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NONTHYROIDAL ILLNESS SYNDROME IN
SEVERE CHRONIC OBSTRUCTIVE PULMONARY
DISEASE EXACERBATIONS IN THE ELDERLY

ABSTRACT

Introduction: Aging is often associated with decreased serum triiodothyronine levels. The-
re is growing evidence that critical illness can cause thyroid dysfunction and nonthyroidal illness
syndrome. Elderly patients with severe chronic obstructive pulmonary disease exacerbations may
be more prone to thyroid function impairment. We evaluated nonthyroidal illness syndrome inci-
dence in elderly patients with chronic obstructive pulmonary disease during severe exacerbations
and the possible impact on short-term prognosis.

Materials and Method: Elderly patients (=65 years) admitted with a diagnosis of acute res-
piratory failure due to an acute exacerbation were included in the study. All patients were eva-
luated for thyroid function and its relationship with clinical outcomes.

Results: Forty-four patients with a median age of 71.5 years were included. Nonthyroidal ill-
ness syndrome incidence was 65.9% (n = 29) and it was related with increased noninvasive ven-
tilation failure rate (p=0.04). Compared with survivors, nonsurvivors had lower triiodothyronine
levels (p=0.02). Only the Glasgow coma score and noninvasive ventilation failure were found to
be independent predictors of hospital mortality in logistic regression analysis.

Conclusion: In this study, nonthyroidal illness syndrome was found to be relatively common
in elderly patients with chronic obstructive pulmonary disease having severe exacerbations. The
presence of nonthyroidal illness syndrome in these high-risk patients may affect response to tre-
atment, and eventually, outcomes.

Key Words: Pulmonary Disease, Chronic Obstructive; Disease Progression, Aged; Euthyroid
Sick Syndromes; Triiodothyronine; Mortality.

§ ARASTIRMA

ILERI YAS KOAH HASTALARINDA AGIR
ALEVLENMEDE NONTIROIDAL HASTALIK
SENDROMU

Oz

Giris: Yaslanma genellikle serum triiodotironin seviyesinde azalma ile iliskilidir. Ayrica kritik
hastalik varliginda tiroid disfonksiyonu ve nontiroidal hastalik sendromu gelistigine dair kanitlar
glin gectikce artmaktadir. Ozellikle kronik obstriiktif akciger hastaligi olan ileri yastaki hastalar bu
durumun gelismesi icin yatkin olabilir. Bu calismada ileri yastaki kronik obstrtiktif akciger hastalr-
g1 olan olgularda agir alevlenme esnasinda nontiroidal hastalik sendromu gelisim sikligini ve kisa
ddnem prognoza etkilerini degerlendirmeyi amacladik.

Gereg ve Yontem: Kronik obstruiktif akciger hastaligi akut alevlenmesi ile akut solunum yet-
mezligi gelisen yasl hastalar (=65yas) calismaya dahil edilmistir. Hastalarin demografik ve klinik
6zellikleri ile hastane basvurusundaki tiroid fonksiyonlari kaydedilmis ve klinik sonuclara etkisi de-
gerlendirilmistir.

Bulgular: Kirk dort hasta (ortanca yas 71,5) calismaya dahil edilmistir. Nontiroidal hastalik
sendromu gdrulme sikligr %65,9 (n=29) olarak bulunmustur ve nontiroidal hastalik sendromu
olan hastalarda noninvaziv ventilasyon basarisizli§i daha sik saptanmistir (p=0,04). Sagkalan has-
talar ile karsilastirldiginda élen hastalarin ortanca triiodotironin seviyelerinin daha ddstk oldugu
gordlmustur (p=0,02). Hastane mortalitesi icin yapilan lojistik regresyon analizinde sadece Glas-
gow koma skoru ve noninvaziv ventilasyon basarisizligi bagimsiz faktérler olarak bulunmustur.

Sonug: Bu calismada ileri yastaki kronik obstruiktif akciger hastaligi agir alevlienmesinde non-
tiroidal hastalik sendromu varligi sik saptanmistir. Yuksek riskli gruplarda nontiroidal hastalik sen-
dromu tedaviye yaniti ve dolayisi ile klinik sonuglari etkileyebilir.

