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ABSTRACT
Obijective: The aim of the study is to evaluate the prevalence of thyroid abnormalities in patients with
stable chronic obstructive pulmonary disease (COPD) and the relationship between thyroid disorder and
ventilatory function tests and arterial blood gas analyses.
Material and methods: This cross-sectional study was conducted with 60 patients with stable COPD without
diagnosed thyroid disorder before the study (37 males and 23 females aged 40-75) as the Investigated
Group (IG) and 30 subjects from the general population without COPD as the Control Group (CG). They
were matched by age, gender and body mass index with the IG. All patients underwent laboratory tests,
thyroid hormones —free thyroxin (fT4), thyroid-stimulating hormone (TSH), and free triiodothyronine (fT3),
pulmonary function tests (FEV,, FVC%, FEV,/FVC, FEF25-75%), and ABG parameters (PH, PaCO,, PaO,,
HCQ,, O, saturation). The severity level in patients with COPD was determined according to GOLD (Global
Initiative for Chronic Obstructive Lung Disease) criteria and classified into four stages GOLD |, II, Ill, and V.
Results: Our results presented a statistically significant difference between prevalence of thyroid hormones
abnormalities in stable COPD compared to controls 18 (30.0%) vs 3 (10.0%), p = 0.0355; p < 0.05).
Thyroid dysfunction among COPD patients was more common in females than males. Serum level of
TSH was lower than the normal range in 18 patients (30.0%) from the I1G and in 3 (10.0%) from the CG,
with a statistically significant difference, p = 0.0355; p < 0.05. Thyrotoxicosis with low serum TSH and a
higher serum level of fT3, according to the referent range, was present in 8 patients (13.3%), and in no
patients from the CG 0 (0.0%), p = 0.0375; p < 0.05. The prevalence of subclinical hyperthyroidism with
low serum TSH and normal serum level of fT3 was higher in the IG —10 patients (16.7%) compared with 3
(10.0%) of the CG, but the difference was not statistically significant p = 0.3970. Acute exacerbation fre-
quency of IG was significantly higher than in the CG (1.6 + 0.42 and 0.82 + 0.79 respectively; p < 0.0001).
A positive significant relationship between acute exacerbation frequency and TSH values was found (p
< 0.0001; r=0.82). The mean values of fT3 in the IG were significantly increasing with the increased
severity of COPD. The degree of airflow limitation in COPD (FEV, as a percentage of the predicted value,
FEV,%pred) was significantly negatively correlated to fT3, Pearson correlation, (R = -0.525; p = 0.000;
p < 0.01). FEV,%pred was positively correlated with TSH (R = 0.358; p = 0.005; p < 0.01). Significant
negative correlations were present between T3 levels and both PaO, and SO, in the IG, and elevation of
fT3 was associated with higher PaCO2.
Conclusion: The present study confirms that both clinical and subclinical hyperthyroidism was higher in
patients with COPD compared to the non-COPD group. TSH and T3 are related to lung function. A better
understanding of the correlation between thyroid gland disorders and COPD may contribute to better
care of patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) is
a common, preventable, and treatable chronic airway
inflammatory disease. COPD has been the third leading
cause of death in the world since 2020. COPD is a re-
spiratory disease with systemic complications, which
is characterized by chronic airflow limitation due to
the destruction of lung parenchyma and airways. It is
a multicomponent disease with extrapulmonary effects,
such as cardiovascular disease, anemia, polycythemia,
malnutrition, muscle disorder, osteoporosis, metabolic
syndrome, diabetes, gastroesophageal reflux, anxiety,
depression, hormonal imbalance, infections, lung
cancer, and thrombosis. Many systems including the
endocrine system are affected by COPD. Comorbidities
not only affect symptom burden, health status, and
quality of life, but they also carry the risk of hospitaliza-
tion and mortality in patients with COPD [1_5]. Some
comorbidities, such as coronary artery disease or
metabolic syndrome are well-recognized in COPD pa-
tients. But thyroid diseases, which are more common in
COPD patients compared to patients who do not have
COPD, are underestimated despite important clinical
consequences [6]. Abnormalities in thyroid hormone
regulation are encountered frequently in nonthyroidal
diseases; these include normal or decreased total and
free thyroxine (TT4 and FT4, respectively), decreased
total (TT3) and free (FT3) triiodothyronine, along with
usually normal thyroid-stimulating hormone (TSH)
levels [7]. Neurohormones, blood gas abnormalities,
glucocorticoid administration also disturb the hormonal
balance [8]. Hypoxia and hypercapnia cause destruc-
tion in sella turcica and pituitary gland dysfunction.
During the course of COPD with hypoxia, peripheral
metabolism of thyroid function changes, and thyroid
hormone levels decrease in patients with very severe
COPD [9]. Frequently drugs used by COPD patients
to treat comorbidities, such as amiodarone, may be
a cause of thyroid disorder [10]. Systemic inflamma-
tion may express the link between COPD and thyroid
diseases. Supporting this, Karadag et al. [11] found
a positive correlation between interleukin 6, which
is a systemic inflammation marker, and total triiodot-
ironine (TT3) and TT3/TT4 (total tyhroxine) in patients
with stable COPD [11]. Smoking increases systemic
inflammation independently from associating COPD
and may affect thyroid functions [12]. Higher levels
of serum total triiodothyronine (TT3) were found in
young healthy smokers compared to non-smoking
control subjects, which may suggest that smoking
acts independently of coexistent diagnosis of COPD
[13]. On the other hand, hormones may affect regu-
lation of breathing. Some hormones act on the level
of the central nervous system, some have an impact

