSAS patients. Moreover, hypothalamic
TRH production and other TRH related events can be
induced by cytokines and glucocorticoids. Diurnal variation
of glucocorticoid concentrations were supposed to affect pitu-
itary response to TRH and be responsible for diurnal changes
in TSH. Benker G claimed that high cortisol levels in
Cushing’s disease suppress pituitary response, as well as TSH
and thyriod hormone levels (18). Many factors -discussed
above- known to induce stress in OSAS (11-14), therefore
stress induced hypercortisolemia may be the reason of NTIS
in OSAS, especially in severe patients (AHI>30) with deeper
hypoxemia.

The relationship between proinflammatory cytokines
(particularly IL-1, IL-6 and TNF-a) and sleep disorders has
been evaluated, as well as in NTIS, and some common results
were observed. Trakada et al (11) demonstrated that IL-6 and
TNF-a levels were significantly elevated in patients with
sleep apnea and positively correlated with the severity of the
disease. Vgontzas et al showed elevated levels of TNF-a and
IL-6 in sleep apnea patients independent of obesity (19). On
the other hand, elevated levels of TNF-o were related with
many causative conditions for NTIS. Stoutard and colleagues
(20) showed TSH suppression after short term IL-6 infusion
while Mastorakos G (21) showed that increased secretion or
exogenous administration of IL-6 to humans were associated
with excessive daytime sleepiness. Interleukin-1 is another
crucial cytokine which is involved in physiological sleep reg-
ulation with a circadian pattern and also its level is known to
be increased in sleep disorders (13). Hermus et al infused IL-
1 to rats and showed a decrease in TSH, T3, T4 levels (22).
There are a number of speculations for NTIS formation, the
most popular one is the increased IL-1 levels which disrupt
hormone production in the thyroid. In summary, inflamma-

tory cytokines may play an important role in the pathogene-
sis of N'TIS in patients with OSAS. This role should be eluci-
dated by further studies, especially before and after treatment.
We did not measure the cytokine levels; this is one of the lim-
itations of our study. However we measured hs-CRP levels as
a marker of inflammation and we found a significant differ-
ence between groups (p=0.03).

Thyroid hormone levels (free T3, T4) in NTIS are known
to correlate with the severity of underlying disease. For exam-
ple, in critically ill patients thyroxin levels of less than 4 Ig/dl
increases the risk of death to 50%, and accordingly when lev-
els of T4 fall to less than 2 Ig/dl, mortality increases even
more, up to 80%. The decrease in serum T3 levels occurs in
the acute phase and it persists in the chronic phase, whereas
the drop in free T4 and TSH levels is associated with the pro-
longed phase of the illness (23,24). In our study, serum T4
levels were significantly lower in severe OSAS patients while
T3 levels were not. However, it is still controversial whether
these changes reflect a protective mechanism or a maladaptive
process during prolonged illness. Our results may be associat-
ed with moderate to severe iodine deficiency which is still
present in 27.8% of the Turkish population (25). Chronic
iodine deficiency may lead to increased production of T3 by
the thyroid gland as an adaptation mechanism. Accordingly,
thyroid hormone levels should be investigated in iodine defi-
cient areas. In our study none of the patients had hepatic or
renal insufficiency that could alter type 1 deiodinase activity.
The effects of cytokines on enzyme activities may also be the
cause of thyroid hormone alterations. On the other hand in
many studies, the thyroid autoimmunity has not been consid-
ered to have potential effects on serum thyroid hormone lev-
els. In our study we measured anti-TPO and anti-TG levels
and the patients with positive antibodies were excluded.
Patients who had parenchymal heterogeneity in thyroid ultra-
sonography were also excluded despite normal laboratory
tests, in order to eliminate any stages of acute or chronic thy-
roiditis.

Finally, treatment of N'TIS has been shown to reduce mor-
tality rates in a considerable number of studies although it is
controversial. NTIS can be an indicator for mortality and
severity of the disease in OSAS which may be used to assess
response to therapy or possibly as a robust marker of disease
severity. Further studies should be conducted to investigate
the effects of treatment on mortality rates. In conclusion, we
found that NTIS is more frequent in OSAS patients and is
related to the severity of OSAS. Although there is no adequate
data about the mechanism of N'TIS in OSAS patients, we sug-
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gest that NTIS may predict the severity/prognosis of OSAS.
In order to show the relationship between NTIS and OSAS,
further randomized controlled studies are needed, before and
after treatment of OSAS.
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