Anahtar Sozctikler: Kronik Obstruktif Akciger Hastaligi; Alevleme; Yasli; Nontiroidal Hastalik
Sendromu; Triiodotironin; Mortalite.
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INTRODUCTION

ging is an important factor associated with impaired
Athyroid function, and several changes in thyroid hormone
secretion, metabolism, and action occur with increasing age
(1). Impaired thyroid function can present as subclinical
hypothyroidism, overt hypothyroidism, and nonthyroidal ill-
ness syndrome (NTIS). Nonthyroidal illness syndrome is cha-
racterized by low serum triiodothyronine (T3) levels with
normal or low thyroid stimulating hormone (TSH) levels. It
is relatively common in elderly patients, with an incidence of
approximately 32%—-62% in the hospitalized geriatric popu-
lation (2-4). The serum T3 level is accepted as a prognostic
biomarker for acutely ill elderly patients and is reported to be
the most sensitive independent predictor for short-term mor-
tality (2). Alterations in thyroid function during hospitaliza-
tion have been associated with long-term mortality in elderly
patients (3). Therefore, clinical consequences of thyroid
dysfunction should be well defined in elderly patients at a
higher risk of death.

Chronic obstructive pulmonary disease (COPD) is a major
cause of morbidity and mortality worldwide, resulting in pre-
mature death because of its complications (5). It’s expected to
be the third cause of death in 2020. Chronic obstructive pul-
monary disease is now considered to be a systemic disease be-
cause of ongoing systemic chronic inflammation. Several ef-
fects occurring outside the lungs are often associated with ex-
trapulmonary abnormalities and have been described as syste-
mic effects of COPD. Cardiovascular disease, skeletal muscle
dysfunction, metabolic syndrome, diabetes, osteoporosis, dep-
ression, and lung cancer are the most commonly described co-
morbid conditions. Among endocrinological disorders, thyro-
id abnormalities are often observed in patients with COPD
(6,7). Impaired thyroid function can present as subclinical
hypothyroidism, overt hypothyroidism, and NTIS. Of these,
NTIS is the most common issue observed in COPD, reported
in 20% of stable patients and 70% of patients experiencing an
exacerbation (8). However, there are limited data regarding
the impact of NTIS in patients with COPD having severe exa-
cerbations.

Low T3 levels are now accepted as a predictor for poor
outcomes during critical illness (9). Here we evaluated NTIS
incidence in elderly patients with COPD during critical ill-

ness and its correlation with short-term prognosis.

MEeTHODS

Patients

The study was approved by local ethics committee. Elderly
patients (265years) admitted to the intensive care unit (ICU)
with a diagnosis of acute respiratory failure due to COPD exa-
cerbation were included into the study between May 2011
and January 2013. Patients with a known history of thyroid
disease, patients previously administered drugs that may af-
fect thyroid function (oral corticosteroids, amiodarone, and
lithium), and patients who stayed in ICU for <24 h were exc-
luded. The study flowchart is presented in Figure 1. Patients’
demographic characteristics and clinical characteristics inclu-
ding pulmonary function tests from within the previous year
(if available), Glasgow coma score (GCS), acute physiology
and chronic health evaluation (APACHE) II score, blood gas
values, mechanical ventilatory support, length of stay in the
ICU and hospital, and hospital mortality were recorded.

Mechanical Ventilation Support

After ICU admission all patients required mechanical ventila-
tory support due to hypercapnic respiratory failure. Mechani-
cal ventilation support was initiated either invasively or no-
ninvasively according to the degree of respiratory failure and
the patient’s clinical condition. Invasive mechanical ventilati-
on was initiated if intubation was necessary. Noninvasive ven-
tilation (NIV) was performed by experienced ICU staff using
pressure support with an oronasal mask. NIV failure was de-

fined as requiring endotracheal intubation at any time.

Thyroid Function Assessment

Thyroid function assessment was performed within the first
24 h of admission to ICU. Venous blood serum was separated,
serum levels of free T3, free thyroxine (T4), and TSH were de-
termined using an immunoassay (Advia Centaur, Siemens).
The normal ranges were considered to be 2.30-4.20 pg/mL
for T3, 0.74-1.52 pg/mL for T4 and 0.55-4.48 pIU/mL for
TSH. NTIS was diagnosed according to the Turkish Sociery of
Endocrinology and Metabolism guideline (10) and defined as
decreased serum T3 levels with normal or decreased TSH le-

vels.