on peripheral chemoreceptors, others may contribute
to this process by influencing the metabolism rate,
and others exert their effect directly on receptors in
the respiratory tract. Hypothyroidism may also cause
alveolar hypoventilation, decreased lung volumes,
upper airway obstruction, depression in respiratory
stimulus and respiratory failure [14]. A cross-sectional
study from Spain showed that patients with COPD had
a higher prevalence of thyroid disease (14.2%) than the
expected standardized prevalence of chronic diseases
(11.06%), and the prevalence of thyroid disease was
higher in female than male patients (24.6% vs 10.9%)
[15]. Gumus et al. [16] found a decrease in triiodothy-
ronine (T5; 18.2%) and thyroid-stimulating hormone
(TSH; 30.3%) in patients with exacerbation of COPD.
The exacerbation frequency was higher in patients
with COPD with hypothyroidism than in those without
hypothyroidism. The frequency of COPD exacerbation
was positively correlated with TSH levels [16].

The objective of the study is to evaluate the prev-
alence of thyroid abnormalities in patients with stable
COPD and the relationship between thyroid disorder
and ventilatory function tests and arterial blood gas
analyses.

Material and methods
Study design and setting

A cross-sectional study aimed to evaluate the prev-
alence of thyroid abnormalities in patients with stable
COPD and the relationship between thyroid disorder
and ventilatory function tests and arterial blood gas
analyses was performed at the City General Hospital
“8mi Septemvri”, Skopje.

Study subjects

The study population included 60 patients with sta-
ble COPD (37 males, 23 females), diagnosed according
to the actual Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria and 30 subjects without
COPD matched to the COPD group by sex, age, body
mass index (BMI), and smoking status. All enrolled
subjects gave their written informed consent before
entering the study.

Inclusion criteria for Investigated Group (IG)

Both sexes, aged 40-75 years, with diagnosed
COPD according to the actual GOLD criteria, had a his-
tory of current or former smoking (equal or more than
10 pack-years) and were clinically stable condition at
least 6 weeks prior to involvement.
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Exclusion criteria for Investigated Group (IG)

The exclusion criteria were age less than 40 years
and more than 75 years, other chronic respiratory
diseases (asthma, bronchiectasis, active tuberculo-
sis, sarcoidosis, lung carcinoma, pulmonary fibrosis,
sleep apnea syndrome), BMI > 35kg/m?, electrolyte
imbalance, hepatic, renal failure, anemia. We excluded
patients with immunosuppressive therapy, patients
during acute exacerbation of COPD, and those who
received systemic corticosteroids, medications con-
taining iodine, amiadorone and/or contrast material
within the prior two months, those who could not per-
form the pulmonary function tests, those with thyroid
surgery, other endocrine diseases (including diabetes
mellitus), neuromuscular and cardiovascular diseases,
symptoms of any infections or using anti-inflammatory
medications. Patients who did not agree to participate
were excluded from the study.