Statistical Analysis

The primary study outcome was the frequency of NTIS in se-
vere exacerbations in elderly patients with COPD. Secondary
outcomes were NIV failure, length of ICU and hospital stay,
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Figure 1— Study flowchart.

and hospital mortality. All continuous variables were expres-
sed as medians with interquartile range (IQR). For bivariate
analysis, categorical variables were compared using the chi-
square test and continuous variables were compared using the
Mann—Whitney U test. Logistic regression analysis with
backward elimination was used to obtain independent predic-
tors for hospital mortality. A two-sided p value of <0.05 was
considered to be statistically significant. All statistical analy-
ses were performed using Statistical Package for the Social
Sciences (SPSS) for Windows program, version 17 (SPSS Inc.,
Chicago, IL, USA).

RESULTS

orty-four patients >65 years were included in the study;
F their general characteristics are presented in Table 1. The
median age was 71.5 (63.5-77.8) years. Spirometric measure-
ment was available in the medical records of 23 patients, and
all patients had airflow obstruction with a median forced ex-
piratory volume in 1 sec (FEV1) of 0.83 L. The most common
comorbidities were hypertension (61.4%) and congestive he-
art failure (50%). All patients had severe hypercapnic respira-

tory failure during admission with a median partial pressure
of carbon dioxide in arterial blood (PaCO,) of 73.8
(62.0-84.0) mmHg and a pH of 7.26 (7.19-7.33). In 36 pa-
tients, initial ventilatory support was with NIV; among
them, 17 required intubation during follow-up. The median
T3 level of the study population was 1.93 (1.60-2.38) pg/ml,
and T3 levels were below normal in 29 patients. There was a
negative correlation between T3 levels and APACHE II score
(r=-0.491, p=0.008; Figure 2). However there was no associ-
ation between T3 levels and the partial pressure of oxygen in
arterial blood (PaO,; data not shown). Intubated patients
(n=25) had lower T3 levels than patients with NIV (1.8 vs
2.31).

Nonthyroidal illness syndrome incidence in the study po-
pulation was 65.9% (n=29). Six patients had low serum T4
levels and these patients had significantly higher APACHE II
scores (41 vs 23; p=0.014). Bivariate analysis between NTIS
positive and negative groups is shown Table 2. Median (IQR)
T3 levels were 1.8 (1.3—1.9) pg/mL in the NTIS positive gro-
up, whereas they were 2.6 (2.3-2.8) pg/mL in the NTIS ne-
gative group. On admission, NTIS positive patients had a lo-
wer pH than NTIS negative patients {7.22 (7.15-7.30) and
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Table 1— General Characteristics of The Study Population (n = 44)

Male gender

32 (72.7)

Age (years)

71.5 (65.5-77.8)

Smoking history

Smokers 9 (20.5)
Ex-smokers 23 (52.3)
Never smokers 12 (27.3)
FEV1*
Liters 0.85(0.58-1.26)
% of predicted 31.7 (19.6-42.6)
GCS 15 (8-15)
APACHE I score 24 (18-34)

Admission arterial blood gases
pH

7.26 (7.19-7.33)

PaCO, (mmHg)

738 (62.0-84.0)

PaO, (mmHg)

52.5 (39.4-64.6)

Thyroid function
T3 (pg/mL)

1.93(1.60-2.38)

T4 (pg/mL)

1.04 (0.90-1.22)

TSH (uIU/mL)

0.68(0.18-1.25)

Presence of NTIS 29 (65.9)
Initial ventilatory support
Noninvasive 36 (81.8)
Invasive 8(18.2)
NIV failure 17 (38.6)

Length of ICU stay (days)

75.0 (9.5-22.5)

Length of hospital stay (days)

6.0 (11.5-24.0)

Hospital mortality

76 (36.2)

*Available in 23 patients.

7.31 (7.28-7.306) respectively, p=0.01}. Patients with NTIS
had a higher NIV failure than patients without NTIS (60.9%
and 23.1% respectively; p = 0.04). There were no statistically
significant differences between the two groups for the length
of ICU and hospital stay or hospital mortality.