Inclusion criteria for the Control Group (CG)

We included patients aged from 40 to 75 years, with
a smoking history > 10 pack-years, current or former
smokers, patients with normal spirometry, in stable clin-
ical condition, without significant difference in sex, age,
BMI, and patients who signed consent for participation.

Methods

All patients underwent laboratory testing and pul-
monary function tests. The severity level in patients with
COPD was determined according to GOLD criteria.

The BMI as a measure of body fat, based on height
and weight that applies to the adult population, was de-
termined in all study subjects by computed calculation
using a BMI calculator [17].

Classification of smoking status was done as per
the World Health Organization (WHO) recommenda-
tions by the Brinkman Index, as a clinical quantifica-
tion of cigarette smoking is used to measure a person’s
exposure to tobacco, and it is calculated as number of
pack-years = (number of cigarettes smoked per day /
20) x number of years smoked [17].

Pulmonary evaluation

The pulmonary evaluation included: dyspnea se-
verity assessment, baseline, and post-bronchodilator
spirometry, arterial gas analysis, and chest X-ray (to
exclude respiratory disease other than COPD).

The baseline spirometry, including measures of
forced vital capacity (FVC), forced expiratory volume in
one second (FEV,), FEV,/FVC, and maximal expiratory
flow at 75%, 50%, 25%, and 25-75% of FVC (MEF_,

MEF;,, MEF,;, and MEF,; .., respectively), was per-
formed in all subjects using electronic spirometer
Spirobank G USB Spirometer (Medical International
Research, Roma, ltaly) — the best result from three
measurements the values of FEV, were recorded. The
difference between two spirometry values of FEV1 was
less than 5%. The results of spirometry were expressed
as percentages of the predicted values, according to
the actual recommendations of the European Respi-
ratory Society and American Thoracic Society [18].
Bronchodilator test was performed by spirometric
measurements before and 20 minutes after adminis-
tration of 400 mg salbutamol by metered-dose inhaler
through a spacer. The post-bronchodilator value of the
FEV,/FVC ratio was less than 0.70 and indicated per-
sistent airflow limitation [18]. According to the actual
GOLD recommendations, COPD was considered by
finding of a post-bronchodilator FEV,/FVC ratio less
than 0.70 in symptomatic subjects (dyspnea, chronic
cough, and/or sputum production) with a history
of exposure to risk factors for the disease (noxious
particles and gases). In addition, according to the
FEV, value, airflow limitation in the subjects with
COPD, i.e. severity of the disease, was classified as
mild (FEV, value higher than 80% of the predicted val-
ue), moderate (FEV, value higher than 50% but lower
than 80% of the predicted value), severe (FEV, value
higher than 30% but lower than 50% of the predicted
value), and very severe (FEV, value lower than 30% of
the predicted value [1]). Gas analysis was performed
with SIEMENS RAPIDPOINT 405 System (Siemens
Healthineers, Australia).

Laboratory evaluation

Analysis of venous blood was taken in the morning
at 8 a.m (following an overnight fast) and biochem-
istry, sedimentation rate, C-reactive protein, thyroid
hormones were analyzed. Thyroid-stimulating hor-
mone (TSH) (normal range: 0.35-4.0 mlU/L), free
triiodothyronine (fT3) (normal range: 2.3-6.7 pmol/L),
and free tetraiodothyronine (fT4) (normal range:
10.2-24.4 pmol/L) were measured using electroche-
miluminescence immunoassay (E170, Mannheim,
Germany).