Sixteen patients (36.4%) died during their hospital stay.
Table 3 shows the characteristics of survivors and nonsurvi-
vors. Compared with survivors, nonsurvivors had lower GCS
scores {15 (14.5-15.0) vs 8 (4.5-12.5); p<0.01}, higher
APACHE II scores {20 (16-27) vs 27 (23-41); p=0.02}, a
higher NIV failure rate (21.4% vs 68.8%; p < 0.01) and lo-
wer T3 levels [2.0 (1.73-2.55) vs 1.8 (1.13-2.0) pg/mL;
p=0.02}. Only GCS score and NIV failure were found to be
independent predictors of hospital mortality in logistic reg-
ression analysis (Table 4).

DiscussION

here is growing evidence that critical illness causes thyro-
Tid dysfunction. We hypothesized that elderly patients

[a]
-}

[+]
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Figure 2— Negative correlation between T3 levels and APACHE Il (r =
-0.491; p<0.01)

with COPD who are critically ill due to a severe exacerbation
may be more prone to thyroid function impairment. In this
study, we found that NTIS was relatively common (65.9%) in
this patient population. Nonthyroidal illness syndrome inci-
dence has been reported to be as high as 60%-70% in criti-
cally ill patients (11). Plikat et al reported N'TIS incidence to
be 44.1% in medical ICUs, and in another study by Wang et
al low levels of thyroid hormones were found in nearly half of
the patients (9,12).

Thyroid dysfunction in pulmonary diseases has been stu-
died less. NTIS incidence was approximately 50% in patients
with respiratory failure in one study (13). With regard to pa-
tients with COPD, there are different incidence rates for stab-
le periods and exacerbations; however, most studies show that
exacerbations result in decreased T3 levels (8,14). A study
performed by Karadag et al reported that NTIS incidence was
20% in patients with stable phase COPD; however, it was 70
% in patients with exacerbations (8). Reportedly, average T3
levels were lower in patients with COPD exacerbations than
in both stable COPD cases and controls (14). Another study
demonstrated that thyroid function was restored after the exa-
cerbation resolved (15). These data show that COPD exacer-
bations are disease periods characterized by prominent thyro-
id dysfunction. Significant inflammatory responses may be
responsible for changes in the neuroendocrine axis and hor-
monal profile, which could cause a decrease in T3 levels du-

ring exacerbations.
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Table 2— Bivariate Analysis of Patients According to Presence of NTIS

NTIS (-) NTIS (+)
n=15 n=29 p
GCS 15 (15-15) 1(6-15) 0.01
APACHE Il score 19 (17-24) 27 (19-39) 0.02
Admission arterial blood gases
pH 7.31(7.28-7.36) 7.22 (7.15-7.30) 0.01
PaCO, (mmHg) 77.0 (62.0-86.1) 71.8 (61.3-83.9) 0.68
PaO, (mmHg) 49.4 (43.2-67.3) 53.0 (38.5-64.1) 0.76
Initial ventilatory support
Noninvasive 3(86.7) 3(79.3) 0.70
Invasive 2(13.3) 6(20.7)
NIV failure 3 (23.1) 14 (60.9) 0.04
T3 (pg/mL) 2.60 (2.30-2.80) 1.80 (1.25-1.93) <0.01
T4 (pg/mL) 1.23 (1.16-1.34) 0.98 (0.82-1.10) <0.01
TSH (uIU/mL) 0.52 (0.14-1.36) 0.73 (0.19-1.04) 0.85
Hospital mortality 3(20.0) 13 (44.8) 0.19

Table 3— Bivariate Analysis According to Hospital Mortality

Survivors Nonsurvivors
n=16 n=28 p

Male gender 1(68.8) 9 (65.5) 0.73
Age (years) 74.0 (66 5-79.5) 71.0 (62 0-74.0) 0.09
GCS 8(45 12.5) 15(145 5) <0.01
APACHE Il score 0 (16-27) 7 (23-41) 0.02
Admission arterial blood gases