Statistical analysis

Statistical analysis was done using the SPSS Sta-
tistics 20 software package (SPSS. Inc., Chicago, IL,
USA). The results of the tests were usually expressed
with numerical values, so the comparison between them
was performed using a correlation with the Pearson
Correlation test. To test hypotheses involving multiple
samples, a standard Student t-test for two or more sam-
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ples was used. The Mann-Whitney U-test was used to
test two independent samples. In the case of more than
two samples, a Kruskal-Wallis H test of K-independent
samples was used, which is a one-way analysis of the
variants of independent samples (one-way ANOVA on
ranks). The level of statistical significance was set at p
value less than 0.05.

RESULTS

Demographic data and pulmonary function tests
of the study subjects are presented in Table 1. The
two groups were similar regarding the gender and age
distribution of the included subjects, as well as their
smoking status, mean BMI, and height.

Diagnosis of an exacerbation relies on the clinical
presentation of the patient complaining of worsening
symptoms (dyspnea, cough, or sputum production)
and leading to an increase in the use of maintenance
medications and/or supplementation with additional
medications that is beyond normal day-to-day varia-
tions [1]. This data was collected based on the medical
history of each patient. Age, BMI, and height were not
different between study groups.

The mean values of spirometry parameters (FVC,
FEV, and FEV,/FVC ratio) were significantly lower in
COPD patients than in non-COPD controls (p < 0.0001).

Table 1. Demographic data and pulmonary function test

Acute exacerbation frequency of IG was significantly
higher than CG (1.6 = 0.42 and 0.82 = 0.79 respectively;
p < 0.0001).

According to the severity of airflow limitation, i.e. to
the post-bronchodilator value of FEV,, COPD patients
were categorized into four stages: mild (GOLD 1),
moderate (GOLD ll), severe (GOLD lll), and very severe
COPD (GOLD V) (Tab. 2).

Laboratory findings of thyroid function tests are
presented in Table 3. The number of patients with
abnormal thyroid hormone status was significantly
higher in stable COPD than control group 18 (30%) vs
3 (10.0%); p = 0.0355; p < 0.05. Thyrotoxicosis with
low serum TSH and higher serum level of fT3, according
to the referent range, was present in 8 patients (13.3%)
and in none patient in the CG 0 (0.0%); p = 0.0375;
p < 0.05. The prevalence of subclinical hyperthyroidism
with low serum TSH and normal serum level of fT3 was
higher in the IG — 10 patients (16.7%) compared with
3 (10.0%) in the CG, but the difference was not statis-
tically significant p = 0.3970.

The effect of thyroid function on COPD exacerba-
tion frequency was examined. Only TSH was found
to be significantly associated with acute exacerbation
frequency. A positive significant relationship between
acute exacerbation frequency and TSH values was
found (p <0.0001; r=0.82) (Fig. 1). The mean values
of fT3 in the IG were significantly increasing with the
increased severity of COPD. The degree of airflow lim-
itation in COPD (FEV, as a percentage of the predicted

Characteristic

COPD patients

Non-COPD subjects

(n = 60) (n = 30) P-value
Gender
Males 37 (61.7%) 21 (70.0%) p = 0.4406
Females 23 (38.3%) 9 (30.0%)
Mean age (years)
Male 64.9 £ 6.2 65.8 = 4.6 p = 0.4837
Female 659 =54 64.7 +5.2 p =0.3172
Smoking status
Active smokers 35 (58.3%) 18 (60%) p = 0.8779
Former smokers 25 (41.7%) 12 (40%) p = 0.8779
Pack-year smoked 66.1 = 25.8 67.4 + 255 p =0.8216
Mean BMI value (kg/m?) 26.8 + 3.5 271+ 32 p = 0.6944
Height (cm) 164.6 +6.3 166.4+6.9 p = 0.2191
Mean baseline values
of spirometry parameters 75.8 +10.3 113.2 = 151 p < 0.0001
FVC (% pred) 47.2 =161 91.2 £ 13.9
FEV, ((% pred) 0.6 = 0.05 0.9 + 0.05
FEV,/FVC ratio
Acute exacerbation freq uency (/years) 1.6+0.42 0.82+0.79 p < 0.0001