pH 7.23 (7.20-7.35) 7.28 (7.19-7.33) 0.62

PaCO, (mmHg) 76.6 (63.4-86.6) 73.4 (60.9-81.2) 0.40

PaO, (mmHg) 51.7 (39.0-61.3) 54.2 (40.2-66.5) 0.57
Initial ventilatory support

Noninvasive 1(68.8) 25 (89.3) 0.12

Invasive 5(31.3) 3(10.7)
NIV failure 1(68.8) 6 (21.4) <0.01
Length of ICU stay (days) 17.5 (12 3-35.0) 13.0 (9.0-20.5) 0.25
Length of hospital stay (days) 17.5 (12 3-35.0) 15.0 (11 0-22.0) 0.24
NTIS 3(81.3) 6 (57.1) 0.19
T3 (pg/mL) 1.80 (1 12-2.00) 2.0 (1 73-2.55) 0.02
T4 (pg/mL) 0.98 (0.73-1.17) 1.12 (0.92-1.28) 0.12
TSH (ulU/mL) 0.53 (0.22-1.80) 0.72 (0.16-1.03) 0.59

Table 4— Independent Factors for Hospital Mortality

95%
Odds ratio Confidence Interval 9]
APACHE Il score 0.92 0.81-1.05 0.26
GCS 0.72 0.53-0.98 0.04
NIV failure 36.3 3.23-408.10 <0.01
T3 0.19 1.02-2.32 0.19
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Our study indicates that there was a negative correlation
between T3 and APACHE II score. These results are similar
to previously reported data in the literature; the study perfor-
med by Plikat et al showed that patients with reduced serum
T3 had the highest APACHE II scores (12). Furthermore,
examining thyroid hormone levels in addition to calculating
the APACHE score may improve the prediction of mortality
for patients in ICU (16). In the present study N'TIS was asso-
ciated with lower GCS and higher APACHE II scores. These
scores are considered to be important measures of disease se-
verity and predictors of outcomes in critical illness. Similar to
other critical states, clinicians should consider that patients
with COPD with high APACHE II scores and low GCS have
a higher risk of NTIS during exacerbations.

Previous data have shown that the degree of hypoxemia is
correlated with the T3/T4 ratio in patients with COPD (17).
In our study, all patients were hypoxemic and either noninva-
sively or invasively required mechanical ventilatory support;
however, we could not identify a correlation between the deg-
ree of hypoxemia and T3 levels. This may be because most of
our patients had severe COPD with a predicted FEV1 <30%
and were probably chronically hypoxemic.

Low T3 levels and the presence of NTIS have been repor-
ted as predictors of outcomes in respiratory failure (13,18). We
found that N'TIS was associated with lower pH and an increa-
sed NIV failure rate. The correlation between thyroid impair-
ment and respiratory failure was evaluated in different patient
populations. Plikat et al evaluated 247 (33.2%) of 743 pati-
ents in ICU whose thyroid hormone test results were available
and found that impaired thyroid function was more common
in mechanically ventilated patients than in those without mec-
hanical ventilation (12). For respiratory failure cases, presence
of NTIS increased invasive mechanical ventilation require-
ment (13). Other studies showed that NTIS was correlated
with prolonged ventilation (19,20). All these studies evaluated
invasive mechanical ventilation. However, in our study most
patients were under NIV, and this is the first study evaluating
the correlation between NTIS and NIV failure. Thyroid hor-
mones are critical determinants of metabolic activity in adults,
and they can regulate metabolic rate and, particularly, respira-
tory drive. The impaired respiratory drive in patients with a
low T3 status may result in NIV failure.

Hospital mortality in COPD exacerbation was found to be
36.4% in this study. Hospital mortality in patients with
COPD exacerbations is approximately 11%-24%; however, it
is increased seven-fold in severe exacerbations (21). Repor-
tedly, age is an additional risk factor for mortality; in one

study, patients with COPD>75 years had increased mortality
(22). Another factor associated with increased hospital morta-
lity is the requirement for mechanical ventilation support:
mortality is increased to 25% in patients who need NIV sup-
port. High mortality rate in our study may be associated with
the coexistence of additional risk factors such as severe exacer-
bation, increased age, and mechanical ventilation requirement.