BMI — body mass index; COPD — chronic obstructive pulmonary disease; FEV, — forced expiratory volume in one second; FVC — forced vital

capacity; %pred — percentage of the predicted value

www.journals.viamedica.pl/medical_research_journal

207


https://mrmjournal.biomedcentral.com/articles/10.1186/2049-6958-8-64
https://mrmjournal.biomedcentral.com/articles/10.1186/2049-6958-8-64

MEDICAL RESEARCH JOURNAL 2021. vol. 6. no. 3

value, FEV,%pred) was significantly negatively correlat-
ed to fT3, Pearson correlation, (R = -0.525; p = 0.000;
p < 0.01). FEV,%pred was positively correlated with
TSH (R = 0.358; p = 0.005; p < 0.01).

Results of gas analyses in COPD and non-COPD
subjects are presented in Table 4. Significant negative
correlations were present between fT3 levels and both
PaO, and O, saturation in the IG and elevation of fT3 was
associated with higher PaCO2.

Discussion

COPD is a respiratory disease that is prevalent
worldwide and has chronic airway inflammation as its
major characteristic. In addition to airway inflamma-
tion, patients with COPD have inflammation in other
body systems. It is not only a pulmonary disease but
a systemic disease with numerous extrapulmonary
manifestations. It is associated with many comorbid-
ities that further increase hospital costs and reduce
lifespan. The GOLD guidelines state that COPD is often
complicated by many diseases, but thyroid dysfunction

Table 2. Distribution of the COPD patients by degree of
airflow limitation

COPD severity COPD patients
(n = 60)
GOLD 1 - mild 4 (6.7%)

(FEV, > 80% pred)

GOLD 2 - moderate
(FEV, = 50% - 79% pred)
GOLD 3 - severe

(FEV, = 30% - 49% pred)

GOLD 4 - very severe
(FEV, < 30% pred)

22 (36.7%)

21 (35.0%)

13 (21.7%)

COPD — chronic obstructive pulmonary disease; GOLD — Global Ini-
tiative for Chronic Obstructive Lung Disease; FEV, — forced expiratory
volume in one second; %pred — percentage of the predicted value

may be an underestimated complication of COPD due
to insufficient clinical data [1, 19]. In our study male
patients dominated, which is probably due to the fact
that men are main cigarette consumers, and smoking
is the main risk factor. In the study 61.7% of participants
were men, and 37.3% women, out of 60 COPD patients,
current smokers constituted 58.3% and former smokers
41.7%. The mean age of patients with COPD was for
men 64.9 = 6.2 and for women 65.9 + 5.4. According
to the GOLD criteria, they were predominantly in GOLD
stage Il and Il on the basis of spirometry (FEV,%pred
30-80%). Our results presented a statistically significant
difference between prevalence of thyroid hormones
abnormalities in stable COPD compared to controls,
18 patients (30.0%) vs 3 (10.0%); p = 0.0355; p < 0.05).
Previous studies showed that hypothyroidism was more
common than hyperthyroidism in COPD patients, and
its frequency showed positive correlation with the stage
of COPD [20, 21].

20+
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o
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Figure 1. Relationship between thyroid TSH level and
frequency of acute COPD exacerbation

COPD — chronic obstructive pulmonary disease; TSH
— thyroid stimulating hormone

Table 3. Presentation of thyroid hormone status in COPD and non-COPD subjects

Thyroid hormones COPD patients Non-COPD subjects P-value
(n = 60) (n = 30)

Thyroid hormone status

TSH (mIU/mL) 4.7 (0.3-18.89) 0.7 (0.4-4.5) p < 0.0001
fT4 (pmol/L) 2.35+3.42 2.47+3.32 p = 0.8745
fT3 (pmol/L) 3.37£1.21 2.33+0.44 p < 0.0001
Normal thyroid status 42 (70.0%) 27 (90.0%) p = 0.0355
Hyperthyroidism 8 (13.3%) 3(10.0 %) p = 0.6539
Subclinical hyperthyroidism 10 (16.7%) 3 (10.0%) p = 0.3970