Nonsurvivors had lower GCS and higher APACHE II sco-
res, a higher NIV failure rate, and lower T3 levels. In the lo-
gistic regression model for hospital mortality, only GCS sco-
re and NIV failure were independent predictors for mortality.
NIV failure is accepted as a major risk factor for increased
mortality in COPD exacerbations (23). In the European
COPD audit study, the risk factors for hospital mortality we-
re older age, presence of acidotic respiratory failure, subsequ-
ent ventilatory support requirement, and presence of comor-
bidity (24). Our study population had most of those factors
associated with mortality. Low GCS is considered to be a risk
factor for NIV failure. For elderly hypercapnic respiratory fa-
ilure cases with NIV, a GCS of >9 points is associated with a
better survival (25).

Our study has several limitations. First, the study was per-
formed with a limited number of patients in one center. Se-
cond, we only included elderly patients; therefore, there was
no comparison with younger patients with COPD. However,
comparison with younger patients is not easy because COPD
is a progressive disease and most patients with severe COPD
are >65 years. Third, we did not evaluate survivors after exa-
cerbation for reversal of thyroid dysfunction.

However, we believe that our study has important
strengths. This is the first study evaluating the effect of NTIS
on NIV therapy in a geriatric population. In addition, all pa-
tients had a severe COPD exacerbation with acute respiratory
failure; therefore, we are confident that our sample represents
critically ill elderly patients. Last, COPD will be one of the
major cause of death worldwide in future years and we think
that our results have great value for the management of el-
derly COPD patients.

In conclusion, we suggest that the presence of NTIS may
have an adverse effect on outcomes in elderly patients with se-
vere COPD exacerbations. Whether the low T3 level in these
conditions is an adaptive physiologic response or a result of a
maladaptive state is yet unclear. Because there is no evidence
for tissue hypothyroidism to date, thyroid replacement therapy
is not advised. However, it should be considered that the mag-
nitude of these changes is associated with the underlying di-
sease severity, and further studies are required to evaluate the
significance of N'TIS in the critically ill elderly population.

72



NONTHYROIDAL ILLNESS SYNDROME IN SEVERE CHRONIC OBSTRUCTIVE
PULMONARY DISEASE EXACERBATIONS IN THE ELDERLY

REFERENCES

1.

10.

11.

12.

13.

Tabatabaie V, Surks MI. The aging thyroid. Curr Opin Endoc-
rinol Diabetes Obes 2013;20(5):455-9. (PMID:23974775).

De Alfieri W, Nistico F, Borgogni T, et al. Thyroid hormones
as predictors of short and long term mortality in very old hos-
pitalized patients. J Gerontol A Biol Sci Med Sci
2013;68(9):1122-8. (PMID:23459207).

Iglesias P, Munoz A, Prado F, et al. Alterations in thyroid func-
tion tests in aged hospitalized patients: prevalence, aetiology
and clinical outcome. Clin Endocrinol 2009;70(6):961-7.
(PMID:18793343).

Tognini S, Marchini F, Dardano A, et al. Non-thyroidal illness
syndrome and short term survival in a hospitalized older popu-
lation. Age Aging 2010;39(1):46-50. (PMID:19917633).
Cavailles A, Brinchhault-Rabin G, Dixmier A, et al. Comorbi-
dities of COPD. Eur Respir Rev 2013;22(130):454-75.
(PMID:24293462).

Shoukry A, Said NS, Abd-Elrahman A, Saber T, Fawzy MA,
Shalaby S. Thyroid dysfunction and inflammatory biomarkers
in chronic obstructive pulmonary disease: Relation to severity
and exacerbation. Egyptian Journal of Chest Diseases and Tu-
berculosis 2013;62(4);567-574. (DOI:
10.1016/j.€jcdt.2013.08.011). Accessed: 20.3.2016.

Laghi F, Adigiizel N, Tobin M]J. Endocrinological derange-
ments in COPD. Eur Respir J 2009;34(4):975-96.
(PMID:19797671).

Karadag F, Ozcan H, Karul AB, Yilmaz M, Cildag O. Correla-
tes of non-thyroidal illness syndrome in chronic obstructive
pulmonary disease. Med 2007;101(7):1439-46.
(PMID:17346957).

Wang F, Pan W, Wang H, Wang S, Pan S, Ge J. Relationship
between thyroid function and ICU mortality: a prospective ob-
Crit 2012;16(1):R11.

Respir

servational study. Care
(PMID:22257427).

Akarsu E, Alagol F, Altun B, et al. Guideline for diagnosis and
treatment of thyroid disorders 2013. ISBN: 978-605-0000-05-
4. Available from: www.turkendokrin.org/files/file/TIRO-
ID_TTK_2013.pdf. Accessed: 20.3.2016.

Economidou F, Douka E, Tzanela M, Nanas S, Kotanidou A.
Thyroid function during critical
2011;10(2):117-24. (PMID:21724536).

Plikat K, Langgartner J, Buettner R, et al. Frequency and out-

illness. Hormones

come of patients with nonthyroidal illness syndrome in a medi-
cal intensive care unit. Metabolism 2007;56(2):239-44.
(PMID:21724536).

Bacakoglu F, Basoglu OK, Giirgiin A, Bayraktar F, Kiran B,
Ozhan MH. Can impairments of thyroid function test affect
prognosis in patients with respiratory failure? Tuberculosis and
Thorax 2007;55(4):329-35. (PMID:18224499).

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Aras G, Kanmaz D, Purisa S, et al. Are thyroid functions chan-
ging in patients with exacerbated COPD? JAREM 2014;1:18-
24. (DOI:10.5152/jarem2014.454). Accessed: 20.3.2016.
Prakash R, Harish M, Suryanarayana V, Padma Priya M, Dhar-
mic S. Evaluation of thyroid functions in chronic obstructive
pulmonary disease. World J Med Sci 2014;11(1):57-58. (DOI:
10.5829/idosi.wjms.2014.11.1.82110). Accessed:20.3.2016.
Chinga-Alayo E, Villena J, Evans AT, Zimic M. Thyroid hor-
mone levels improve the prediction of mortality among patients
admitted to the intensive care unit. Intensive Care Med
2005;31(10):1356-61. (PMID:16012806).

Dimopoulou I, Ilias I, Mastorakos G, Mantzos E, Roussos C,
Koutras DA. Effects of severity of chronic obstrucitve pulmo-
nary  disease on  thyroid function.  Metabolism
2001;50(12):1397-401. (PMID:11735083).

Scoscia E, Baglioni S, Eslami A, Iervasi G, Monti S, Todisco T.
Low triiodothyronine (T3) state: a predictor of outcome in res-
piratory failure? Results of a clinical pilot study. Eur J Endocr
2004;151(5):557-60. (PMID:15538932).

Yasar Z, Kirakli C, Cimen P, Ucar ZZ, Talay F, Tibet G. Is
non-thyroidal illness syndrome a predictor for prolonged wea-
ning in intubated chronic obstructive pulmonary disease pati-
ents? Int J Clin Exp Med 2015;8(6):10114-21.
(PMID:26309710).

Bello G, Pennisi MA, Montini L, et. al. Nonthyroidal illness
syndrome and prolonged mechanical ventilation in patients ad-
mitted to the ICU. Chest 2009;135(6):1448-54.
(PMID:19255297).

Bustamante-Fermosel A, De Miguel-Yanes JM, Duffort-Falco
M, Munoz J. Mortality related factors after hospitalization for
acute exacerbation of chronic obstructive pulmonary disease:
the burden of clinical features. Am J Emerg Med
2007;25(5):515-22. (PMID:17543654).

Ho TW, Tsai YJ, Ruan SY, et al. In hospital and one year mor-
tality and their predictors in patients hospitalized for first ever
chronic obstructive pulmonary disease exacerbations: a nation-
wide population based study. PLoS One 2014;9(12):e114866.
(PMID:25490399).

Cabrini L, Landoni G, Oriani A, et al. Noninvasive ventilation
and survival in acute care settings: a comprehensive systematic
review and metaanalysis of randomized controlled trials. Crit
Care Med 2015;43(4):880-8. (PMID:25565461).

Hartl S, Lopez-Campos JL, Pozo-Rodriguez F, et al. Risk of de-
ath and readmission of hospital admitted COPD exacerbations:
European COPD audit. Eur Respir J 2016;47(1):113-21.
(PMID:26493806).

Kida Y, Minakata Y, Yamada Y, Ichinose M. Efficacy of nonin-
vasive positive pressure ventilation in elderly patients with acu-
te hypercapnic respiratory failure. Respiration 2012;83(5):377-
82. (PMID:21734354).

73