COPD — chronic obstructive pulmonary disease; fT4 — free tetraiodothyronine; fT3 — free triiodothyronine; TSH — thyroid stimulating hormone
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Table 4. Presentation of gas analyses in COPD and non-COPD subjects

Gas analyses COPD patients Non-COPD subjects P-value
(n = 60) (n = 30)

PaO, (mmHg) 48.41 £ 9.9 64.4 + 6.4 p < 0.0001

PaCO, (mmHg) 41.1+10.8 314+76 p < 0.0001

0, saturtion (%) 783 £ 149 88.1 £ 4.2 p = 0.0007

pH 739 0.2 745+ 04 p = 0.3440

HCO, (mmol/L) 272 +59 22.6 + 2.1 p = 0.0001

COPD — chronic obstructive pulmonary disease; HCO,: bicarbonate; O, — oxygen; PaCO, — partial pressure of carbon dioxide; PaO, — partial

pressure of oxygen; pH: potential of hydrogen

In our study hyperthyroidism was more frequent,
serum level of TSH was lower than the normal range
in 18 patients (30.0%) of the IG and in 3 (10.0%) in the
CG, with a statistically significant difference, p = 0.0355;
p < 0.05. Thyrotoxicosis with low serum TSH and higher
serum level of fT3, according to the referent range, was
present in 8 patients (13.3%) and in none patient in the
CG 0 (0.0%); p = 0.0375; p < 0.05. A cross-sectional
study from Spain showed that patients with COPD had
a higher prevalence of thyroid disease (14.2%) than
the expected standardized prevalence of chronic dis-
eases (11.06%), and the prevalence of thyroid disease
was higher in female than male patients (24.6% vs
10.9%) [22]. The increase in TT3/TT4 and fT3 in COPD
patients was previously reported in the study of Ulasli
et al. [28]. El-Yazed et al. [24] demonstrated that the
increase in fT3 showed a negative correlation with
PaO, and a positive correlation with PaCO,. The eleva-
tion of fT3 was associated with higher COPD severity.
Bacakoglu et al. [25] demonstrated that low fT3 and
fT4 levels increase the rates of invasive mechanical
ventilation and mortality in patients with respiratory
failure. Exacerbations of COPD are important events
in the course of the disease, as exacerbations nega-
tively affect the quality of life, accelerate the decline
of pulmonary function and are associated with higher
socioeconomic costs and mortality. Development of
strategies to prevent exacerbations is an important
goal in COPD management [1]. In our study, acute
exacerbation frequency of IG was significantly high-
er than CG (1.6 =0.42 and 0.82 =0.79 respectively;
p < 0.0001). A positive significant relationship between
acute exacerbation frequency and TSH values was
found (p <0.0001; R=0.82). Both cigarette smoke
and chronic inflammatory and COPD can impair the
thyroid gland and lead to abnormal thyroid hormone
production. Karadag et al. [11] demonstrated that the
prevalence of non-thyroidal illness syndrome (abnor-
mal thyroid hormone levels not due to thyroid disease)
was 14-20% in patients with stable COPD and 70% in
patients with acute exacerbation COPD.

Conclusions

This trial shows that thyroid abnormalities are not
uncommon in COPD patients. The present study con-
firms that both clinical and subclinical hyperthyroidism
was higher in patients with COPD, compared to the
non-COPD group. A positive significant relationship
between acute exacerbation frequency and TSH values
was found. TSH and fT3 are related to lung function.
A better understanding of the correlation between
thyroid gland disorders and COPD may contribute to
better care of patients.

The findings of the present study are subject to
some limitations. First, only one center is included,
and the relatively small size of the study subjects could
have certain implications on the evaluated data and
their interpretation. Second, the unequal distribution
of COPD patients by degree of airflow limitation could
have a certain influence on the data obtained and their
interpretation.
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